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1 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 vascular smooth
muscle cells (VSMCs). These channels can be distinguished by their sensitivity to Ca®*-channel
blockers, SK&F 96365 and LOE 908. LOE 908 is sensitive to NSCC-1 and NSCC-2, and SK&F 96365
is sensitive to NSCC-2 and SOCC. Moreover, these channels play essential roles in ET-1-induced
epidermal growth factor receptor protein tyrosine kinase (EGFR PTK) transactivation. The main
purpose of the present study was to demonstrate the involvement of EGFR PTK transactivation in
ET-1-induced arachidonic acid release in VSMCs.

2 Both SK&F 96365 and LOE 908 inhibited ET-1-induced arachidonic acid release with the ICs,
values correlated to those of ET-1-induced Ca®* influx. Moreover, combined treatment with these
blockers abolished ET-1-induced arachidonic acid release.

3 AGI1478, a specific inhibitor of EGFR PTK, inhibited ET-1-induced arachidonic acid release and
extracellular signal-regulated kinase 1 and 2 (ERK1/2). The ICs, values of AG1478 for ET-1-induced
arachidonic acid release and ERK1/2 correlated well with those for ET-1-induced EGFR PTK
transactivation.

4 Mitogen-activated protein kinase kinase inhibitor, PD 98059, inhibited ET-1-induced arachidonic
acid release. The ICs, values of PD 98059 for ET-1-induced arachidonic acid release were similar to
those for ET-1-induced ERK1/2 activity. In contrast, PD 98059 failed to inhibit ET-1-induced EGFR
PTK transactivation.

5 These results indicate that (1) extracellular Ca®* influx through NSCCs and SOCC plays
important roles for ET-1-induced arachidonic acid release, (2) EGFR PTK transactivation/ERK1/2

pathways are involved in ET-1-induced arachidonic acid release.
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Introduction

Activation of phospholipase A, (PLA,) liberates arachidonic
acid from phospholipids. Arachidonic acid metabolites,
including prostaglandins, leukotrienes, lipoxins, and hydroxy
derivatives, have been implicated in numerous physiological
and pathophysiological processes (Brady & Serhan, 1996;
Makita et al., 1996; Vane & Botting, 1997). This arachidonic
acid is preferentially released by the 85-kDa cytosolic PLA,
(cPLA,) (Sharp et al., 1991; Trevisi et al., 2002). Both Ca>*
and phosphorylation regulate cPLA, activity. Ca®* is required
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for cPLA, to translocate from the cytosol to phospholipid, a
membrane that is mediated by its Ca®>*-dependent phospho-
lipid binding domain (Nalefski et al., 1994). Endothelin-1 (ET-
1) induces arachidonic acid release through the activation of
cPLA, in vascular smooth muscle cells (Resnik et al., 1989;
Trevisi et al., 2002). In addition, extracellular Ca*>" influx
plays critical roles in ET-1-induced arachidonic acid release
(Dunican et al., 1996; Wu-Wong et al., 1996). However, it
remains unclear as to what types of Ca®" channels are
involved in ET-1-induced arachidonic acid release in vascular
smooth muscle cells (VSMCs). These uncertainties are mainly
attributable to the lack of specific Ca®*-channel blockers. We
have recently shown that ET-1 activates three types of voltage-
independent Ca’>* channel (VICC), as well as voltage-operated
Ca’* channels (VOCCs) in rabbit internal carotid artery (ICA)
VSMCs. The VICCs include two types of Ca’*-permeable
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nonselective cation channel (designated NSCC-1 and NSCC-2)
and a store-operated Ca’>" channel (SOCC) (Kawanabe et al.,
2002a). Importantly, we have also shown that these channels
can be distinguished by their sensitivity to blockers of the
receptor-operated Ca”>* channel such as SK&F 96365 and
LOE 908 (Meritt et al., 1990; Encabo et al., 1996). 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 SOCC is
resistant to LOE 908 and sensitive to SK&F 96365 (Kawanabe
et al., 2002a). Based on these results, we tried to elucidate
which Ca’?* channels are involved in ET-1-induced arachido-
nic acid release using SK&F 96365 and LOE 908 in this study.

Next, we investigated the intracellular mechanisms of the
ET-1-induced arachidonic acid release. Stimulation of cells by
epidermal growth factor (EGF) results in the activation of
cPLA, (Bonventre et al., 1990). Moreover, EGF-induced
extracellular signal-regulated kinase 1 and 2 (ERK1/2)
phosphorylation results in cPLA, activation (van Rossum
et al., 2001). ET-1 transactivates EGFR protein tyrosine
kinase (PTK) in VSMCs (Iwasaki et al., 1999; Kawanabe e? al.,
2002b). Therefore, we focused on investigating whether ET-1-
induced EGFR PTK transactivation was involved in the
stimulation of arachidonic acid release by ET-1.

Methods
Cell culture

Isolated VSMCs were prepared from rabbit ICA, as described
previously (Kawanabe et al., 2002a). The cells were maintained
in Dulbecco’s modified Eagle’s medium (DMEM) containing
10% fetal bovine serum supplemented with 100 Uml™!
penicillin G and 100 ug ml~" streptomycin, under a humidified
5% CO,/95% air atmosphere.

[?H] 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 uCiml™"). After washing, ET-1 was
added and, after Smin, the medium was removed, acidified
with 100 ul of 1N formic acid, and extracted with 3ml of
chloroform. The extracts were evaporated to dryness, resus-
pended in 50 ul chloroform, and applied to silica gel plates for
thin-layer chromatography (Merck, Darmstadt, Germany).
The plates were developed in heptane/diethyl ether/acetic acid
(vv™'; 75:25:4). The distance of movement was visualized
with iodine vapor. The plate was scraped, and the radioactivity
was counted with a liquid scintillation counter.

Measurement of EGFR PTK transactivation

Measurement of EGFR PTK transactivation was performed
using a Universal Tyrosine Kinase Assay Kit (Takara, Tokyo,
Japan), as described previously (Kawanabe et al., 2002b).
Extraction buffer and kinase reacting solution were equipped
with this kit. Cells seeded at 5 x 10°cellswell™" in six-well
plates were starved for 24h and then stimulated with 10 nm
ET-1 for 2min. The reaction was terminated by washing three
times with phosphate-buffered saline (PBS). After the addition

of 1 ml of extraction buffer, the cells were scraped off with a
scraper and centrifuged at 14,500 rpm for 10 min at 4°C. The
supernatant was incubated with mouse monoclonal anti-
EGFR antibody (Takara, Tokyo, Japan) for 2h at room
temperature and subsequently incubated with Protein A—
agarose for an additional 1h. The mixture was centrifuged at
10,000 x g for 1 min at 4°C, and the pellets were washed three
times with PBS. The washed pellets were resuspended in 150 ul
of kinase reaction buffer. EGFR PTK transactivation was
determined according to the manufacturer’s instructions. The
absorbance of the lysate at 450 nm was measured with an
EL340 Microtiter Plate Reader (Bio-Tek Instruments, Wi-
nooski, VT, USA).

Measurement of ERKI1/2 activity

Measurement of ERK1/2 activity was performed as described
previously (Sugawara et al., 1996; Kawanabe et al., 2001).
Briefly, ICA VSMCs at 50% confluency in 10-cm dishes were
starved for 24h before being stimulated by 10nm ET-1 for
Smin in serum-free DMEM. The reaction was terminated by
washing once with PBS and twice with 20 mm Tris-HCI (pH
7.4). After the addition of 1 ml of ice-cold extraction buffer
(10mm Tris-HCI, 0.5mm EDTA, 0.5mm EGTA, Smm MgCl,,
1 mm dithiothreitol, Smgml~' aprotinin, 0.05 mMm NaF, 0.5 mm
Na;PO,, 0.5mM 4-(2-aminoethyl)benzenesulfonyl fluoride,
and Smwm f-glycerophosphate; pH 7.4), the cells were scraped
off using a scraper. For partial purification of ERK, the cell
suspension was transferred to a 15-ml conical tube, sonicated
for 10s x 3 at 10-s intervals, and centrifuged at 25,000 x g for
20min. The supernatant was applied to a DEAE-Sephadex
column (bed volume, 0.5ml) pre-equilibrated with equilibra-
tion buffer (extraction buffer containing 100 mm NaCl). The
enzyme was eluted with the elution buffer (extraction buffer
containing 500 mm NaCl) and concentrated using Centricon
YM-30 (Millipore Corporation, Bedford, MA, U.S.A.). The
protein concentration of the partially purified enzyme in each
sample was determined with a BCA Microprotein Assay Kit
(Pierce, Rockford, IL, U.S.A.), and 5ug of the enzyme was
used for each assay. ERK1/2 activity was determined using a
MAP Kinase Assay Kit (Amersham, Buckinghamshire, U.K.)
according to the manufacturer’s instructions.

Drugs

Boehringer Ingelheim K.G. (Ingelheim, Germany) kindly
provided LOE 908. Other chemicals were commercially
obtained.

Statistical analysis

All results were expressed as mean+s.e.m. The data were
subjected to a two-way analysis of variance, and when a
significant F-value was encountered, the Newman—Keuls’
multiplerange test was used to test for significant differences
between treatment groups. A probability level of P<0.05 was
considered statistically significant.

British Journal of Pharmacology vol 139 (8)



1518 Y. Kawanabe et a/

Mechanisms of arachidonic acid release by endothelin-1

Results
Effects of ET-1 on arachidonic acid release in VSMCs

ET-1 induced arachidonic acid release in a concentration-
dependent manner with an ECs, value of around 1nwm, and
maximal effects were observed at concentrations of >10nm
(Figure la). In the absence of extracellular Ca’*, the
magnitudes of ET-1-induced arachidonic acid release were
near the basal level (Figure 1b). Therefore, extracellular Ca>*
influx appears to play an important role in ET-1-induced
arachidonic acid release. ET-1-induced arachidonic acid
release was abolished by BQ123, a specific antagonist of

1]

o
[

[3H]Arachidonic acid release
(epmx103)
-9

ol | I I | |
42 -1 -10 -9 -8 .7

log4o[ET-1 (M)]

b
S 8r

m

o

@ T

o _ 6

82

Q

.554_

3 &

=

: 2

< T

£ U T
ET-1 ’ + + o+ o+ o+
Ca2+ + + = + + o+
BQ123 - - - 4+ - -
BQ788 - - - - + -

AACOCF3- - = - - +

Figure 1 (a) Effects of various concentrations of ET-1 on
arachidonic acid release in vascular smooth muscle cells. The cells
were stimulated with increasing concentrations of ET-1 for 5min.
(b) Effects of extracellular Ca*>*, BQ123, BQ788, and AACOCF; on
ET-1-induced arachidonic acid release in VSMCs. The cells were
pretreated with or without 5um BQI23, 5um BQ788, or 50 um
AACOCF; for 30min and incubated with 10nm ET-1 for 5min.
Arachidonic acid release was determined as described in Methods.
Data presented are the mean+s.e.m. of six determinations, each
done in triplicate.

endothelin, receptor, but it was unaffected by BQ788, a
specific antagonist of endotheling receptor (Figure 1b). More-
over, ET-1-induced arachidonic acid release was inhibited by
arachydonyl trifluoromethyl ketone (AACOCFs;), a selective
inhibitor of cPLA,.

Effects of SK&F 96365 and LOE 908 on ET-1-induced
arachidonic acid release

We examined the effects of extracellular Ca>* influx through
VOCCs on ET-1-induced arachidonic acid release using
nifedipine, a specific blocker of L-type VOCCs. Nifedipine at
1 um completely inhibited 10nmM ET-1-induced extracellular
Ca*>" influx through VOCCs in VSMC (data not shown). In
contrast, it inhibited 10nmM ET-1-induced arachidonic acid
release by a maximum of only about 10% (Figure 2a). Using
SK&F 96365 and LOE 908, we attempted to determine the
effects of extracellular Ca’>* influx through VICCs on ET-1-
induced arachidonic acid release. In the following experiments,
nifedipine was added to the incubation media at a final
concentration of 1 um to analyze the role of Ca®* channels
other than L-type VOCC. SK&F 96365 inhibited 10 nm ET-1-
induced arachidonic acid release in a concentration-dependent
manner with ICs, values of around 1 um (Figure 2b). Maximal
inhibition was observed at concentrations > 10 uM. The extent
of maximal inhibition was around 80% of 10 nm ET-1-induced
arachidonic acid release (Figure 2). Similarly, LOE 908
inhibited 10nm ET-1-induced arachidonic acid release in a
concentration-dependent manner with ICs, values of around
1 um, and maximal inhibition was observed at concentrations
>10um (Figure 2). The extent of maximal inhibition was
around 60% of 10nM ET-1-induced arachidonic acid release
(Figure 2b). Moreover, the combined treatment with maximal
effective concentration (10 um) of SK&F 96365 and LOE 908
completely inhibited 10nm ET-1-induced arachidonic acid
release (Figure 2a).

Effects of AG1478 on ET-1-induced arachidonic acid
release and ERKI/2 stimulation

AG1478, a specific inhibitor of EGFR PTK, inhibited 10 nm
ET-1-induced arachidonic acid release (Figure 3a). The
inhibitory effect of AG1478 on ET-1-induced arachidonic
acid release was in a concentration-dependent manner with
1Cs values of around 10nm (Figure 3a). Maximal inhibition
was observed at concentrations > 1 um (Figure 3a). The extent
of maximal inhibition was around 55% of ET-I-induced
arachidonic acid release (Figure 3a). Similarly, AGI1478
inhibited 10nMm  ET-l-induced ERK1/2  stimulation
(Figure 3b). The inhibitory effect of AG1478 on ET-1-induced
ERK1/2 was in a concentration-dependent manner with ICs
values of around 10nm (Figure 3b). Maximal inhibition was
observed at concentrations >1um (Figure 3b). The extent of
maximal inhibition was around 60% of ET-1-induced ERK1/2
stimulation (Figure 3a).

Effects of PD 98059 on ET-1-induced arachidonic acid
release and EGFR PTK transactivation

PD 98059, an inhibitor of mitogen-activated protein kinase
kinase, inhibited 10 nMm ET-1-induced arachidonic acid release
(Figure 4a). The inhibitory effect of PD 98059 on ET-1-
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Figure 2 (a) Effects of a maximal effective concentration of
nifedipine (1 uMm), SK&F 96365 (10 um), and LOE 908 (10 um) on
ET-1-induced arachidonic acid release in VSMCs. (b) Effects of
various concentrations of SK&F 96365 and LOE 908 on ET-1-
induced arachidonic acid release in VSMCs. The cells were
incubated for 15min with various concentrations of SK&F 96365
(closed circles) or LOE 908 (open circles) and then stimulated with
10 nm ET-1 for 5min in the presence of 1 uMm nifedipine. Arachidonic
acid release was determined as described in Methods. Data
presented are the mean +s.e.m. of six determinations, each done in
triplicate. #P<0.05; significantly different from the control values
stimulated by ET-1 in each experiment.

induced arachidonic acid release was in a concentration-
dependent manner with ICs, values of around 3 um (Figure 4a).
Maximal inhibition was observed at concentrations =30 um
(Figure 4a). The extent of maximal inhibition was around
60% of ET-1-induced arachidonic acid release (Figure 4a). In
contrast, 30 um PD 98059 failed to inhibit 10 nMm ET-1-induced
EGFR PTK transactivation (Figure 4b).

Discussion

Based on the sensitivity to BQ123 and BQ788, endotheling
receptor plays essential roles in the ET-1-induced arachidonic
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Figure 3 (a) Effects of various concentrations of AG1478 on ET-1-
induced arachidonic acid release in VSMCs. The cells were
incubated for 15min with various concentrations of AG1478 and
then stimulated with 10 nm ET-1 for 5 min. Arachidonic acid release
was determined as described in Methods. (b) Effects of various
concentrations of AG1478 on ET-l-induced ERK1/2 in VSMCs.
ERK1/2 activity was determined as described in Methods. Data
presented are the mean +s.e.m. of six determinations, each done in
triplicate.

acid release in ICA VSMCs (Figure 1b). Based on the
sensitivity to AACOCF; (Figure 1b), ET-1 induces arachido-
nic acid release through cPLA, activation. These results are in
agreement with the observations that agonist-induced AA
release is mainly mediated by cPLA, in many cell types (Wu-
Wong et al., 1996; Trevisi et al., 2002). Previous reports
demonstrated that extracellular Ca*>* influx plays important
roles in the arachidonic acid release (Dunican et al., 1996; Wu-
Wong et al., 1996). We tried to characterize the Ca®* channels
involved in the ET-1-induced arachidonic acid release in ICA
VSMCs. The magnitudes of ET-1-induced arachidonic acid
release in the absence of extracellular Ca>™ were near the basal
level (Figure 1b). These results indicate that extracellular Ca>*
influx plays important roles in ET-1-induced arachidonic acid
release in ICA VSMCs. Our recent study indicated that

British Journal of Pharmacology vol 139 (8)



Mechanisms of arachidonic acid release by endothelin-1

1520 Y. Kawanabe et a/

a
B —

)

7]

o

e 6

E‘-ﬁ.

)

x4l

g £

-

;"'-'

3]

S 2

<

I

@ e s e e e e et
0 | | | | |

l0g4,[PD 98059 (M)]

EGFR PTK phosphorylation o
(Optical density; OD50)

L]

ET-1 - + +

PD 98059 - - +
Figure 4 (a) Effects of PD 98059 on ET-1-induced arachidonic acid
release in VSMCs. The cells were incubated for 15 min with various
concentrations of PD 98059 and then stimulated with 10 nm ET-1
for Smin. ERK1/2 activity was determined as described in Methods.
Data presented are the mean+s.e.m. of six determinations, each
done in triplicate. (b) Effects of PD 98059 on ET-1-induced EGFR
PTK transactivation. The cells were incubated for 15min with or
without 30 um PD 98059 and then stimulated with 10nm ET-1 for
2min. EGFR PTK activity was determined as described in Methods.
Data presented are the mean+s.e.m. of six determinations, each
done in triplicate.

NSCC-1, NSCC-2, and SOCC play a major part in the ET-1-
induced extracellular Ca?* influx in ICA VSMCs (Kawanabe
et al., 2002a). Moreover, extracellular Ca*>* influx through
these Ca>* channels plays essential roles in the ET-1-induced
PYK2 protein tyrosine kinase activation and cell proliferation
(Kawanabe et al., 2002a,c; 2003). Thus, we examined the
involvement of NSCC-1, NSCC-2, and SOCC in the ET-1-
induced arachidonic acid release using SK&F 96365 and LOE
908. According to the nifedipine sensitivity of ET-1-induced
arachidonic acid release, involvement of VOCC in this
response was estimated to be minor, at around only 10%
(Figure 1b). We demonstrated in a recent report that
nifedipine suppressed the 10nm ET-1-induced sustained
increase in [Ca’"]; by a maximum of no more than 10%
(Kawanabe ef al., 2002a). Therefore, Ca*>™ channels other than
VOCC may play important roles in ET-1-induced arachidonic

acid release in addition to extracellular Ca®* influx in ICA
VSMC:s. The inhibitory action of SK&F 96365 and LOE 908
on the ET-1-induced arachidonic acid release is considered to
be mediated by blockade of Ca®* entry through VICCs for the
following reasons. (1) In our recent work using patch-clamp
and [Ca’*]; monitoring, ET-1 was found to activate three types
of VICCs in VSMCs, namely NSCC-1, NSCC-2, and SOCC.
In addition, LOE 908 was found to be a blocker of both
NSCC-1 and NSCC-2, whereas SK&F 96365 was found to be
a blocker of NSCC-2 and SOCC (Kawanabe et al., 2002a). (2)
The ICsy values of these blockers for the ET-1-induced
arachidonic acid release (Figure 2b) correlated well with those
for the ET-l-induced extracellular Ca’>* influx (Kawanabe
et al., 2002a). Moreover, because SK&F 96365 and LOE 908
failed to inhibit ET-1-induced transient increase in [Ca2*]; due
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Figure 5 (a, b) Calculation for contribution of Ca™ influx through
three types of VICCs to ET-1-induced arachidonic acid release in
VSMCs in the presence of 1um nifedipine. The ET-I-induced
arachidonic acid release in the presence of 10 um LOE 908 and/or
10 um SK&F 96365 is represented as a percentage of values in its
absence. The contributions of SOCC and NSCC-1 are represented as
X and Z, respectively. The contribution of NSCC-2 is represented as
W-Zor Y-X.
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to the release of intracellular Ca®* store (Kawanabe et al.,
2002a), the release of salcoplasmic reticulum Ca®* is not
sufficient to stimulate arachidonic acid release. Three types of
VICC seem to be involved in the ET-1-induced arachidonic
acid release in terms of its sensitivity to SK&F 96365 and LOE
908 (Figure 5). One type of Ca®>* channel is sensitive to LOE
908 and resistant to SK&F 96365, another type is sensitive to
both LOE 908 and SK&F 96365, and the third type is resistant
to LOE 908 and sensitive to SK&F 96365. Based on
pharmacological criteria, these channels are considered to be
NSCC-1, NSCC-2, and SOCC, respectively. Moreover, the
percent contribution of NSCC-1, NSCC-2, and SOCC to the
ET-1-induced arachidonic acid release is calculated to be about
20, 40, and 40%, respectively, of nifedipine-resistant part of
arachidonic acid release caused by 10 nm ET-1 (Figure 5). The
magnitudes of the ET-1-induced arachidonic acid release that
were inhibited by the combined treatment with nifedipine,
SK&F 96365, and LOE 908 were similar to those in the
absence of extracellular Ca>* (Figures lb, 2a). Therefore,
extracellular Ca?* influx through NSCC-1, NSCC-2, and
SOCC plays important roles for ET-1-induced arachidonic
acid release in ICA VSMCs.

EGF stimulates arachidonic acid release (Bonventre ez al.,
1990). Based on the data that ET-1 transactivates EGFR
PTK in VSMCs (Iwasaki et al., 1999; Kawanabe et al., 2002b),
and both EGFR PTK transactivation and arachidonic acid
release by ET-1 are dependent on extracellular Ca®* influx
through NSCC-1, NSCC-2, and SOCC (Kawanabe et al.,
2002b; Figure 5), we hypothesized that EGFR PTK trans-
activation was involved in ET-l-induced arachidonic acid
release. The inhibitory effects of AG1478 on ET-1-induced
arachidonic acid release may be due to its inhibitory effects
on EGFR PTK transactivation, judging from the following
data: (1) AG 1478 is generally accepted as a EGFR PTK
inhibitor (Iwasaki et al., 1999). (2) The ICs, values (around
10 nm) and maximal effective concentration (1 um) of AG1478
for ET-1-induced arachidonic acid release (Figure 3a) were
similar to those for ET-1-induced EGFR PTK transactivation
(Kawanabe et al., 2002b). These results indicate that EGFR
PTK transactivation plays important roles in ET-1-induced
arachidonic acid release. As we mentioned above, extracellular
Ca’" influx through voltage-independent Ca®* channels is
involved in ET-1-induced arachidonic acid release. Modula-
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ET-1-induced arachidonic acid release by cPLA, activation is
dependent on ERK1/2 pathway in VSMCs (Trevisi et al.,
2002). PD 98059 inhibited ET-1-induced arachidonic acid
release (Figure 4). The ICs, values (around 3 um) of PD
98059 for ET-1-induced arachidonic acid release (Figure 4a)
were similar to those for ET-1-induced ERK1/2 activation
(Kawanabe et al., 2002¢c). In contrast, PD 98059 failed to
inhibit ET-1-induced EGFR PTK transactivation (Figure 4b).
These results indicate that ERK1/2 plays some roles in
ET-1-induced arachidonic acid release downstream of
EGFR PTK transactivation in ICA VSMCs. Some reports
demonstrated that extracellular Ca>* influx plays important
roles for phosphorylation and translocation of cPLA, (Craw-
ford & Jacobson, 1998; Fatima et al., 2001). We have
preliminary data that Ca>™ influx through NSCCs and SOCCs
plays important roles for translocation of cPLA,. The effects
of EGFR PTK and ERK1/2 on ET-1-induced phosphoryla-
tion and translocation of cPLA, are now under investigation in
our laboratory.

In summary, extracellular Ca>* influx through voltage-
independent Ca®* channels such as NSCC-1, NSCC-2, and
SOCC plays important roles for ET-1-induced arachidonic
acid release. In addition, EGFR PTK transactivation is
involved in ET-1-induced arachidonic acid release. Finally,
ERK1/2 has important roles in the EGFR PTK transactiva-
tion-dependent component of ET-1 -induced arachidonic acid
release.
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