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Role of reactive oxygen species and nitric oxide in modulation of
endothelin-1-induced beta-myosin heavy chain gene expression in
cardiomyocytes.
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OBJECTIVES: We dissected the molecular
regulatory mechanism of reactive oxygen
species (ROYS) on endothelin-1-
(ET-1)-induced b-myosin heavy chain
(b-MyHC) gene expression and hypertrophic
signaling in neonata rat cardiomyocytes.
BACKGROUND: ET-1 causes hypertrophy
in the cardiomyocytes. Expression of cardiac
b-MyHC gene is increased in response to
ET-1. Our previous study has demonstrated
that ET-1 increases intracellular reactive
oxygen species (ROS) in cardiomyocytes.
However, the intracellular  regulatory
mechanism of ROS on ET-1-induced
b-MyHC gene expresson and cardiac
hypertrophy still remains unclear.
METHODS:  Cultured neonatal  rat
cardiomyocytes were stimulated with ET-1,
®H-leucine incorporation and the b-MyHC
gene promoter activities were examined. We
aso examined the effects of antioxidant
pretreatment on ET-1-induced cardiac
hypertrophy and MAPK activties to elucidate
the redox-sensitive pathway in cardiomyocyte
hypertrophy and b-MyHC gene expression.
RESULTS: >H-Leucine incorporation and
b-MyHC promoter activities were increased
by ET-1. These ET-1 effects were blocked by
the specific ETa receptor antagonist BQ-485.
Cardiomyocytes treated with antioxidants
significantly reduced ET-1-induced
®H-leucine incorporation and b-MyHC gene
promoter  activities. ET-1  activated
mitogen-activated protein kinases (MAPKS;
extracellular signal-regulated kinase [ERK],
p38, and JINK), which were significantly
inhibited by antioxidants. Either PD98059 or



SB203580 inhibited ET-1-increased
3H-leucine incorporation, but only PD98059
decreased ET-1-induced b-MyHC promoter
activities.  Co-transfection of  dominant
negative mutant of Ras, Raf, and MEK1
decreased the ET-1-increased b-MyHC
promoter activities, suggesting that the
Ras-Raf-ERK pathway is required for ET-1
action. Deletion mapping revealed that the
deletion construct containing 273 base pairs
(bp) of b-MyHC 5-flanking sequences
upstream from the transcription initiation site
IS necessary and sufficient for ET-1-induced
increase of transcription, whereas the
construct containing only 188 bp of
5 -flanking region had no effect, indicating
the ET-1-responsive element(s) is located
between position -273 and —188 bp upstream
from the transcription start site. This minimal
construct of 273 bp upstream of transcription
initiation site in the b-MyHC promoter region
Is adso required for ROS-induced b-MyHC

expression.
CONCLUSIONS: These data demonstrate
thata ROS involved in ET-1-induced

hypertrophic responses, b-MyHC expression
and mediated ET-1-induced activation of
MAPK pathways, which culminated in

hypertrophic  responses and b-MyHC
expression. The ROS-MAPK

(ERK)-meditated pathway plays an essential
role in ET-1-induced hypertrophic responses
and b-MyHC expression in cardiomyocytes.
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Endothelin-1 (ET-1), a 21-amino acid
peptide, is the most potent and long-lasting
vasoconstrictor  (1). It is dso a
hypertrophy-promoting factor for various
cells including cardiomyocytes (2). Thereisa
prototypical final molecular response of
cardiomyocytes to hypertrophic signals that
involves an increase in cell size and protein
synthesis, enhanced sarcomere organization,
and re-expression of embryonic cardiac genes,
b-myosin heavy chain (b-MyHC) (3). The

cause and effect of cardiac hypertrophy have
been extensively documented, but the
underlying molecular mechanisms that couple
hypertrophic signals initiated at the cell
membranes to the reprogramming of
cardiomyocyte gene expression remains
poorly understood. Previously, we reported
that ET-1 induced hypertrophic responses by
stimulating b-MyHC gene expression in
cardiomyocytes (4). However, the molecular
mechanism involved in ET-1-induced cardiac
hypertrophy and b-MyHC transcriptional
control are not well defined.

Recent evidence indicates that reactive
oxygen species (ROS) function as
intracellular  messengers to  modulate
signaing pathways (5). ROS encompass
many oxygen species including singlet
oxygen, superoxide, hydrogen peroxide
(H20,) and hydroxyl radicals that are
produced by virtually every type of cell (5).
Cells possess several antioxidant systems,
including cellular reductants, such as
glutathione (GSH), and cellular antioxidant
enzymes, such as catalase, which act against
ROS. Recent studies have revealed that
regulation of the cellular redox state plays an
important role in cellular signaling systems
linked to cell growth and cell differentiation
(5). Excess ROS have been reported to be
involved in pathogenesis of cardiac
hypertrophy (6,7). The involvement of ROS
isimplicated in the transition of compensated
hypertrophy to heart failure (6). In the late
stage of cardiac hypertrophy, ROS appear to
be toxic for myocardium and induce
myocardial dysfunction or injury (7). Cardiac
hypertrophy is an adaptive response of the
heart to virtually all forms of cardiac diseases.
Conversdly, very few studies have evaluated
the molecular mechanism of ROS in the early
stage of cardiac hypertrophy. Of interest, we
(8) and others (9,10) have shown that ET-1
increases intracellular ROS in
cardiomyocytes. Studies have demonstrated
that angiotensin 1l (Ang Il), tumor necross
factor-a and noradrenalin cause hypertrophy
in part via the generation of ROS in
cardiomyocytes (10-11). We also found that
ROS are involved in the Ang Il-induced
b-MyHC gene expression in cardiomyocytes
(12). These studies suggest that ROS are



involved in the hypertrophic signaing.
However, the molecular mechanism of how
ROS are involved in the signaling pathways
of cardiac hypertrophy is not well defined.
Furthermore, the role of redox-sensitive
pathways in ET-1-induced cardiomyocyte
hypertrophy and b-MyHC gene expression
remains to be elucidated.

In this study, we investigated the role
of redox-sensitive  mechanisms  on
ET-1-induced cardiomyocyte hypertrophy
and b-MyHC gene expression. We further
determined which redox-sensitive signa
transduction pathways were involved in this
process. Cardiomyocyte hypertrophy was
monitored by the increase in proten
synthesis and the enhanced expression of
embryonic gene b-MyHC. We show that
ROS involved in ET-1-induced
cardiomyocyte hypertrophy and b-MyHC
gene expression. The ROS- extracelular
signal-regulated kinase (ERK)-meditated
pathway plays an essentiad role in
ET-1-induced hypertrophic responses and
b-MyHC expression in cardiomyocytes.

RESULTS
ET-1-increased °H-leucine incorporation
viaET a receptors

Rat neonatal cardiomyocytes cultured
in serum-free condition were treated with
different concentrations of ET-1 (0.1-100 nM)
for 48 h. The effect of ET-1 on protein
synthesis was analyzed by measurement of
®H-leucine incorporation into the myocytes.
ET-1 increased °H-leucine incorporation in
myocytes (Figure 1A). The effects of ETa or
ETs receptor  antagonist on  the
ET-1-increased protein  synthesis were
investigated (Figure 1B). Pretreatment with
ETa receptor antagonist BQ485 (100 nM) for
30 min dignificantly inhibited the
ET-1-increased  °H-leucine incorporation,
whereas ETg receptor antagonist BQ788 (100
nM) had no obvious effect, indicating that
ET-1-induced increase of protein synthesisin
cardiomyocytes was via ETa receptors.
ET-1-induced b-MyHC gene expression via
ETa receptors

ET-1 has been demonstrated to
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stimulate b-MyHC gene expression in
cardiomyocytes (4). As shown in Figure 2A,
incubation with ET-1 (1, 10, 100 nM)
dose-dependently increases b-MyHC gene
promoter  activities in the cultured
cardiomyocytes. We further determine which
ET-1 receptor subtype is responsible for the
ET-1-induced b-MyHC gene expression. The
effects of ETa or ETg receptor antagonist on
the ET-1-induced b-MyHC gene expression
were investigated (Figure 2B). Pretreatment
of myocytes with BQ485 (100 nM) but not
BQ788 (100 nM) abolished ET-1-induced
b-MyHC gene expression (Figure 2B). These
data indicate that ET-1 increases b-MyHC
gene expression via ETp receptors.

Redox regulation  of ET-1-induced
hypertrophic responses and b-MyHC gene
promoter activitiesin cardiomyocytes

To unravel the role of ROS in
modulation of ET-1-induced hypertrophic
responses, we examined the effect of
antioxidants on cardiomyocyte hypertrophy
induced by ET-1. As shown in Figure 3A,
cells exposed to ET-1 (10 nM) or H,O, (25
uM) for 48 h, >H-leucine uptake was
increased by 2.0 + 0.5- and 1.6 £ 0.5-fold (n
= 5) over the basal, respectively, and inhibited
by antioxidants NAC (10 mM), catalase (350
U/mL), or the NADH/NADPH oxidase
inhibitor diphenyleneiodonium (DPI; 10 uM),
respectively. To further determine whether the
antioxidants  affect the ET-1-induced
b-MyHC gene expression, either cataase
(350 U/ml) or NAC (10 mM) was pretreated
before ET-1 stimulation. As demonstrated in
Figure 3B, neither catalase nor NAC had any
effect on the basal b-MyHC promoter activity.
However, cardiomyocytes treated with ET-1
(20 nM) or H;O; (25 nM) for 48 h led to a
2.3- and 1.9-folds increase in CAT activity
respectively, as compared to control
unstimulated cells. In the presence of catalase
or NAC, ET-1-induced b-MyHC promoter
activities were significantly inhibited. These
data clearly indicate that ROS involved in
ET-1-induced hypertrophic responses and
b-MyHC gene expression.



ET-1-induced protein synthesis and
b-MyHC expression are mediated via
the Ras/Raf/ERK pathway

To define the mechanism of how ROS
modulate  hypertrophic  signaling, we
examined the effects of antioxidants on
ET-1-induced MAPK activity. ERK was
rapidly activated in cardiomyocytes exposed
to ET-1 (10 nM) or H»0, (25 nM), consistent
with previous reports (9). The ERK
phosphorylation was observed at 30 min after
exposure, and the -fold increase over the
basal was 11.4 + 2.2 (ET-1) or 10.7 = 1.9
(H20y,), respectively (Figure 4A, n = 4). Two
subfamily members of the MAPK family, p38
and INK were also activated by ET-1 or H,O,
but to a lesser degree than that of ERK
activation. In the presence of 10 nM ET-1,
the increase (-fold) in p38 and JNK activity
was 2.9 + 0.6 and 3.7 £ 0.6, respectively
(Figure 4B and 4C, n = 4). Similar increased
effects were also observed in the cells treated
with 25 pM H,0,. All the increased activities
of ERK, p38, or JNK induced by ET-1lwere
significantly suppressed by catalase or NAC
treatment (Figure 4A, 4B and 4C). These
findings suggest that ERK, p38, and JNK are
critical components of the redox-sensitive
signaling pathways activated by ET-1 in
cardiomyocytes. We next determined the role
of redox-sensitive activation of MAPK in
ET-1-induced protein synthesis. Both
PD98059, a specific inhibitor of MKK-1
(MEK), and SB203580, a specific inhibitor of
p38, inhibited augmentation of *H-leucine
incorporation into the myocytes after ET-1
stimulation.  (Figure 4D).  Surprisingly,
coincubated with PD98059 but not SB203580
abolished ET-1-increased b-MyHC promoter
activity (Figure 5E). These findings suggest
that activation of ERK is a necessary step for
cardiomyocyte hypertrophy and b-MyHC
gene expression induced by ET-1. In order to
identify the signaling pathway involved in the
ET-1-induced b-MyHC expression, we
transient transfected cardiomyocytes with
various dominant negative mutant, Ras
(RasN17) or Raf-1 (Raf301) or a catalytically
inactive mutant of ERK2 (mERK), all of
which are associated with the Ras/Raf/ERK
pathway. When cardiomyocytes cotransfected
with the empty vector control PSRa reveaed

no effect on ET-1-induced b-MyHC promoter
activity (Figure 4F). However, cdls
cotransfected with RasN17, Raf301 or mERK
resulted in a significant inhibition in
ET-1-induced b-MyHC promoter activity. In
contrast, cardiomyocytes cotransfected with a
dominant positive mutant of Ras (RasL61) or
MEK1 greatly increased their b-MyHC
promoter activity. These results suggest that
the RasgRaf/ERK signaing pathway is
involved in ET-1-induced b-MyHC gene
expression in cardiomyocytes.
Localization of ET-1- or ROS-responsive
regulatory elements in the b-MyHC
promoter

To locdlize the 5’ cis-acting elements
in regulating the induction of the b-MyHC
gene by ET-1, a series of recombinant
plasmids containing upstream promoter
deletion mutants linked to the CAT reporter
gene were transfected into cardiomyocytes,
and subsequently analyzed for CAT activities
in the presence or absence of ET-1. At basal
transcription, deletion mapping revealed the
presence of a strong negative element in the
region (-492/-273) of the b-MyHC promoter
(Figure 5A). All the fusion plasmids
containing -865/+77, —492/+77, or —273/+77
of the b-MyHC 5'-flanking sequences
significantly enhanced CAT activity in
response to ET-1 (1.9-, 2.1-, and 2.2-fold
induction respectively), whereas deletion up
to —188 bp from the start site failed to
respond to ET-1 stimulation (Figure 5A).
These results suggest the presence of
ET-1-responsive  cisacting regulatory
element(s) is located between positions —273
and —188 bp upstream from the transcription
start site. To further confirm whether ROS
mediated ET-1-induced b-MyHC gene
expression in the transcription regulation
level, a plasmid containing a 273-base pair
region 5’ of the start site in a CAT reporter
construct was cotransfected with pSV-
‘-galactosidase into cardiomyocytes.
b-MyHC promoter activities were increased
in cardiomyocytes exposed to ET-1 (10 nM)
or H,0; (25 nM). On the contrary, ET-1 (10
nM) or H>O; (25 nM) failed to increase the
promoter activities of b-MyHC with the
minimal construct (-188/+77) (Figure 5B).



These results suggested the presence of an
ET-1- or ROS-responsive regulatory element
within the 273 bp.

DISCUSSION

In the present study, we demonstrated
the roles of ROS-activated MAPK in
ET-1-induced cardiomyocyte hypertrophy
and b-MyHC gene expression. We showed
that ROS mediate ET-1-induced b-MyHC
gene expression and  cardiomyocyte
hypertrophy via the activation of ERK
phosphorylation in cultured cardiomyocytes.
Generation of ROS by ET-1 leads to the
activation of ERK, which results in cardiac
hypertrophy and b-MyHC gene expression.

In the present work, we provide
evidence for a role of myocardia ETa
receptors in ET-1-induced b-MyHC gene
expression and cardiomyocyte hypertrophy
(Figure 1 & 2). These findings are consistent
with previous study that ET-1-induced
hypertrophic responses were completely
blocked by pretreatment with ET antagonist,
but not by ETg antagonist (2). Recently, it has
become apparent that ROS play arole in the
stress-induced signal transduction pathway
(15). We and others have shown that ET-1
generates ROS in cardiomyocytes (8-10). Our
previous work found that ET-1 increased
intracellular ROS wvia ETa receptor in
cardiomyocytes (8). In the present study, we
also observed that antioxidants abolished the
increases in protein synthesis and the
induction of b-MyHC gene by ET-1. These
results suggested that ET-1 causes
hypertrophy via generation of ROS in
cardiomyocytes. Thus we can propose that
ROS generation modulate ET-1-induced
b-MyHC gene expression and cardiomyocyte
hypertrophy via ET A receptors.

Severd intracellular signaling
pathways have been implicated in the
induction of cardiac hypertrophy including
MAPKSs signaling cascade. By using western
blotting, ET-1-stimulated ERK1/2, INK and
p38 phosphorylation were suppressed by
antioxidants (Figure 4A, 4B, and 4C). These
data support the hypothesis that ROS regulate
hypertrophic signaling a least in part by
modulating the activities of ET-1-dependent
MAPK pathways in cardiac myocytes. Yue et

al. (16) reported that the ERK signal pathway,
which is redox-sensitive (9,12), plays an
essential role in ET-1-induced cardiomyocyte
hypertrophy. Recently, Hirotani et a (10)
found that ROS-activated  apoptosis
signal-regulated kinase 1 functions as a
stress-adaptation signaling intermediate to
activate MKK7-INK and MKK3/6-p38
pathways (17), upstream activators for p38
(18) and IJNK (19), which culminantly elicit
characteristic  hypertrophic responses in
cardiomyocytes. In this study, inhibition of
endogenous ERK or p38 by PD98059 or
SB203580 suppressed ET-1-increased protein
synthesis in cardiac myocytes. PD98059 or
SB203580 at 20 pmol/L, which fully inhibits
the endogenous ERK or p38 activity (Figure
4A and 4C). However, only PD98059 but not
SB203580 could inhibit ET-1-induced
b-MyHC gene expression. These data agree
with a previous study that blockade of ERK
activation inhibits ET-1-induced expression
of b-MyHC in myocytes (16). A number of
transcription factors have been identified as
effectors of hypertrophic stimuli in driving
fetal cardiac genes. Given the complexity and
heterogeneity of transcriptiona activation in
response to hypertrophic stimuli, both
integrated and parallel  hypertrophic
transcriptional response pathways operate to
control hypertrophic gene expression. The
potential interaction of the cardiotrophic
transcription factors in the regulation of
b-MyHC gene expression remans to be
elucidated. Raf and ERK cascades are
reported to mediate ET-1-induced
cardiomyocyte hypertrophy (2, 20). Ras, the
small GTP-binding protein, is known to be
involved in mediating the effects of ET-1 in
several cell types including cardiomyocytes
(8). In order to identify the signaling pathway
involved in the ET-1-induced b-MyHC
expression in cardiomyocytes, cotransfection
with various dominant positive or negative
mutants of Ras, Raf or ERK confirm that the
Ras/Raf/ERK signaling pathway is involved
in ET-1-stimulated b-MyHC expression in
cardiomyocytes (Figure 4E). The data are in
agreement with that obtained with selective
Raf or MEK inhibitors, indicating that the
Raf/MEK/ERK pathway plays a critical role
in myocyte hypertrophy (16). Taken together,



we conclude that ROS modulation of MAPKs
activation exert a regulatory effect in
ET-1-induced cardiomyocyte hypertrophy.
This finding not only confirms a heretofore
appreciated function of ROS in MAPKs
activation and modulation the subsequent
development of cardiac hypertrophy but also
unravels a unique mechanism for the
regulation of b-MyHC gene by ERK, which
may have significant implications in the
pathophysiology of heart failure.

The a- and b-MyHC genes are
tandemly linked and regulated independently.
Previous study indicates that putative
regulatory sequencesin the 5’ -flanking region
situated within 600 nucleotides upstream of
the putative TATA box (21). The
recombinant construct —1306/+77 contains
the entire necessary promoter region that are
sufficient for regulation of the b-MyHC gene
expression by ET-1. As shown in Figure 5A,
deletion series demonstrate that the strongest
basal activity for the b-MyHC gene promoter
was associated with the —273/+77 construct.
A sharp increase in basal activity is observed
upon removal of —492 to —273 region. This
suggests the existence of a negative cis-acting
regulatory element within this region that
appears to be involved in determining the
development-specific  expression of the
b-MyHC gene. However, regardless of the
presence of a repressor, deletion mapping
revealed constructs containing —1306, -865,
-492 or 273 bp alowed ET-1-induced
transcription, whereas deletion
containing —188 bp from the start site failed
to respond to ET-1 induction, indicating the
presence of ET-1-responsive cisacting
regulatory element(s), located between
position —273 and —188 bp upstream from the
transcription initiation site. This specific
upstream sequence between —273 and —188
bp required for induction of b-MyHC gene by
ET-1 corresponds to the region previously
identified which contains a GATA motif
at —269 to —264 bp (22) and a PKC response
element at —215 to —196 bp (23). Previous
studies have shown that inhibition of the
ERK cascade with PD98059 blocked the
phenylephrine-induced increase in the
phosphorylation and the DNA binding ability
of GATA protein (24). As shown in Figure

3B, both catalase and NAC inhibit ET-1- and
H,O2-induced b-MyHC promoter activity,
rasing the possbhility thaa ROS via
influencing ERK cascade could affect GATA
protein to stimulate the gene expression. The
molecular mechanism by which ET-1 through
ROS in regulating b-MyHC gene expression
remains to be investigated.

In our studies, antioxidants inhibit the
effects of ET-1 on the activation of MAPKs
signaling system. It is plausible that the ET-1
signaling pathway consists of redox-sensitive
steps and that pretreatment with antioxidants
could modulate the redox state of the cell. In
summary, our data showed that antioxidants
inhibit  ET-1-induced b-MyHC gene
expression and cardiomyocyte hypertrophy at
least in pat via the suppression of
ET-1-activated ERK phosphorylation in a
transcription-independent manner. These
findings implicate the application of
antioxidants in prevention of pathologic
hypertrophy of the heart and protection of
cardiac function.
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Figure 1. ET-1 increased protein synthesis
via ETa in cardiomyocytes. (A)
ET-1l-induced *H-leucine incorporation into
cardiomyocytes.  Cardiomyocytes  were
cultured in 6-well plates and in serum-free
medium for 24 h prior to the stimulation with
different concentrations of ET-1 (0.1-100 nM)
for 48 h. (B) ET-l-induced °*H-leucine
incorporation into cardiomyocytes via ET in
cardiomyocytes.  Cardiomyocytes  were
cultured in 6-well plates and in serum-free
medium for 24 h prior to the stimulation with
ET-1 (10 nM) for 48 h in the presence of
vehicle (control) or antagonists as indicated.
3H-Leucine was added at 1 uCi per well. The
cells were washed, fixed with cold 5%
trichloroacetic acid, and the radioactivity
incorporated  into  the trichloroacetic
acid-precipitable material was determined.
The data are mean * SEM of five
independent  studies. * P<0.05 vs. control;
#P<0.05vs. ET-1 aone.
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Figure 2. Effect of ET-1 on b-MyHC
promoter activity. (A) Induction of b-MyHC
promoter activity by different concentration
of ET-1 (1, 10, 100 nM). Cardiomyocytes
were transfected with 15 ng of b-MyHCCAT
chimeric gene for 24 h. After transfection,
cardiomyocytes were then treated with ET-1
for 48 h. (B) Effect of ET-1 receptor
antagonists on ET-1-induced b-MyHC gene
expression. Cardiomyocytes were pretreated
with either BQ485 (100 nM) or BQ788 (100
nM) for 30 min and then stimulated with
ET-1. Cells were harvested and CAT
activities were measured as described in
Methods. C (control), no drugs, CAT2 and
CAT3 are shown as positive and negative
control. CAT activities represent the folds of
induction in the treated cells compared with
those in untreated controls after normalizing
to that of b-gaactosidase activities. The
results are show as mean + SEM from three
independent experiments. * £<0.05 vs. control;
#P<0.05Vvs ET-1 alone.



WO POl e }

§ oomtral’

N

'i}iii}'iil

.y, HUO

H - lewie

— ET-1—

B a B ®
*Ssspeeees
: II i .'\"'.. +
= |._|_| _|. e HL,
Figure 3. ROS mediated ET-1-induced

hypertrophic responses. (A) Inhibition by
antioxidants of ET-1-stimulated protein
synthesis in cardiomyocytes. Cardiac
myocytes plated in 6-well plates and
maintained in serum-free medium for 24 h
were treated with vehicle (basal) or ET-1 (10
nM) in the presence or absence of
antioxidants for 48 h. The data are mean +
SEM of five independent studies. (B)
Antioxidants inhibit ET-1-induced b-MyHC
promoter activity. Cardiomyocytes were
transfected with 15 mg of b-MyHCCAT
chimeric gene for 24 h. Some cells were
pretreated with either NAC or catalase for 30
min. Cardiomycytes were then treated with
ET-1 (10 nM) for 48 h. H,O; (25 M) treated
cells (column 7) are shown as positive
controls. Results are shown as mean + SEM
from three independent experiments. * £<0.05
vs. control; #/<0.05 vs ET-1 aone.
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Figure 4. ET-1-induced protein synthesis and
b-MyHC gene expression via ERK by a
redox-sensitive manner. (A) Through (C)
ET-1-induced activation of ERK, JNK, and
p38 was mediated by ROS-sensitive pathway.
Cells were preincubated with either the
catalase (350 U/ml), or NAC (10 mM) for 30
min and then stimulated with ET-1 (10 nM)
oo H)O, (25 m M) for 30 min.
Phosphorylation of ERK, JNK, or p38 was
detected by Western blotting using
phospho-ERK, phospho-JNK, and
phospho-p38 antibodies as described in
Methods. Both catalase and NAC inhibited
ET-1-induced activation of ERK, JNK, or
p38. Phosphorylations of ERK, JNK, or p38
were detected, and densitometric analyses
were performed. Data are represented as fold
increase relative to control groups. Results
are shown as mean + SEM from four
independent experiments. * £<0.05 vs control;
#P<0.05 vs ET-1 (or H,O,) aone. (D) Either
PD98059 or SB203580 inhibited
ET-1-stimulated protein  synthesis in
cardiomyocytes. Cardiac myocytes plated in
6-well plates and maintained in serum-free
medium for 24 h were treated with vehicle
(basal) or ET-1 (10 nM) in the presence or
absence of PD98059 (PD; 20 upM) or
SB203580 (SB; 20 uM) for 48 h. The data are
mean + SEM of five independent studies. (E)



ET-1-increased b-MyHC promoter activity

was inhibited by PD98059 in cardiomyocytes.

Cardiomyocytes were stimulated with ET-1
(10 nM) in the presence of PD98059 (PD; 20
puM) or SB203580 (SB; 20 uM), and CAT
activity was assayed after 48 h. (F)
ET-1-increased b-MyHC promoter activity
via Ras/Raf/ERK pathway in cardiomyocytes.
Cels were transfected with either
pSRa-empty vector (5 ng), or an expression
plasmid encoding the dominant negative
mutant mERK, Raf301, or RasN17 (5 ny),
was cotransfected with 15 ng of b-MyHC
CAT plasmid. Cells cotransfected with an
expression plasmid encoding MEK1 (5 ng)
or RasL61 (5 mg) were used as positive
controls. The above experiments were

repeated three times with reproducible results.

The results are show as mean + SEM.
* P<0.05 vs. control; #P<0.05 vs. ET-1 alone.
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Figure 5. Locdization of ET-1- or
ROS-responsive elements in  b-MyHC
promoter. (A) A series of deletion mutants of
b-MyHC promoter gene plasmids were
cotransfected into cardiomyocytes.
Transfected cells were stimulated with ET-1
(10 nM) for 48 h, and CAT activities were
measured. Results are shown as means *
SEM from three separate experiments. (B)
Localization of the b-MyHC promoter region
responses to ET-1 or H,O; in cardiomyocytes.
Cardiomyocytes were transiently transfected
with the b-MyHC CAT constructs (-273CAT
or -188CAT) and treated with 10 nM ET-1 or
25 mM H,0, for 48 h as described before.
Results are shown as means + SEM from four
separate experiments. * £<0.05 vs. control.
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