
Endothelin-1 is an autocrine/paracrine factor in the mechanism
of angiotensin II-induced hypertrophy in cultured rat
cardiomyocytes.

H Ito, … , F Murumo, M Hiroe

J Clin Invest. 1993;92(1):398-403. https://doi.org/10.1172/JCI116579.

To elucidate the cellular mechanism by which angiotensin II (ANG II) induces cardiac hypertrophy, we investigated the
possible autocrine/paracrine role of endogenous endothelin-1 (ET-1) in ANG II-induced hypertrophy of neonatal rat
cardiomyocytes by use of synthetic ET-1 receptor antagonist and antisense oligonucleotides to preproET-1 (ppET-1)
mRNA. Northern blot analysis and in situ hybridization revealed that ppET-1 mRNA was expressed in cardiomyocytes,
but, to a lesser extent, in nonmyocytes as well. ANG II upregulated ppET-1 mRNA level by threefold over control level as
early as 30 min, and it stimulated release of immunoreactive ET-1 from cardiomyocytes in a dose- and time-dependent
manner. ET-1 stimulated ppET-1 mRNA levels after 30 min in a similar fashion as ANG II. Tetradecanoylphorbol-acetate
(10(-7) M) mimicked the effects of ANG II and ET-1 on induction of ppET-1 mRNA. ANG II-induced ppET-1 gene
expression was completely blocked by protein kinase C inhibitor H-7 or by down-regulation of endogenous protein kinase
C by pretreatment with phorbol ester. ET-1 and ANG II stimulated twofold increase [3H]leucine incorporation into
cardiomyocytes, whose effects were similarly and dose dependently inhibited by endothelin A receptor antagonist
(BQ123). Introduction of antisense sequence against coding region of ppET-1 mRNA into cardiomyocytes resulted in
complete blockade with ppET-1 mRNA levels and [3H]leucine incorporation stimulated by ANG II. These results suggest
that endogenous ET-1 locally generated and […]

Research Article

Find the latest version:

https://jci.me/116579/pdf

http://www.jci.org
http://www.jci.org/92/1?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
https://doi.org/10.1172/JCI116579
http://www.jci.org/tags/51?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
https://jci.me/116579/pdf
https://jci.me/116579/pdf?utm_content=qrcode


Endothelin-1 Is an Autocrine/Paracrine Factor in the Mechanism
of Angiotensin Il-induced Hypertrophy in Cultured Rat Cardiomyocytes

Hiroshi Ito, Yukio Hirata, Susumu Adachi, Masato Tanaka, Motoyoshi Tsujino,
Akira Koike, Akihiko Nogami, Fumiaki Marumo, and Michiaki Hiroe
Second Department of Internal Medicine, Tokyo Medical and Dental University, Tokyo 113, Japan

Abstract

To elucidate the cellular mechanism by which angiotensin II
(ANG II) induces cardiac hypertrophy, we investigated the pos-
sible autocrine/paracrine role of endogenous endothelin-1
(ET-1) in ANGII-induced hypertrophy of neonatal rat cardio-
myocytes by use of synthetic ET-1 receptor antagonist and an-
tisense oligonucleotides to preproET-1 (ppET-1) mRNA.
Northern blot analysis and in situ hybridization revealed that
ppET-1 mRNAwas expressed in cardiomyocytes, but, to a
lesser extent, in nonmyocytes as well. ANGII upregulated
ppET-l mRNAlevel by threefold over control level as early as
30 min, and it stimulated release of immunoreactive ET-1 from
cardiomyocytes in a dose- and time-dependent manner. ET-1
stimulated ppET-1 mRNAlevels after 30 min in a similar fash-
ion as ANGII. Tetradecanoylphorbol-acetate (lo-7 M) mim-
icked the effects of ANGII and ET-1 on induction of ppET-1
mRNA. ANGII-induced ppET-1 gene expression was com-
pletely blocked by protein kinase C inhibitor H-7 or by down-
regulation of endogenous protein kinase Cby pretreatment with
phorbol ester. ET-1 and ANGII stimulated twofold increase
I13Hlleucine incorporation into cardiomyocytes, whose effects
were similarly and dose dependently inhibited by endothelin A
receptor antagonist (BQ123). Introduction of antisense se-
quence against coding region of ppET-l mRNAinto cardio-
myocytes resulted in complete blockade with ppET-l mRNA
levels and 13Hlleucine incorporation stimulated by ANGII.
These results suggest that endogenous ET-l locally generated
and secreted by cardiomyocytes may contribute to ANGII-in-
duced cardiac hypertrophy via an autocrine / paracrine fashion.
(J. Clin. Invest. 1993.92:398403.) Key words: preproendoth-
elin-l mRNA* neonatal rat cardiomyocytes * endothelin A re-
ceptor antagonist * antisense nucleotides

Introduction

Endothelin-1 (ET-1)' is a 21-residue vasoconstrictor/vaso-
pressor peptide originally characterized from the supernatant
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1. Abbreviations used in this paper: ANGII, angiotensin II; Ara C,
cytosine arabinoside; ET- 1, endothelin- 1; ET- 1 -LI, ET- l-like immuno-
reactivity; ETA, endothelin A; GADPH, glyceraldehyde-3-phosphate
dehydrogenase; NMCs, nonmyocytes; PKC, protein kinase C; ppET- 1,
preproET-1; SSPE, 0.75 MNaCl/0.05 MNaH2PO4/0.005 MEDTA;
TPA, 12-0-tetradecanoylphorbol- 1 3-acetate.

of cultured porcine aortic endothelial cells ( 1). This endothe-
lium-derived vasoconstrictive peptide has also been found to
be a growth factor in a variety of mammalian cells including
vascular smooth muscle cells (2) and fibroblasts (3). Wehave
recently demonstrated that ET- 1 induces hypertrophy of car-
diomyocytes in vitro, associated with the induction of muscle
specific genes (myosin light chain 2, a-actin, and troponin I)
and a protooncogene (c-fos) (4). Other investigators have also
shown that ET- 1 is a potent growth factor for cardiomyocytes
(5, 6). Therefore, it is suggested that ET- 1 may play an impor-
tant role in the pathogenesis of cardiac hypertrophy associated
with various cardiovascular diseases.

ET- 1 is produced not only by vascular endothelial cells, but
also by a variety of nonendothelial cells, such as vascular
smooth muscle cells (7), renal epithelial cells (8), glomerular
mesangial cells (9), and certain cancer cell lines (10). It has
recently been reported that preproET- 1 (ppET- 1) mRNAis
detected in a variety of rat tissue including heart ( 11). How-
ever, no information has yet been available whether ET- 1 is
produced by cardiomyocytes and acts by themselves in an au-
tocrine and/or paracrine manner.

Angiotensin II (ANG II), on the other hand, is a potent
vasoconstrictor hormone that is also involved in cardiac hyper-
trophy in vitro (12) as well as in vivo (13). To elucidate
whether endogenous ET- 1 is involved in the mechanism by
which ANGII induces cardiac hypertrophy, we investigated
the possible autocrine/paracrine role of ET- 1 in ANGII-in-
duced hypertrophy by use of a synthetic endothelin A (ETA)
receptor antagonist and antisense oligonucleotides to ppET- 1
mRNAin cultured neonatal rat cardiomyocytes.

Methods

Drugs and cDNAs. The following drugs were used: synthetic ET-1,
angiotensin II (ANG II) (Peptide Institute, Osaka, Japan), 12-O-tetra-
decanoylphorbol-1 3-acetate (TPA), cytosine arabinoside (Ara C)
(Sigma Immunochemicals, St. Louis, MO), 1-(5-isoqinolinylsulfonyl-
2-methylpiperazine (H-7) (Seikagaku Kogyo Co., Tokyo), deoxycyti-
dine 5'-[a-32P]triphosphate, and [3Hjleucine, (Amersham, Japan,
Tokyo). BQ123 ( 14) and DuP753 ( 15) were provided by Banyu Phar-
maceutical Co. Ltd. (Tokyo). cDNA for rat preproendothelin-l
(ppET-l) and glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
used for probes were generously provided by Dr. T. Masaki (Kyoto
University, Kyoto, Japan) and Dr. K. Webster (SRI International,
Menlo Park, CA), respectively.

Cell culture. Primary culture of neonatal rat cardiomyocytes was

prepared by the method originally described by Simpson (16) with
minor modifications ( 17 ). Briefly, the hearts from 1- or 2-d-old Wistar
rats (Japan Laboratory Animals, Tokyo) were minced and dissociated
with 0.1% trypsin. After dispersed cells were incubated on 100-mm
culture dishes (Falcon Labware, Becton Dickinson & Co., Oxnard,
CA) for 60 min at 37°C in 5%CO2incubator, nonattached viable cells
were collected and seeded into 60-mm dishes (2 x 106 cells/dish) or
24-well plates (0.5 X 106 cells/well). In certain experiments, we pre-
pared cultures of almost pure cardiomyocytes by use of cytosine ara-

binoside ( l0 - M, 48 h), which preferentially reduces the proportion of
nonmyocytes (NMCs) (17). Cultures of nonmyocytes were prepared
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as described ( 17). Cells were incubated in MEMsupplemented with
5%calf serum for 48 h and then replaced with MEMplus 1%serum 24
h before experiments. To downregulate endogenous protein kinase C
(PKC), cardiomyocytes were pretreated with 10' MTPA for 24 h
before exposure to ANGII.

Northern blot analysis. Total RNAof neonatal rat cardiomyocytes
was isolated by guanidine thiocyanate and centrifuged through a 5.7 M
CsCI cushion ( 18 ). RNAwas size-fractionated through a 1.4% agarose
gel in 0.7 M formaldehyde and 20 mMmorpholinopropanesulfonic
acid/5 mMsodium acetate/ 1 mMEDTA. Northern blot hybridiza-
tion were performed with the hybridization buffer containing 50%
formamide, 5X Denhardt's solution, 100 yg/ml salmon sperm DNA,
and 5X SSPE(0.75 MNaCI/0.05 MNaH2PO4/0.005 MEDTA). 32p_
labeled cDNA probes were prepared by the random primer method
( 19). The membranes (Magnagraph nylon; Micron Separations Inc.,
Westborough, MA) were washed twice with 5X SSPE/10% SDS at
room temperature, twice with I x SSPE/ 10%6 SDS, and once with 0.1 X
SSPE/ 10%SDSat 370C for 15 min each. If the background radioactiv-
ity remained high, further washing was performed with 0.I X SSPE/
10% SDSat 60'C for 15 min. Autoradiography was performed on a

Fuji RX film with an intensifying screen at -80'C. Autoradiograms
were quantitated by densitometry (model GS 370; Hoefer Scientific
Instruments, San Francisco, CA). Results were normalized to GAPDH
expression.

In situ hybridization. Antisense and sense single-strand cRNAs
were synthesized from cDNA fragment encoding rat ppET-l sub-
cloned into pBluescript II (Stratagene, La Jolla, CA) in the presence of
digoxigenin labeled UTP (Boehringer Mannheim Biochemicals, In-
dianapolis, IN). The cardiomyocytes plated (Tissue Culture
Chambers; Nunc Inc., Roskilde, Denmark) were fixed in 4%parafor-
maldehyde plus 0.5% glutaraldehyde in PBS, pH 7.4, and incubated
with proteinase K (100 ,g/ml, Boehringer Mannheim Biochemicals)
in 100 mMTris HC1, pH 7.6, for 10 min at room temperature. The
hybridization buffer contained 0.6M NaCl, 1 mMEDTA, 10 mMTris
HCl, pH 7.6, 10% dextran sulfate, 0.25% SDS, 100 ug/ml transfer
RNA, lx Denhardt's solution, 50% (vol/vol) deionized formamide,
and labeled denatured probe. Hybridization buffer was applied to each
section, followed by incubation in a moist chamber for 16 h at 50°C.
Samples were then incubated with 20 gg/ml RNase A (Boehringer
Mannheim Biochemicals) for 30 min at 37°C, followed by washing
once with 2X SSCplus 50% formamide for 30 min at 50°C, and twice
with 0.2x SSCfor 30 min at 50°C. For immunological detection, DIG
Nucleicacid Detection Kit from Boehringer Mannheim Biochemicals
was used.

RIA. ET-l-like immunoreactivity (ET-1-LI) in media was deter-
mined by specific RIA for ET- I as recently reported (20). The polyclo-
nal antibody used cross-reacted fully with ET- 1, 2%with big ET- 1, and
less than 0.1% with ET-2 and ET-3. In brief, 0.1 ml standard and sam-
ple and 0.1 ml antibody (final dilution, 1:150,000) were preincubated
at 4°C for 24 h, followed by the addition of 0.1 ml [ '25I ] ET- l (specific
activity: 2,000 Ci/mmol) (Amersham Japan) and further incubated
for 48 h. Separation of the bound from free ligand was accomplished by
the double antibody method. The sensitivity of ET-l RIA was I fmol/
tube, and the 50% intercept was 14 fmol/tube. The intra- and interas-
say coefficients of variations were 6.9 and 7.3%, respectively. Release of
ET-1-LI was expressed as fixed number of cardiomyocytes ( 106 cells)
as measured by Coulter counter (Coulter Corp., Hialeah, FL).

Incorporation of[3H] leucine. Protein synthesis by cardiomyocytes
was evaluated by incorporation of [3H]leucine into cells as reported
(4). Cardiomyocytes (2 X 105 cells) were incubated with or without
test compounds for 20 h in the medium supplemented with 1% calf
serum and further incubated for 4 h with 0.5 gCi [3H]leucine. At the
end of labeling, cultures were rinsed three times with ice-cold PBS, and
incubated with 5%TCAon ice for 20 min. After the cells were washed
twice with ice-cold 5%TCA, they were solubilized in 0.5 NNaOH. An
aliquot of TCA-insoluble materials was neutralized and radioactivity
was determined by a liquid scintillation counter (model 460CD; Pack-
ard Instrument Co., Inc., Meriden, CO).

Antisense oligonucleotides. Antisense oligonucleotides against the

first 15 nucleotides of the coding region of rat ppET- I including AUG
codon (3TACCTAATAAAAGGG5')were synthesized by a DNAsyn-
thesizer (model 391; Applied Biosystems, Tokyo) and purified over a
OPCcolumn (Applied Biosystems). Mismatch oligonucleotides at
three nucleotides (3TACTIAATACAATGG5') were similarly synthe-
sized. Cells were incubated with antisense or mismatch oligonucleo-
tides for 24 h before treatment with ANGII.

Statistical analyses. One-way ANOVAand multiple comparison
methods by Scheffe were used for statistical analyses. P < 0.05 was
considered significant.

Results

As shown in Fig. 1, abundant amount of ppET-l mRNAwas
detected in cultured neonatal rat cardiomyocytes incubated
with MEMfor 24 h. ANG11 ( 10-6 M) upregulated ppET-I
mRNAlevel by approximately threefold over control level as
early as 30 min. ppET-I gene expression then returned to basal
level after 2 h and remained constant during 24 h. ET- I ( I0-7
M) also transiently increased the expression of ppET- 1 in a
similar fashion as ANGII. TPA ( lo- M) mimicked the effects
of ANGII and ET-l on induction of ppET-I mRNA.To ascer-
tain that cardiomyocytes indeed express ppET-I mRNA, we
performed in situ hybridization using digoxigenin-labeled
cRNA sense and antisense probe for ppET- 1. The antisense-
probe for ppET- 1 strongly hybridized with cardiomyocytes and
with NMCsas well (Fig. 2). Northern blot analysis using cul-
tures of Ara C-treated cardiomyocytes and NMCsrevealed that
ppET- 1 mRNAlevel in NMCswas lower than that in cardio-
myocytes (Fig. 3).

ANG11 ( 10 -6 M) stimulated ET- 1-LI release from cardio-
myocytes as early as 60 min and further increased during 24 h
(Fig. 4 A). ANGII dose dependently ( 10 8 M-10-6 M) stimu-
lated ET-1-LI release during 24 h-incubation (Fig. 4 B).

The ANGII-induced ppET-1 gene expression was com-
pletely blocked by a PKCinhibitor H-7 ( I0-5 M), or by down-
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Figure 1. Induction of ppET- I mRNAby ANGII, ET-1, and TPA as

a function of time. Neonatal rat cardiomyocytes were exposed to
ANGII ( 10-6 M), ET-l ( I0-7 M), or TPA ( 10-7 M) for indicated
times. Northern blot hybridization (7 ,ug of total RNA/each lane)
were performed using 32P-labeled rat ppET-I or GAPDHcDNA as

probes. Exposure time: 72 to 120 h for ppET- I and 24 h for GAPDH.
The autoradiograms were quantitated by densitometry, and the tran-
script levels are shown at the top.
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Figure 2. The light micrographs of in situ hybridization on cultured rat cardiomyocytes. The cells were hybridized with sense (left panel) and
antisense (right panel) cRNAprobes for ppET-1. Note the positive staining with antisense probe and the negative staining with sense probe
used as control. x200.

regulation of endogenous PKC by pretreatment with TPA
(l1O- M) (Fig. 5).

Wenext examined the effects of ETA receptor antagonist
(BQ123) on ppET-l mRNAlevels stimulated by ET-1 and
ANGII. The ET-1-stimulated ppET-1 gene expression was

completely blocked by BQ123 ( l0-5 M), whereas ANGIl-in-
duced expression of ppET- 1 was unaffected by BQ123 (Fig. 6).
The effects of BQ123 on ET- 1- and ANGII-induced protein
synthesis in rat cardiomyocytes were then examined (Fig. 7).
Both ET-l (o0-8 M) and ANG II (10-v M) stimulated
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18SN* *PPET-l

** 4GAPDH

Figure 3. ppET- I
mRNAlevels in cardio-
myocytes and non-
myocytes. To eliminate
the contamination of
nonmyocytes, cultures
of cardiomyocytes were
pretreated with Ara C
(l 0-5 M) for 48 h. Cul-
tures of nonmyocytes
were prepared as de-
scribed in the text.
Northern blot hybrid-
ization (7 ug of total
RNA/each lane) was
performed as in Fig. 1.
Exposure time: 120 h
for ppET- I and 24 h for
GAPDH.
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Figure 4. Effect of ANG
II on release of immu-
noreactive ET-l from
cultured rat cardiomyo-
cytes. (A) Time course:
Cells were treated with
(.) or without (in) ANG
II ( 10-7 M) for indi-
cated times. (B) Dose
response: Cells were
treated with a variety of
dose (10 9-10 -6 M) of
ANGII for 24 h. ET-l-
LI was measured by
RIA. Each point repre-
sents mean of four ex-
periments; bars show
SEM.
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Figure 5. Effect of PKCinhibitor and depletion of endogenous PKC
on ANGII-stimulated ppET- I mRNA. Neonatal rat cardiomyocytes
in culture were treated with ANG11 ( 10-6 M) in the presence and
absence of H-7 (10-' M) for 30 min. To deplete endogenous PKC,
cells were pretreated with TPA ( 10-7 M) for 24 h before exposure

to ANGII for 30 min. Northern blot hybridization (7 jg of total
RNA/each lane) was performed as in Fig. 1. Exposure time: 120 h
for ppET- I and 24 h for GAPDH.The transcript levels as quantitated
by densitometry are shown at the top.

[ 3H ] leucine uptake by twofold over control level, whose effects
were dose dependently (10 -610-5 M) inhibited by BQ123,
while BQ123 (10-5 M) alone had no effect on basal
[3H] leucine uptake. The ET-1-induced [3H]leucine uptake
was unaffected by ANGII receptor antagonist DuP753 (10-6
M), whereas DuP753 completely blocked ANGII-stimulated
[3H ] leucine incorporation (Table I).

To further determine the possible involvement of endoge-
nous ET-1 in ANGII-induced hypertrophy, we introduced
antisense oligonucleotides against coding region of ppET-1
mRNAin rat cardiomyocytes and examined the ppET-l
mRNAexpression and protein synthesis stimulated by ANG
II. The antisense sequence ( l0-5 M) blocked ppET-l mRNA
(Fig. 8 A) and inhibited the ANGII-induced [3H]leucine in-
corporation (Fig. 8 B). The mismatch sequence have any effect
on neither ANGIl-induced ppET- mRNAnor protein syn-
thesis.

Discussion

Wehave recently demonstrated that ET- 1 induces hypertrophy
in cultured rat cardiomyocytes associated with increases in
DNAand protein syntheses (4). This hypertrophic effect was

accompanied by increased transcriptional activation in muscle
specific genes and the c-fos protooncogene, with a concomi-
tant increase in phosphoinositide hydrolysis. Further, both
PKCactivator TPAand Ca2+ ionophore ionomycin mimicked
this hypertrophic effect on cardiomyocytes in vitro. These ob-

28S

18S 4ppET-I

Ui
-4*GAPDH

cqOh
Figure 6. Effect of ETA receptor antagonist (BQ123) on ppET-I
mRNAstimulated by ANGII and ET-l in cultured rat cardiomyo-
cytes. Cells were pretreated with BQ123 ( I0-s M) for I h, followed
by the treatment with ANGII ( 10 -6 M) or ET- I ( 10-' M) for 30 min.
Northern blot hybridization (7 jig of total RNA/each lane) were per-
formed as indicated in Fig. 1. Exposure time: 120 h for ppET- I and
24 h for GAPDH.The transcript levels as quantitated by densitome-
try are shown at the top.

servations led us to speculate that ET- 1 may be involved in the
development of cardiac hypertrophy, possibly through the acti-
vation of PKCand/or Ca2" mobilization resulting from recep-
tor-mediated phosphoinositide breakdown in cardiomyocytes.

Although ET- 1 was originally characterized from the con-
ditioned medium of cultured porcine aortic endothelial cells,
recent evidence has revealed that ppET- 1 mRNAexpression as
well as ET- 1 is widely distributed in a variety of nonendothelial
cells (7-21 ). The present study demonstrated for the first time
that ppET- 1 mRNAis abundantly expressed in neonatal rat
cardiomyocytes, and ET- 1-LI is released into media. These
findings verify de novo synthesis and release of ET-1 by cardio-
myocytes. Our primary cultures consist mainly of cardiomyo-
cytes, although they contain - 20% of NMCs. However, our
results by Northern blot analysis that ppET- 1 mRNAlevel in
NMCswas lower than that in Ara C-treated cardiomyocytes
suggest that the expression of ppET-l mRNAand synthesis
and release of ET- 1 in our cultures represent mainly the proper-
ties of cardiomyocytes.

Genomic cloning of ppET- 1 gene (22) has shown that the
5'-flanking region of ppET- 1 gene contained the octanucleo-
tide consensus sequences, called TPA-responsive element

Endothelin-J Is an Autocrine/Paracrine Factor in Cardiac Hypertrophy 401
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Figure 7. Effect of ETA receptor antagonist (BQ 123) on protein syn-

thesis stimulated by ET- I and ANGII in cultured rat cardiomyocytes.
Cells were pretreated with various concentrations of BQ123 (I0-8-
l0-5 M) for 2 h, and incubated with ET-l ( o0-8 M) (o) and ANG
II ( Io-' M) ( e ) for 24 h. Control cells without any treatment (o )
and with BQ123 ( I0-5 M) alone (i ) are shown. Protein synthesis was

assessed by incorporation of [3H] leucine into the cells. Each point
represents mean of three to four experiments; bars show SEM. *Sta-
tistically significant difference from the cells stimulated by ET-l and
ANGII in the absence of BQ123 (P < 0.05).

(TRE) (also called APL-responsive element) (23). These cis-
acting sequences has been shown to be the binding sites for the
complex of the proto-oncogene products c-jun and c-fos (24)
and play an important role in the regulation of cell growth and
oncogenesis in a variety of mammalian cells. c-fos mRNA
level in cardiomyocytes has been shown to be upregulated by
ET-1 (4) and ANGII (25) presumably via the activation of
PKC and/or intracellular Ca2+ mobilization, suggesting the
possible contribution of c-fos to the development of cardiac
hypertrophy. The present data that PKCinhibitor (H-7), as

well as depletion of endogenous PKCby TPA, blocked the
stimulatory effect of ANGII on ppET-I gene expression also
support the contribution of PKCin the transcriptional regula-
tion of ppET-l. Thus, the activation of c-fos protooncogene
products, after complex formation with c-jun products and
binding to TPA-responsive element, might be involved in the
mechanism of upregulation of ppET-I gene transcription in
cardiomyocytes. An immediate induction (within 30 min) of
ppET- 1 mRNAlevels by ANGII, ET- 1 and TPA and subse-
quent decline to the basal levels ( 120 min) by cardiomyocytes
as observed in this study appears to be similar to that of vascu-

Table L Effect of ANGII Receptor Antagonist Dup753 on ANGII

or ET-J-induced Protein Synthesis in Cultured Rat
Cardiomyocytes

[3H]leucine incorporated
(% of control)

Control 100.0±14.0
ANGII (10-7 M) 173.8±18.7*
ANGII (10-7 M) + Dup753 (10-6 M) 114.0±6.6
ET-1 (10-8 M) 18 1.0±1.1*
ET-1 (10-8 M) + Dup753 (10-6 M) 164.3±8.7*

Each value is mean±SEM(n = 4). * P < 0.05 vs control.

A B
* mean±SD

250 n =4
| Pf 0.05

28Sf :.i ! 200 *

lBS~~ 4~ppET- 1 150-18SF10 8t 1
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Figure 8. Inhibition of ANGIl-stimulated ppET-l mRNAand pro-

tein synthesis by antisense origonucleotides against ppET- mRNA
in cultured rat cardiomyocytes. (A) Cells were pretreated with anti-
sense oligonucleotides (l0-' M) or oligonucleotides of mismatch se-

quence (I01- M) for 24 h, followed by exposure to ANG11 ( o0-6
M) for 30 min. Northern blot hybridization (7 fig of total RNA/each
lane) were performed as in Fig. 1. Exposure time: 120 h for ET-l
and 24 h for GAPDH. (B) Cells were pretreated with antisense oligo-
nucleotides (l0-' M) or oligonucleotides of mismatch sequence

( l0-5 M) for 24 h, followed by exposure to ANGII ( o0-6 M) for 24
h. Synthesis of protein was assessed by incorporation of [3H]leucine
into the cells. Each column represents mean of four experiments;
bars show SD. *Statistically significant difference from the cells stim-
ulated cells by ANGII alone (P < 0.05).

lar endothelial cells (26, 27). Such high turnover of ppET- 1

transcripts is caused by short intracellular half-life (within 15
min) (26). Indeed, human ppET- gene contains several
AUUUAmotifs in the 3'-untranslating regions (22) responsi-
ble for destabilizing mRNA.

Rapid induction of ppET- mRNAwas followed by release
of ET- 1-LI in culture medium, whereas, it continued to in-
crease up to 24 h. This sustained increase in ET- I into culture
medium was in agreement with our previous study using bo-
vine endothelial cells (28), and may be explained by the follow-
ing reasons: First, it has been suggested that cell-mediated deg-
radation and/or inactivation of ET- may occur little, if any,
during incubation with cultured cells (29). Second, a constitu-
tive pathway of ET- 1 secretion by endothelial cells was sug-
gested based on the observation that endothelial cells contain
no secretory granules within their cytoplasm.

In the present study, a selective ETA receptor antagonist
(BQ123) inhibited protein synthesis, but not ppET-l mRNA
levels, stimulated by ANG II. ANG II receptor antagonist
(DuP 753), on the other hand, inhibited protein synthesis stim-
ulated by ANGII, but not by ET- 1, indicating the specificity of
each receptor antagonist. Our results of ANGII-stimulated
ppET- 1 mRNAand ET- 1 release coupled with the inhibitory
effect of ETA receptor antagonist on ANGII-induced protein
synthesis suggest that endogenous ET- I stimulated by ANGII
act as an autocrine/paracrine factor through ETA receptor.

Recent studies have revealed that specific inhibitory action
in mRNAby antisense oligonucleotides is a useful tool in mo-

lecular and cellular biology, because it can be used in principle
to determine the role played by any given gene in living cells. It
is generally accepted that the selective blocking action on target
mRNAby oligonucleotides is caused by RNase-H-induced
cleavage of the mRNAin the mRNA-oligonucleotide hybrd,

although possible mechanisms at transcriptional and/or post-
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transcriptional level may be involved (see the review of Helene
and Toulme, reference 30). Although the antisense oligonucle-
otide used in this study was sensitive to endonuclease, the dose
( 10-5 M) used was two orders greater than the effective dose of
the endonuclease sensitive (31 ), thus providing enough, even
in the presence of 1% serum. Our results that the antisense
sequence, but not the mismatch sequence, against ppET- 1
mRNAblocked ANGII-induced protein synthesis lend strong
support to the potential contribution of endogenous ET- 1 to
ANGII-induced cardiac hypertrophy.

In summary, our study has provided evidence that de novo
synthesis and release of ET- 1 by neonatal rat cardiomyocytes
are stimulated by ANGII, possibly through the activation of
PKC. Furthermore, our results that ANGII-induced protein
synthesis was blocked by ETA receptor antagonist as well as by
antisense oligonucleotides against ppET- 1 mRNA,suggest the
potential role of endogenous ET- 1 locally produced and se-
creted by cardiomyocytes in the mechanism of ANGIl-in-
duced cardiac hypertrophy via an autocrine/paracrine fashion.
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