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2Hans Vetter & *,2Christian Grohé
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1 Little is known about the interaction of 17b-estradiol (E2) and the vasoactive endothelin system in
the heart. Endothelin signaling is activated in a failing heart and may contribute to myocardial
dysfunction and remodeling. Therefore, we investigated the regulation of proteins of the endothelin
system (ppET-1, ECE and ETA-R and ETB-R) in the hearts of female spontaneously hypertensive rats
(SHR) with respect to E2.

2 Relative expression levels of the respective cardiac mRNA obtained from sham-operated,
ovariectomized and ovariectomized E2-substituted SHR were quantified by real-time PCR.
Ovariectomy led to a significant upregulation of the ETB-R mRNA (2.670.8-fold) in the left
ventricular myocardium, which was not attendant with an alteration of ETA-R, ECE and ppET-1
mRNA expression.

3 An upregulation of the relative expression level of ETB-R protein due to ovariectomy was also
demonstrated by radioligand binding assay.

4 Upregulation of both ETB-R mRNA and ETB-R protein expression was completely inhibited by
E2 replacement.

5 To confirm these results in in vitro experiments, we quantified the mRNA of ET-R subtypes from
isolated cardiomyocytes in the presence and absence of E2 (10�8

m, 24 h). Our data showed a markedly
downregulated level of ETB-R mRNA in cardiomyocytes stimulated with E2. ETB-R downregulation
was not attendant with the alteration of ETA-R, ECE and ppET-1 mRNA expression.

6 Taken together, these data demonstrate that estrogen regulates the expression of ETB-R in rat
ventricular myocardium in vivo and in vitro. These observations may help to understand gender-based
differences found in cardiovascular disease.
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Introduction

Endothelin-1 (ET-1), a 21-amino-acid peptide, was originally

isolated from porcine aortic endothelial cells in 1988 and is the

most potent vasoconstrictive peptide identified to date

(Yanagisawa et al., 1988). Three structurally and pharmaco-

logically distinct endothelin isopeptides are known, ET-1, ET-2

and ET-3. Each is encoded by a different gene (Inoue et al.,

1989). ET-1 appears to be the predominant and most relevant

isoform in humans (Saetrum Opgaard et al., 2000). It became

clear that ET-1 also exerts important cardiac effects. These

include positive inotropic action (Ishikawa et al., 1988) and

growth-promoting properties inducing hypertrophy (Ito et al.,

1991). Thus, ET-1 might contribute considerably to the

development of cardiac hypertrophy and cardiac disease.

Mammalian ET-1 gene contains five exons that encode

prepro-endothelin (ppET-1). ppET-1 is cleaved to form big

ET-1, which is further cleaved by the endothelin-converting

enzyme (ECE), resulting in the 21-amino-acid active peptide

(Xu et al., 1994). Local ET-1 synthesis in the heart has been

demonstrated (Suzuki et al., 1993). ET-1 is secreted by myo-

and endocardium, thereby acting in a paracrine and autocrine

fashion on cardiomyocytes (Suzuki et al., 1993). The physiolo-

gical effects of ET-1 are mediated by at least two subtypes of ET

receptors (ET-R), designated as the ETA (ETA-R) and ETB

(ETB-R) receptors. Both ETA-R and ETB-R coexist in human

and rat hearts (Molenaar et al., 1993). The different regulation

of these proteins in myocardium under physiological and

pathophysiological conditions is poorly understood. Recent

observations suggest that there is a gender-based difference in

ET-R-mediated changes of cardiovascular hemodynamics

(Tatchum-Talom et al., 2000). However, it remains to be

evaluated whether estrogen affects the progression of hyperten-

sive heart disease via the endothelin system.

In the present study, we examined the status of ET-1,

ppET-1, ECE and ET-R in the cardiac tissue of SHR, a
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well-established animal model for hypertension, and in

isolated cardiomyocytes, and the influence of E2 on the

endothelin system in both models.

Methods

Animals

Female spontaneously hypertensive rats (SHR, Harlan

Winkelmann, Borchen, Germany) were ovariectomized or

sham operated 13 weeks after birth. All treatment groups

consisted of 10 animals each. Ovariectomized animals were

E2 supplemented by subcutaneous pellets inserted into

the dorsal neck region under local anesthesia. To achieve

typical physiological E2 levels found in midcycle, a 60-day

release pellet containing 1.7 mg E2 (Innovative Research,

Sarasota, FL, U.S.A.) was used. All animal experiments

were performed in accordance with the German animal

protection law and after approval by the Animal

Welfare Committee at the University of Maastricht, The

Netherlands.

Blood pressure measurement and quantitative
determination of E2 plasma level

At 5 weeks after surgery, rats were anesthetized (ketamine

100 mg kg�1 body weight i.p. and xylazine 5 mg kg�1

body weight i.p.) and a stretched PE catheter was inserted

into the femoral artery and exteriorized at the neck. Animals

were allowed to recover for 48 h before blood pressure

measurements were performed in conscious animals. Thereafter,

animals were anesthetized as described above, killed by

decapitation and the hearts were excised. Blood samples

were withdrawn from the vena cava inferior and the

concentration of E2 was determined using a radioimmunoassay

kit (DPC Biermann, Bad Nauheim, Germany). The left

ventricular tissue was rapidly frozen in liquid nitrogen and

stored at �801C.

Isolation, culture and treatment of neonatal
cardiomyocytes

The hearts of 1–2-day-old rats (Wistar-Kyoto) were isolated

and digested with 10 ml of Spinner solution (116- mm NaCl,

5.3 -mm KCl, 8 -mm NaH2PO4, 22.6 -mm NaHCO3, 10 -mm

HEPES, 5 -mm d-Glucose, pH 7.4) containing 0.1% (w v�1)

collagenase (Cytogen; Berlin, Germany) for 10 min at 371C in

eight consecutive steps as previously described (Nuedling et al.,

2001). Cell suspension was centrifuged at 400� g for 5 min and

the cell pellet was resuspended in 20 ml of Hams’ F10

supplemented with 10% horse serum (Biochrom; Berlin,

Germany) and 10% estrogen-free FCS (Biochrom KG, Berlin,

Germany) and plated on culture dishes. After 75 min, the

medium that contained the cardiomyocyte fraction of the

digested tissue was removed. Cardiomyocytes were counted in

a Fuchs–Rosenthal chamber and seeded on culture dishes at a

density of 2� 104 cells cm�2 in phenol red-free DMEM. Serum-

starved cells were treated with 10�8
m E2 for 24 h. Control cells

were incubated with 0.1% (v v�1) ethanol, the solvent of E2.

Real-time PCR

Total RNA was isolated from 10 left ventricles of each

treatment group using the guanidine thiocyanate and phenol/

chloroform extraction method (Trizol reagent, Life Technol-

ogies, Karlsruhe, Germany). RNA was reconstituted in 20ml

diethylcarbonate-treated water and then stored at �801C. The

quality of the RNA was verified by agarose gel electrophoresis

and quantified spectrophotometrically. Total isolated RNA

(2 mg) was reverse transcribed to first-strand cDNA using

random primers of the Superscriptt preamplication system

(Life Technologies).

Primers and probes were chosen with the assistance of the

computer software Primer Express (PE Applied Biosystems,

Weiterstadt, Germany), as shown in Table 1. Both were

synthesized by PE Applied Biosystems. Probes were covalently

labeled with a reporter dye (6-carboxy-fluoresin) at the 50 end

Table 1 Oligonucleotide sequences used for real-time PCR amplification

Gene Oligonucleotide Sequence PCR
product
size (bp)

18S RNA Forward primer ACGGCTACCACATCCAAGGA
Reverse primer AAGGATTTAAAGTGGACTCATTCCA 100
Probe CGCGCAAATTACCCACTCCCGA

ETA-R Forward primer CAGCCACAAGGACAGCATGA
Reverse primer TGCTGCGTGACCGTTTCA 86
Probe CCGAGCAGTGTGCCTTCGAGTCC

ETB-R Forward primer CCTGCGGAGGTGACCAAA
Reverse primer GGCATGATACAATCGTGTTGATG 124
Probe AGTCCCGCCAAGATCCTTCCCTCC

ECE Forward primer GAGAAGCGCCGGGATGA
Reverse primer GGCATTCAGAAAGGGTAACCAG 99
Probe AGCTCATCTACCACAAAGTCACGGCTGC

ppET-1 Forward primer TTGATGGACAAGGAGTGTGTCTACTT
Reverse primer TTCCTAGTCCATACGGGACGAC 88
Probe CCACCTGGACATCATCTGGGTCAACA
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and a quencher dye (5-carboxytetramethylrhodamine) at the 30

end. To prevent probe extension, phosphate groups were

attached to the 30 ends of all probes.

Real-time PCR was performed according to the TaqMant

protocol using the ABI Prism 7700 Sequence Detector (PE

Applied Biosystems). The PCR reaction mixture (50 ml) for

single measurements contained 25 ml of 2� TaqMan Universal

PCR Master Mix, 50–900 nm of each primer (each primer

concentration was optimized giving a maximum normalized

reporter signal), 200 nm of probe and 5ml of sample cDNA.

The thermal cycling conditions comprised two initial steps at

501C for 2 min required for optimal AmpErase uracil-N-

glycosylase enzyme activity and 951C for 10 min required to

activate AmpliTaq Gold DNA polymerase, followed by 40

cycles at 951C for 15 s and 601C for 1 min.

The threshold cycle or CT value at which a statistically

significant increase in signal, associated with an exponential

growth of PCR product, is first detected, provided the

quantitative values that represent the mRNA of the genes of

interest (using PE Applied Biosystems analysis software

Sequence Detector version 1.7). Standard curves for all target

genes and the endogenous reference gene (18S-rRNA) to be

amplified were made by using six four-fold dilutions of cDNA.

Relative amounts of transcripts were calculated by comparison

with standard curves. Experiments were performed in triplicate

for each data point. Data were normalized on the basis of its

18S-RNA content. Final results, expressed as N-fold differ-

ences in target gene expression relative to reference (18S-

rRNA), and calibrator, termed NX, were determined as

follows: NX¼ 2(DCTtarget�DCTcalibrator).

Radioligand binding

Left ventricular tissue was placed in 5 ml ice-cold assay buffer

(Tris/HCl 50 mm, Tris 0.01 mm, NaCl 137 mm, CaCl2 1.8 mm,

MgCl 1.1 mm, N-acetyl-methionin 1 mm, aprotinine 1mm, pH

7.4) containing 250- mm sucrose and homogenized. The

homogenates were centrifuged at 1000� g for 10 min at 41C.

The supernatants were recentrifuged at 50,000� g for 20 min.

They were discarded and the pellets were resuspended in 3 ml

assay buffer. The protein concentration was determined by

Bio-Rad Bradford reagent (Bio-Rad Laboratories, Munich,

Germany). The volume was adjusted to yield a protein

concentration of 100 mg/400ml and BSA was added to reach

a final concentration of 0.3% BSA.

To assess the relative amount of ETA-R and ETB-R,

displacement experiments were performed with the selective

ETA-R antagonist BQ123 (10�7
m; Bachem Biochemica, Heidel-

berg, Germany), which was preincubated with the membrane

fraction for 30 min at 211C. 125J-ET binding was performed in

polypropylene tubes in a total assay volume of 500ml consisting

of 400ml membrane fraction (100mg protein), 50ml radioligand

(2000 Ci mmol�1, Amersham Pharmacia, Braunschweig, Ger-

many) and 50ml unlabeled ET-1 (Bachem Biochemica) in

different concentrations ranging from 10�11 to 10�9
m. Tubes

were incubated for 3 h at 211C in a shaking water bath. The

bound ET-1 was separated by vacuum filtration over GF/C

filters (Whatman, Maidstone, U.K.) that had been presoaked in

0.33% polyethyleneimine for 20 min. The filters were washed

three times with 2 ml ice-cold NaCl (0.9%), and membrane-

bound radioactivity was measured by a gamma counter

(Gamma C12, Berthold, Bad Wilberg, Germany). To define

the level of nonspecific binding, 10�7
m unlabeled ET-1 was used

for maximal displacement of the radioligand. Specific binding

was determined as the difference between the amount of total

and nonspecific 125J-ET binding. Binding data were analyzed by

a Kell program (Biosoft, Cambridge, U.K.).

Histology

In the hearts of five animals of each treatment group, collagen

content was determined. Hearts of anesthetized rats were

arrested in diastole by injection of 1 ml 100- mm CdCl2 into the

vena cava. Then, the hearts were retrogradely perfused in situ

with PBS at a pressure of 90 mmHg to remove blood

components. Afterwards, the hearts were fixed by perfusion

with 10% formalin in PBS for 10 min. The hearts were excised

and kept for an additional 50 min in fixation solution. They

were further processed for paraffin embedding. Cross-sections,

6mm thick, were prepared from representative regions. The

collagen fibers in the sections were stained with Sirius Red

(0.1%; Sigma, Taufkirchen, Germany) for 90 min (Junqueira

et al., 1979). The sections were visualized by a Leitz Ortholux

Microscope with PL Fluotar � 16 and � 40 nosepieces (Leitz,

Wetzlar, Germany). The collagen content was calculated as a

fraction of the total area determined by means of a Quantimed

570 Image Analyzer (Leica Ltd, Cambridge, U.K.).

Results

Cardiac and circulatory parameters

E2 serum levels were lower in ovariectomized rats

(5.8771.69 pm) compared to sham-operated rats

(130.7746.6 pm). Ovariectomized E2-substituted rats were

adequately replaced with E2, as serum levels were comparable

to those in animals with intact ovaries (199.3764.2 pm). The

mean arterial pressure in sham-operated SHR amounted to

16074 mmHg and ventricles weighed 882727 mg. Both the

parameters were not significantly different among the treat-

ment groups.

Detections of protein expression may be influenced by a

shift in cellular composition and/or an increase of the

extracellular matrix of the tissue investigated. As a control,

the collagen content in Sirius Red-stained sections was

determined in the right, left ventricular myocardia and in the

septum. The relative contribution of collagen in % was not

significantly different between sham-operated (right ventricle:

8.072.2; left ventricle: 4.471.3; septum: 3.470.7), ovariecto-

mized (right ventricle: 7.771.4; left ventricle: 4.570.7; septum:

3.470.7) and ovariectomized E2-replaced animals (right

ventricle: 8.672.2; left ventricle: 4.472.3; septum: 3.170.4).

Effect of estrogen deficiency on ET-receptor mRNA
expression

The relative expression levels of ET receptors, ppET-1 and

ECE, were quantified in left ventricular tissues from 10

animals of each treatment group. After optimization of probe

and primer concentration, we obtained a highly specific Real-

time PCR assay for detection of the respective RNA target

genes. The calibration curves for all transcripts showed

linearity over the entire quantification range with correlation
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coefficients 40.98, indicating a precise log-linear relationship.

The relative expression level was determined from the CT

values obtained as ratios between the target gene and the

reference gene to correct for variations in the amount of

cDNA. Individual results for each target were standardized for

each treatment group. The data are illustrated in Figure 1 and

summarized in Table 2.

The ETA-R appeared to be the predominant ET-R; the

calculated average ratio of ETA-R and ETB-R mRNA was

3.8 : 1 in the left ventricular myocardium obtained from sham-

operated rats. There was no significant difference in expression

levels of ppET-1, ECE and ETA-R in the left ventricular tissue

of the three treatment groups (Figure 1). In contrast, there was

a highly significant upregulation (2.6-fold) of ETB-R in the left

ventricular tissue of E2-deficient rats compared to sham-

operated or E2-substituted animals.

Effect of estrogen deficiency on ET-R protein density

To confirm the estrogen-dependent regulation of gene expres-

sion studied by real-time PCR, we performed a receptor-

binding assay. Addition of increasing concentrations of
125J-ET-1 to membrane preparations from the left ventricular

myocardium resulted in specific, saturable high-affinity bind-

ing. Under our assay conditions, we obtained a specific

binding that comprised 70–80% of the total signal. 125J-ET

binding was displaced by ET-1 in a monophasic manner as

shown in Figure 2. The mean ET-R density (Bmax) was

54725 fmol mg�1 protein in sham-operated rats and revealed

comparable values in E2-deficient and E2-substituted/ovar-

iectomized rats. Relatively high s.e.m. resulted from individual

differences between the animals within each treatment group

and were o15% for each individual. The estimated Kd values

were 47.33718.85 pm (sham-operated) vs 70.40723.94 pm

(ovariectomized); however, these differences did not reach

significance.

To discriminate between ETA-R and ETB-R, BQ123, a

specific ETA antagonist was applied. Figure 2 shows the

competition curves of membrane preparations preincubated

with BQ123 (dotted line) compared to membrane preparations

preincubated with vehicle. The maximum number of binding

sites (mean Bmax value) after inhibition of ETA-R was

11.3571.87 fmol mg�1 in sham-operated rats, suggesting that

21% of the receptor population is ETB-R protein. This

receptor ratio was consistent with the results obtained from

membrane preparations of ovariectomized E2-substituted rats

(Bmax¼ 11.6771.97). In ovariectomized rats, Bmax was calcu-

lated as 17.6171.37 fmol mg�1. These data indicate that

ETB-R density was significantly increased in estrogen-deficient

rats compared to sham-operated and estrogen-substituted

animals (Figure 3).

Taken together, these results from radioligand binding and

real-time PCR strongly suggest a regulation of ET-R subtypes

in the myocardium by estrogen. Both mRNA level and protein

level of the ETB-R in the left ventricle were significantly higher

in rats with an estrogen deficiency.

Effect of estrogen on ET-R subtypes in isolated
cardiomyocytes

To further confirm the data revealed from the in vivo model,

we investigated the direct effects of estrogen on ET-R

subtypes, ppET-1 and ECE in cultured neonatal cardiomyo-

cytes by real-time PCR. Expression of ET-R subtypes in

cardiomyocytes from neonatal rats was quantified after

incubation in the presence and absence of E2 (10�8
m, 24 h).

CT values obtained as ratios between the target gene and the
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Figure 2 Representative competition curves of binding of 125J-ET-1
to membrane preparations from the left ventricular tissue of SHR
(here E2-substituted-ovariectomized SHR). Membranes were pre-
incubated with the ETA-R antagonist BQ123 (10�7

m, dotted line) or
vehicle (control) at 211C for 30 min. 125J-ET-1 was competitively
displaced by unlabeled ET-1. Each point represents the mean7
s.e.m. from three experiments performed in triplicate.
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Figure 1 Relative expression of ETA-R, ETB-R, ppET-1 and ECE
in the left ventricular tissue obtained from the three groups
(S¼ sham, Ov¼ ovariectomized, E2¼E2 substituted-ovariecto-
mized). Expression levels for each target gene have been normalized
to the mean expression of sham-operated rats taken as a value of 1.
Expression level of ETB-R mRNA was significantly upregulated in
estrogen-deficient rats, whereas there was no significant difference
between the three groups concerning expression levels of ETA-R,
ECE and ppET-1 (*Po0.005 vs S and vs E2, n¼ 10 for each
treatment group).

Table 2 The relative expression of target genes in the
left ventricle was quantified by real-time PCR and
determined as the ratio of the target gene CT and the
reference gene CT for each individual

ETA-R ETB-R ppET-1 ECE

Sham 8.0170.48 9.9570.44 12.0771.29 6.9770.99
Ovariectomized 7.2571.42 8.5870.88 12.2670.42 6.3470.94
E2-substituted 8.6970.63 9.8370.55 12.9970.42 7.1970.43

The mean CT-values7s.d. for each treatment group (n¼ 10
for each group) are given.
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reference gene are shown in Table 3. The ETA-R appeared to

be the dominant ET-R in membrane preparations of neonatal

cardiomyocytes and the ratio of ETA-R mRNA to ETB-R

mRNA (29 : 1) was much higher than in membrane prepara-

tions of the left ventricular tissue. The relative expression of

the RNA target genes obtained from three independent

experiments is summarized in Figure 4. Our data show a

downregulated level of ETB-R mRNA after incubation

with E2 (40%), which was not attendant with the alteration

of ETA-R, ECE and ppET-1 mRNA expression. Taken

together, these data demonstrate that E2 downregulates the

expression of ETB-R in rat ventricular myocardium in vivo and

in vitro.

Discussion

In the present study, we show that the myocardium of SHR

contains an intact armamentarium of all relevant proteins of

the ET system including ppET-1, ECE, ETA-R and ETB-R. In

the left ventricular tissue of SHR, ETA-R are prevalent

compared to ETB-R, a finding consistent with studies in

WKY rats (Kobayashi et al., 1999), SHR (Thibault et al.,

1995) and human myocardium (Molenaar et al., 1993). E2 was

found to decrease ETB-R density and mRNA abundance in the

left ventricular myocardium of SHR. Incubation of neonatal

cardiomyocytes by E2 for 24 h also reduced ETB-R mRNA

expression compared to E2-deprived cells. To our knowledge,

this is the first demonstration of modulation of the expression

of ETB-R by E2 in cardiomyocytes in an in vivo model of

arterial hypertension and in cultured cardiomyocytes.

In principle, regulation of the ET system is possible through

different mechanisms (1) via transcriptional and/or transla-

tional regulation of ppET-1, (2) via change of the converting

rate of ppET-1 into the physiological active form of ET-1,

which is mediated by the endopeptidase ECE and (3) via

transcriptional and/or translational regulation of ET-R.

Results of this study suggest that E2 may not regulate the

production of ET-1 in the myocardium at the level of gene

expression, as no differences were observed in mRNA for

ppET-1. There was no apparent regulation of the converting

rate by change of ECE production, as mRNA levels of the

ECE were not different between intact and sham-operated

SHR. In accordance with this finding, E2 had no effect on

ppET-1 and ECE expression in isolated cardiomyocytes.

Interestingly, earlier studies demonstrate that E2 attenuates

ET-1 expression and release in vascular endothelial cells

(Akishita et al., 1998; Bilsel et al., 2000), the main source of

circulating ET-1. Gender-related differences of the circulating

concentration of ET-1 may therefore relate to inhibitory

effects of E2 on the release of ET-1 from endothelial cells and

smooth muscle cells, but not from cardiomyocytes.

Regulation of ETB-R has also been reported by angiotensin

II, which is probably mediated by stimulation of angiotensin

receptor type 1 (Kanno et al., 1993). E2-dependent regulation

of ETB-R might be mediated by the estrogen receptor.

Interestingly, the known structure of the estrogen response

element is found in the 50 upstream region of ETB-R gene

(Cheng et al., 1993). Thus, it seems possible that regulation of

ETB-R in cardiac tissue may be influenced by an estrogen

receptor-dependent mechanism. This is consistent with the

finding of Smith et al. (2000), who showed that in ovariecto-

mized rats myocardial ischemia induced an increase in cardiac

ETB-R mRNA, which was downregulated by E2-substitution.

To avoid interference with the pathological events present in

SHR, additional experiments were carried out in isolated cells

of WKY rats. Neonatal myocytes in culture are a valid model
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Figure 3 Density of ETB-R in the left ventricle of SHR. Bmax values
derived from computer-assisted nonlinear regression of specific
bound vs free data in the presence of ETA-R antagonist BQ123.
Each column bar represents mean7s.e.m. of 10 animals per group
(S¼ Sham, Ov¼Ovariectomized, E2¼E2 substituted-ovariecto-
mized, *Po0.001).

Table 3 The relative expression of target genes in
neonatal cardiomyocytes stimulated for 24 h with E2
(10�8

m) or vehicle (control) obtained by real-time PCR
determined as DCT

ETA-R ETB-R ppET-1 ECE

Control 9.2570.23 14.1170.23 10.7670.24 7.5870.25
E2-stimulated 9.4170.23 14.8470.27 10.5170.54 7.6670.27

DCT were first obtained as ratios between the target gene CT

and the reference gene 18S rRNA CT for each experiment to
correct for variations in amount of cDNA. Thereafter, DCT

were averaged for each treatment group (mean7s.d.).
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Figure 4 Relative expression of ETA-R, ETB-R, ppET-1 and ECE
in neonatal cardiomyocytes in response to E2. Cells were stimulated
for 24 h with E2 (10�8

m) or vehicle alone (C¼ control). PCR results
were normalized for each target gene to control cells in such a
manner that the mean expression of control equals a value of 1. The
expression level of ETB-R mRNA was significantly downregulated
due to E2 treatment, whereas there was no significant difference
concerning expression levels of ETA-R, ECE and ppET-1. Results
are mean7s.d. from three experiments (n¼ 3, *Po0.005 vs control).
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for the evaluation of regulatory effects of estrogen independent

of any hemodynamic modifications (Nuedling et al., 1999a). In

these cells, ETB-R was found to be expressed in low amounts.

Despite the low basic expression level of ETB-R mRNA, the

presence of E2 caused a further decrease, while ETA-R mRNA

remained unchanged.

It has been shown that E2 regulates the expression of

various proteins, which are critical for the development of

cardiovascular diseases. Regulatory mechanisms in cardio-

myocytes between E2 and NO synthases (Nuedling et al.,

1999b), MAPK (Nuedling et al., 1999a), the angiotensin type I

receptor (Nickenig et al., 1998) and the IGF-1 signalling

pathway (Kahlert et al., 2000) have been described. Also, an

attenuation of ET-1 synthesis by E2 in endothelial cells has

been reported, as mentioned above (Akishita et al., 1998; Bilsel

et al., 2000). Although the physiological role of ET-1 has not

been fully established, there is increasing evidence of its

involvement in pathological situations such as hypertension,

myocardial infarction and congestive heart failure (Smith et al.,

2000). Regulation of ETB by E2, which has been shown in the

case of ischemia by Smith et al. (2000) and in the case of

hypertension and in vitro here, represents another pathway by

which E2 can influence cardiovascular diseases.

In isolated human cardiac muscle, ET-1 exerts positive

inotropic action via both ETA-R and ETB-R (Saetrum

Opgaard et al., 2000). However, the potential role of either

ETA-R or ETB-R subtype in the development of cardiac

hypertrophy and heart disease remains poorly understood. The

growth-promoting effect of ET-1 in rat cardiomyocytes seems

to be exclusively mediated by ETA-R stimulation (Hilal-

Dandan et al., 1994). Several experimental studies have raised

the possibility that ETA-R mediate myocardial and coronary

activities, whereas ETB-R act in the local clearance of ET-1

(Fukuroda et al., 1994; Modesti et al., 1999). Recent studies in

ETB-R knockout mice suggest that the ETA-R system plays an

aggravating role in vascular remodeling after injury, whereas

the ETB-R system plays a favorable inhibitory role, at least

partly through NO release (Murakoshi et al., 2002). Asano

et al. (2002) demonstrated an altered expression of endothelin

receptors in failing human ventricles. Chronic left ventricular

failure from either idiopathically dilated or ischemic cardio-

myopathy was accompanied by a significant increase in ETA-R

density and mRNA abundance, and a significant decrease in

ETB-R density and mRNA abundance (Asano et al., 2002).

However, the lowering of the ETB-R level could be either a

mechanism to compensate ventricular failure or a mechanism

contributing to the development of heart failure. As long as we

do not understand the physiological consequences of ETB-R

depression, it is impossible to validate the interaction of E2

with the endothelin signaling.

Taken together, the present study demonstrates a decrease

of ETB-R density and mRNA by E2 in cardiomyocytes in vivo

and in vitro, which may have important implications for the

pathophysiology of the heart. Further studies are required to

determine the physiological and clinical significance of an E2-

depending alteration in ET-R expression in the heart.

This study was supported by the Deutsche Forschungsgemeinschaft
Gr729/8-1, Faculty Grant BONFOR O-708 and Dutch Heart
Foundation.
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estrogen receptor b is a prerequisite for estrogen-dependent
upregulation of NO synthases in cardiomyocytes. FEBS Lett.,
502, 103 – 108.
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