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factor alpha-stimulated endothelin-1 synthesis in bovine aortic
endothelial cells is independent of cyclic AMP
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Abstract

Adrenomedullin (ADM) is a potent vasodilator and reverses the vasoconstrictor action of endothelin-1 (ET-1). These studies aimed to
determine the effect of ADM on ET-1 synthesis in bovine aortic endothelial cells (BAEC) and to identify the possible mechanisms involved.
In this cell model, ADM increased cyclic AMP production by BAEC with threshold concentrations of 100 pM and an Ecso of 1 nM. This
effect was not blocked by co-treatment with the CGRP type 1 receptor antagonist CGRPg_3;. ADM caused a potent concentration-dependent
inhibition of ET-1 release that was correlated with reduced preproET-1 mRNA levels. This reached a maximal reduction of 70% compared
to basal levels after 2 and 6 hr exposure of BAEC to 1 nM ADM, with significant decreases at concentrations as low as 10 pM. However, a
100-fold discrepancy between the threshold ADM concentration for cyclic AMP production and inhibition of ET-1 release was observed.
Treatment of BAEC with tumour necrosis factor alpha (TNFo; 10 ng/mL) caused a 2-fold increase over basal ET-1 release. ADM caused a
more marked reduction in stimulated ET-1 synthesis with a threshold of 1 pM, and suppression of ET-1 release to basal levels at 100 nM.
8-Bromo cyclic AMP, showed no concentration-dependent inhibition of ET-1 release, yet caused a 50% reduction in TNFa-stimulated
intercellular adhesion molecule-1 (ICAM-1) mRNA levels. Thus, physiological ADM concentrations inhibit ET-1 synthesis independently
of cyclic AMP in BAEC at the level of preproET-1 mRNA expression. The high sensitivity of this inhibition implicates ADM as an
important physiological regulator of endothelial ET-1 production. © 2002 Elsevier Science Inc. All rights reserved.
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1. Introduction chronic congestive heart failure, essential hypertension,

pulmonary hypertension and atherosclerosis. Infusion of

ADM elicits potent direct vasodilatory effects in a
number of vascular beds [1-4] and should therefore be
an important factor to consider in patients suffering from

* Corresponding author. Present address: School of Biological Sciences,
Medical Sciences building, Room 4.43, Queen Mary, University of
London, London E1 4NS, UK. Tel.: +44-20-7882-6316; fax: +44-20-
8983-0531.

E-mail address: s.barker@mds.qmw.ac.uk (S. Barker).

Abbreviations: ADM, adrenomedullin; BAEC, bovine aortic endothe-
lial cells; BPASMC, bovine pulmonary artery smooth muscle cells; CGRP,
calcitonin gene-related peptide; CRLR, calcitonin receptor-like receptor;
ET-1, endothelin-1; GAPDH, glyceraldehyde-3-phosphate dehydrogenase;
IBMX, 3-isobutyl-1-methylxanthine; ICAM-1, intercellular adhesion
molecule-1; RAMP, receptor-activity-modifying protein; RT-PCR, reverse
transcriptase polymerase chain reaction; TNFo, tumour necrosis factor
alpha; VSMC, vascular smooth muscle cells; AP-1, activator protein-1;
HIF-1, hypoxia-inducible factor-1; STAT, signal transducer and activator
of transcription; IRF-1, interferon regulatory factor-1.

physiological amounts of ADM into the brachial artery
evoked significant increases in forearm blood flow in
human subjects [5] and human ADM gene delivery atte-
nuated hypertension in rats [6]. These observations indi-
cate that ADM does have an impact on vascular resistance
at physiological concentrations.

ADM is synthesised and secreted by vascular smooth
muscle cells (VSMC) and endothelial cells, with ADM
release being modulated by a number of hormones and
cytokines [7-9]. ADM release by VSMC is increased by
TNFa [9], and in endothelial cells is increased by gluco-
corticoids, and decreased by staurosporine [10]. Specific
binding sites for ADM are present on both VSMC and
endothelial cells [1-4]. These binding sites share most
pharmacological similarity with a putative cloned ADM-
receptor [11], but so far, expression of this receptor species
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has not been reported in vascular cells. However, another
ADM-responsive receptor, the calcitonin receptor-like
receptor (CRLR) [12], is expressed in vascular endothe-
lium [13]. This receptor can respond to either ADM or
CGRP depending on the cell context, and on the expression
of one of three accessory factors known as receptor-activ-
ity-modifying protein (RAMP) 1, 2, and 3 [14]. Rabbit
aortic endothelial cells express both CRLR and RAMP2
and respond selectively to ADM [15]. This relationship has
also been shown in human endothelial cells [16].

In recent years, there has been considerable effort
focused on the regulation of ET-1 production and its
contribution to cardiovascular pathologies [17,18]. ET-1
is synthesised mainly by endothelial cells, causing vaso-
constriction by direct action on underlying VSMC. Its
secretion is increased in response to numerous factors
including inflammatory cytokines such as TNFa. Interest-
ingly, ADM can reverse the vasoconstrictor effect of
ET-1 in isolated porcine coronary artery strips [19] and
ADM is capable of a similar effect in ischaemic cerebral
arterioles in vivo [20]. These observations suggest that
ADM may act as a locally-acting physiological antagonist
of ET-1 in the vasculature. A balance between secretion of
ET-1 and ADM could maintain a set point of vascular tone.
Here we describe studies (in BAEC lines expressing
abundant levels of CRLR mRNA) that demonstrate that
physiological concentrations of ADM inhibit ET-1 synth-
esis (under basal and TNFa-stimulated conditions) by a
mechanism that is independent of cyclic AMP.

2. Materials and methods
2.1. Cell culture

BAEC lines (E11 and F2 clones) were derived by clonal
selection from BAEC primary cultures [21]. Bovine pul-
monary artery smooth muscle cells (BPASMC) were
obtained by explant culture from fresh bovine pulmonary
artery. Confluent BPASMC cultures exhibited character-
istic smooth muscle cell morphology and stained positively
for a-actin. All cells were routinely cultured in Dulbecco’s
modified Eagle medium containing 10% (v/v) fetal bovine
serum and were washed twice in serum-free medium prior
to use. All experiments were performed on confluent
cultures using serum-free medium.

2.2. Assays

To measure ET-1 release, cells were incubated for 2 or
6 hr in the presence or absence of various treatments, and
ET-1 in BAEC conditioned medium was quantified using
a direct radioimmunoassay specific for the C-terminal
peptide ET [16-21] (His-Leu-Asp-Ile-Ile-Trp). '>I-ET-1
(Amersham Pharmacia Biotech) was used as tracer, and
dilutions of ET-1 (Peptide Institute) were used as standard.

Samples of conditioned media from BAEC were measured
after appropriate dilution. Cross-reactivity of the following
peptides in this assay are for ET-1 100%, ET-1 [19-21]
(Ile-Ile-Trp) 0.0003%, and big ET-1 <0.015% [22]. Values
thus obtained therefore represented accumulated ET-1
released into the medium over the duration of the treat-
ment.

Cyclic AMP production was assayed by incubating cells
for 30 min at room temperature with ADM or CGRP, in the
presence or absence of CGRPg_37, in medium containing
the phosphodiesterase inhibitor 3-isobutyl-1-methylxan-
thine (IBMX; 1 mM). After boiling for 5 min and centri-
fugation at 14,000 g for 5 min to precipitate cell debris,
cyclic AMP present in supernatants was assayed using a
cyclic AMP-specific enzyme immunoassay (Amersham
International plc.).

2.3. Reverse transcriptase-polymerase chain reaction
(RT-PCR)

After removal of conditioned medium for ET-1 assay,
BAEC or BPASMC monolayers were used for RT-PCR
studies. Total cellular RNA was extracted and RT-PCR
carried out using 100 ng of RNA per reaction [10]. RT-PCR
reactions, using primers for preproET-1 RNA (5'-GAGTG-
TGTCTACTTCTGCCA-3'sense; 5'-TGATGGCCTCCA-
ACCTTCTT-3' antisense) and ICAM-1 (5'-CGACCAC-
AGGAGCAACTTCT-3' sense: 5'-TTCTGGATCTTCCG-
CTGGTA-3 antisense) based on bovine sequences ([23]
and [24], respectively), were performed as described [21].
Primers for CRLR were designed based on sequence
obtained from bovine cDNA (5-AGACATCCAGCAAG-
CAACAG-3' sense; 5'-CACCAGGATAAGCGTAGCTC-
3’ antisense). For quantitation purposes, 23 cycles were
used for preproET-1 and ICAM-1, 25 cycles (94° for 30 s;
65° for 30 s; 72° for 1 min) for CRLR, and 20 cycles for
GAPDH [10]. The cycling conditions for each set of PCR
primers was determined empirically to obtain a cycle
number at which the intensity of the ethidium bromide
stained DNA band was directly and linearly proportional to
the amount of RNA template. Thus, the PCR cycling
conditions were optimised for the linear phase of PCR
amplification. All primers were obtained from Eurogentec
UK Ltd. (Abingdon).

2.4. Peptides and data analysis

Rat ADM, rat CGRP and rat CGRPg_3; used in these
experiments were obtained from Peptide Institute (Osaka,
Japan). Lyophilised peptides were dissolved in 5 mM
acetic acid containing 10% (v/v) dimethylsulphoxide at
stock concentrations of 20 pM for ADM and CGRP, and
200 H.M for CGRP8_37.

Statistical tests of significance were carried out using
one way ANOVA followed by the Dunnett’s multiple
comparisons test as a post-hoc test to obtain P values
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for individual comparisons. Data are expressed as
mean + SEM.

3. Results

The BAEC lines (E11 and F2) used in these studies
expressed abundant levels of CRLR mRNA when com-
pared with BPASMC (Fig. 1A). ADM increased cyclic
AMP production with a threshold of 0.1 nM ADM
(Fig. 1B). CGRP had no significant stimulatory effect
on cyclic AMP production, except at 100 nM CGRP.
Responses were unaffected by the presence of CGRPg_3.

Treatment of these cells with ADM resulted in a potent
concentration-dependent inhibition of ET-1 release. The
threshold concentration causing a significant reduction in
ET-1 release (accumulation in the culture medium over a
6 hr period) was 0.1 pM ADM and maximal inhibition
(50% of basal release) occurred at 1 nM ADM (Fig. 2).
CGRP at concentrations 10 nM had no significant effect on
ET-1 release, although 100 nM CGRP reduced ET-1 pro-
duction by 304 +4.3% (n=4; P <0.01) over a 6 hr

incubation period (data not shown). Thus, both ADM
stimulation of cyclic AMP production and inhibition of
ET-1 release were ADM-specific effects.

The effect of ADM on steady state levels of preproET-1
mRNA (determined by using RT-PCR) was more pro-
nounced at the earlier time point of 2 hr, reaching 30%
of control values. This effect was maximal at ADM con-
centrations of 1 nM (Fig. 2), but showed a significant
reduction at 10 pM ADM. After 6 hr, 1 nM ADM still
exerted a potent inhibitory effect on preproET-1 mRNA
levels, along with a significant reduction at 10 pM, while at
100 nM ADM the inhibition of preproET-1 mRNA expres-
sion was somewhat less than at the 2 hr time point. In
comparison with the effect of ADM on preproET-1 mRNA,
ET-1 release after 2 hr exposure matched the changes in
mRNA levels, while the cumulative effect of 6 hr exposure
showed a more pronounced inhibition of ET-1 release.

In Fig. 2, the threshold concentration of ADM which
inhibited ET-1 release was considerably lower than that
required for cyclic AMP stimulation (Fig. 1B). To deter-
mine whether the effects of ADM on ET-1 were indepen-
dent of cyclic AMP synthesis the cell-permeable analogue
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Fig. 1. (A) Comparison of relative abundance of CRLR mRNA using RT-PCR with 100 ng of total RNA from BAEC and BPASMC. M: molecular size
markers (200 ng) from Haelll-digested $X174 RF DNA (Gibco); bp: base pairs. Duplicate reactions with (RT) and without (no RT) reverse transcriptase. (B)
Cyclic AMP production by BAEC following incubation with increasing doses of ADM (filled squares), or CGRP (filled circles), alone, or in the presence of
100 nM CGRP;_3; (open squares and open circles, respectively). Data expressed as % basal value (2.1 0.2 pmol/10°® cells/30 min; n = 4); “"P < 0.001.
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Fig. 2. (A) Representative RT-PCR results for preproET-1 mRNA (upper panels) and GAPDH mRNA (lower panels) in BAEC incubated for 2 hr (left hand
panels) or 6 hr (right hand panels) with or without increasing concentrations of ADM. (B) Pooled data showing effect of increasing concentrations of ADM
on preproET-1 mRNA levels (relative to GAPDH levels) and expressed as % of basal values (upper panels), and ET-1 release (lower panels). Data expressed

as mean = SEM; P < 0.01; P < 0.05 (n = 4-8). Mean basal release over 2hr = 7.2 0.2 fmol/crn2; over 6hr = 14.2 + 2.0 fmol/cm?.

of cyclic AMP, 8-bromo cyclic AMP, was used to examine
its effect on ET-1 release and preproET-1 mRNA levels.
ADM caused a concentration-dependent inhibition of ET-1
release under both basal and TNFa-stimulated conditions
(Fig. 3A), with a significant threshold inhibition of TNFa-
stimulated ET-1 release at 1| pM ADM. No concentration-
dependent effect was observed with 8-bromo cyclic AMP
under either basal or TNFa-stimulated conditions (Fig. 3B).

Fig. 4A represents a separate experimental dataset and
shows the effect of either ADM (1 nM) or 8-bromo cyclic
AMP (10 uM) on ET-1 release with or without the addition
of TNFa (10 ng/mL) during either a 2 or 6 hr incubation.
The effects were similar but more pronounced during a 6 hr
incubation. This sustained inhibition of ET-1 production by
ADM follows some time lag and reflects more closely the
effects on preproET-1 mRNA at 2 hr (Fig. 4B left panel)
than does the 2 hr secretion data (Fig. 4A; 2 hr). TNFo
alone caused an increase in ET-1 release. ADM reduced
ET-1 release under both basal and TNFa-stimulated con-
ditions. 8-Bromo cyclic AMP was without significant
effect. Total RNA from these cells, at the end of the
2 hr incubation, was analysed by RT-PCR. 8-Bromo cyclic
AMP (10 pM) had no effect on preproET-1 mRNA levels
under basal or TNFa-stimulated conditions (Fig. 4B) while
ADM (1 nM) markedly reduced both basal and TNFa-sti-
mulated preproET-1 mRNA levels. To confirm that 8-bromo
cyclic AMP was having an effect on these cells we investi-
gated ICAM-1 gene expression. [CAM-1 is known to be
up-regulated by TNFo and down-regulated by cyclic AMP.
Fig. 4C shows ICAM-1 mRNA levels after 2 hr treat-
ment with ADM (1 nM) or 8-bromo cyclic AMP (10 uM)
with and without TNFo. As expected, TNFa increased
ICAM-1 mRNA levels in parallel with preproET-1 mRNA.
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Fig. 3. (A) Concentration-dependent inhibition of ET-1 release by
adrenomedullin in the presence (open circles) and absence (closed circles)
of TNFa (10 ng/mL) during a 6 hr incubation. (B) Lack of effect of
8-bromo cyclic AMP under similar conditions (*P <0.05; P <0.01;
*P < 0.001, n = 12). Dashed lines denote 100% basal ET-1 release.
Mean basal release 18.2 =+ 0.9 fmol/cm?/6 hr.
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Fig. 4. (A) Reduction in basal and TNFa (10 ng/mL)-stimulated ET-1 release by ADM (1 nM) during 2 hr (left panel) and 6 hr (right panel) incubation. No
significant effect of 8-bromo cyclic AMP (10 pM) was observed. Significantly different from basal ("""P < 0.001; P < 0.01; “P < 0.05) or TNFo-
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representative agarose gel (above) and band density normalised to GAPDH mRNA levels (below). Significantly different from basal (P < 0.001;

P < 0.01; "P < 0.05) or TNF-stimulated (*P < 0.05; "*P < 0.001) (n = 3-4).

In contrast, however, the TNFa-stimulated increase in
ICAM-1 mRNA was reduced by 50% by 8-bromo cyclic
AMP. This shows that while the expected effect of the
cyclic AMP analogue with respect to ICAM-1 expression
did occur, no effect of this compound was observed in
relation to inhibition of ET-1 production.

4. Discussion

The studies described here show that ADM causes a
potent, and sustained, concentration-dependent inhibition
of ET-1 release in BAEC. The abundant expression of
CRLR mRNA in the BAEC used for these studies suggests
that CRLR mediates this effect. The low level of CRLR
mRNA in BPASMC is in agreement with studies on other
VSMC [25]. The effects of ADM were clearly mediated

via a specific ADM-receptor since CGRP was unable to
inhibit ET-1 release except at 100 nM. At this concentra-
tion it seems likely that CGRP is a partial agonist on high
affinity ADM-receptor as the CGRP-receptor antagonist
CGRPg_37 did not abolish the effects of CGRP on cyclic
AMP production (Fig. 1B). A correlation between high
levels of CRLR transcript and ADM binding was recently
reported in comparing rat lung (known to be a rich source
of endothelial cells) with other rat tissues [26]. Further-
more, in transient expression studies of CRLR and RAMP1
and 2 [27], it appears that ADM binding is the ‘default’
phenotype for CRLR alone, and that this is enhanced by
RAMP2. There is clearly a cell- and tissue-specific binding
profile for ADM and CGRP which can be explained on
the basis of different levels of expression of RAMP1 and
2 [14]. Where a particular cell or tissue expresses both of
these accessory proteins a mixed profile of ADM and
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CGRP binding should be expected. Thus, in artery seg-
ments of different diameters, the responses to ADM and
CGRP reflected the ratio of RAMP2 to RAMPI, with
levels of CRLR [28]. In rat testicular peritubular myoid
cells (TPMC), ADM is the more potent of the two agonists
although these cells respond to both ADM and CGRP to
produce cyclic AMP [29]. Based on other studies one might
therefore expect TPMC to express both RAMPI and 2, but
to express more of the latter. The action of exogenous ADM
on these cells would presumably be able to act through a
CRLR-RAMP1 (CGRP) and CRLR-RAMP2 (ADM)
receptor which could explain why a CGRP-receptor
selective antagonist, CGRPg_37;, and an ADMe-receptor
antagonist, ADM,,_s;, are both able to inhibit the actions
of ADM in these cells. On this basis we would predict that
in endothelial cells, which have been shown to express
RAMP2 and CRLR alone [15,27], ADM would be the
sole agonist and that CGRPg_3; would have no antagonist
effect on this CRLR-RAMP2 receptor system.

The actions of ADM in a number of different tissues
have been generally assumed to be the consequence of an
increase in cyclic AMP production, with a consistent
threshold of cyclic AMP stimulation of around 0.1 nM
ADM [1-4]. Since both of the putative cloned ADM
receptors have been characterised as mediators of ADM-
stimulated cyclic AMP production [11,12], this suggested a
cyclic AMP-dependent mechanism. We have also pre-
viously shown that ADM stimulates cyclic AMP formation
in endothelial cells [30]. Indeed, ADM did increase cyclic
AMP production by these cells (at concentrations above
0.1 nM). However, this increase cannot account for the
effect of ADM on ET-1 release which occurred at much
lower ADM concentrations, but rather this suggests that the
ADM-dependent inhibition of ET-1 release is independent
of cyclic AMP. In support of this conclusion, we found that
8-bromo cyclic AMP, a stable analogue of cyclic AMP, was
unable to mimic the effects of ADM on ET-1 synthesis,
whilst still having an appropriate inhibitory effect on
ICAM-1 expression. The effect of ADM on ET-1 release
was maintained over a 6 hr incubation period and this
sustained inhibition of ET-1 release was preceded by rapid
reductions in preproET-1 mRNA levels suggesting an
effect on preproET-1 gene transcription (Fig. 4). In con-
trast, Kohno et al. [31] have shown that ADM can inhibit
thrombin and PDGF-stimulated ET-1 production in rat
VSMC. Furthermore, they were able to show that this
effect could be mimicked by 8-bromo cyclic AMP. In
rat VSMC cultures they were unable, however, to show
any inhibitory effect on basal ET-1 production. These
differences emphasise the point that each cell type may
exhibit strikingly different mechanisms of gene regulation
in response to ADM. Given their proximity in the vascu-
lature the fact that VSMC and endothelial cell responses to
ADM are different must be important in maintaining a
balance of ADM and ET-1 secretion by these two cell

types.

According to other reports, the accumulation of ADM
secreted by endothelial cells in culture can range between 2
and 20 pM over a 2 hr period (extrapolating from values for
a 24 hr incubation period) [8,9]. In the latter report TNFa
caused a doubling of the amount of ADM secreted. In our
experiments exogenously added ADM was having a sig-
nificant inhibitory effect on ET-1 secretion at concentra-
tions between 0.1 and 1 pM for both TNFa-stimulated and
basal ET-1 production (Fig. 3A). This would suggest that
endogenous ADM secretion was having a minimal or no
effect in our studies. These differences probably reflect
the effects of different culture conditions on a given cell
type from different species. However, irrespective of any
contribution from endogenous ADM secretion, we were
able to show a clear and extremely potent inhibition of
ET-1 production by bovine endothelial cells, which was not
dependent on cyclic AMP production.

A number of factors have been shown to reduce ET-1
gene transcription in endothelial cells [17], including shear
stress, calcium ionophore, and forskolin [22], but the
precise mechanisms of these inhibitory effects are not
established. No functional response element for cyclic
AMP-responsive element binding protein (CREB) has
been previously described in the ET-1 gene promoter,
although use of MatInspector V2.2 (based on TRANSFAC
4.0 [32]) reveals three potential CREB binding sites in the
5'-flanking region of the ET-1 gene (EMBL accession
number J05008). The cyclic AMP analogue dibutyryl
cyclic AMP has been shown to reduce both serum- and
thrombin-stimulated, but not basal, ET-1 synthesis in
human endothelial cells and rat VSMC [31,33]. However,
our data indicates that inhibition of both basal and TNFa-
stimulated ET-1 synthesis by ADM occurs at concentra-
tions below those at which ADM causes increases in cyclic
AMP, suggesting an alternative mechanism. TNFa« is a
well-established regulator of gene transcription in endothe-
lial cells exerting its actions through several different
transcription factors including GATA-2, NF-kxB, and mod-
ulators of phorbol ester-activated pathways such as protein
kinase C (PKC). These transcription factors have been
implicated in transcriptional regulation of the ET-1 gene by
TNFa [34]. TNF-stimulation of endothelial arginine trans-
port occurs through PKC activation [35] and TNFa had no
effect on cellular cyclic AMP levels in human aortic
endothelial cells [36]. Thus, there is no evidence that TNFa
should itself increase cyclic AMP in our experiments. In
another system, both TNFa and dibutyryl cyclic AMP were
shown to increase ET-2 gene expression but through
independent pathways [37].

Other possible mechanisms which require further inves-
tigation follow observations that prostaglandin-dependent
decreases in preproET-1 mRNA levels are cyclic GMP-
dependent [38]. ADM has also been shown to evoke
vasodilation not only through cyclic AMP but also through
the nitric oxide/cyclic GMP pathway [39,40]. One report
suggests that ADM can cause increases in intracellular
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calcium in endothelial cells [41] but we could not confirm
this in our previous studies [30]. Other mechanisms
through which ADM has been proposed to act include
effects on potassium and calcium channels [3,4,42]. In
addition, little is currently known with respect to coupling
of CRLR to other signal transduction pathways in endothe-
lial cells since this receptor has so far only been charac-
terised with respect to cyclic AMP generation [14,42].

Regulation of ET-1 gene expression is an extremely
complex process. It has been thoroughly established that
basal expression involves the binding of GATA-2 and c-Jun
and c-Fos (activator protein-1 (AP-1)) to their specific
response elements in the ET-1 gene promoter [43]. How-
ever, in certain situations of stress it can be seen that
GATA-2 and AP-1 function in conjunction with additional
transcription factors, for example, under hypoxic condi-
tions with hypoxia-inducible factor-1 (HIF-1), to activate
ET-1 gene expression in endothelial cells [44]. Similarly,
cytokines such as TNFa and interferon-gamma can acti-
vate ET-1 expression in VSMC [45], via the actions of a
number of transcription factors, and this may involve use of
NF-kB, signal transducer and activator of transcription
(STAT), and interferon regulatory factor-1 (IRF-1) promo-
ter elements. It is therefore conceivable that the inhibitory
action of ADM on both basal and TNFa-stimulated ET-1
gene expression may result from effects of ADM—-CRLR
signalling on one or several of these transcription factors.

The potent inhibitory effects of ADM on ET-1 release
described here indicate that physiological concentrations of
ADM are likely to be a physiological regulator of ET-1 gene
expression. Indeed, evidence that exposure of rat VSMC to
ET-1 results in increased secretion of ADM [8], via the
endothelin type B receptor [46], suggests an important
reciprocal interplay between these two peptides as part of
local vascular homeostatic mechanisms. One could envisage
a balance between ADM and ET-1 under basal conditions
while under certain conditions of stress this balance could
be shifted. Hence, studies to investigate the regulation of
CRLR and RAMP2 in endothelial cells, and the downstream
control of ET-1 gene expression, are likely to provide novel
insights into mechanisms that protect against diseases such
as hypertension or atherosclerosis.
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