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Transcriptional regulated plasticity of vascular contractile endothelin
ET, receptors after organ culture
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Abstract

The aim of the present study was to investigate the level of regulation of the contractile endothelin ETg receptor which appears
spontaneously after organ culture of vascular segments. Endothelin-1 elicited a strong contraction while the selective endothelin ETg
receptor agonist, sarafotoxin 6c¢, had a negligible effect on fresh ring segments of rat mesenteric artery. After organ culture in serum-free
Dulbecco’s modified Eagle’s medium at 37°C (for 1 or 2 days) the endothelin-1-induced contraction was unchanged, whereas sarafotoxin
6¢ induced, after 1 day, a marked contraction which was further increased at day 2. The contraction induced by sarafotoxin 6¢c was
significantly attenuated by the transcriptional inhibitor, actinomycin D, or the trandationa inhibitor, cyclohexamide, while the
endothelin-1-induced contraction was much less affected. MRNA for endothelin ET, and endothelin ETg receptors was present in fresh
human omental arteries denuded of endothelium. However, after organ culture, endothelin ET; mRNA was more prominent than
endothelin ET, mRNA. Furthermore, the mRNA for both receptors was decreased after treatment with actinomycin D but not with
cyclohexamide. This suggests that the endothelin ET, receptor is the dominating contractile receptor in fresh arteries while organ culture

induces transcription and subsequent translation of contractile endothelin ET receptors. © 1997 Elsevier Science B.V.

Keywords: Endothelin ET, receptor; Endothelin ET receptor; Organ culture; Reverse transcription-polymerase chain reaction; Up-regulation

1. Introduction

The potent vasoconstrictor, endothelin-1, produced by
the endothelial cells, is supposed to mediate its effect in
mammals through two distinct receptor subtypes, the en-
dothelin ET, and the endothelin ET receptor (Arai et al.,
1990; Sakurai et al., 1990; Y anagisawa et al., 1988). In the
vascular system, the endothelin ET, receptor is mainly
situated on the smooth muscle cells mediating contraction,
while the endothelin ETy receptor is localized on the
endothelial cells mediating vasodilatation and in some
vascular regions on the smooth muscle cells mediating
contraction (Sakurai et al., 1992). For example, rat and
rabbit aorta, and most human arteries demonstrate in vitro
the endothelin ET, receptor as the dominating contractile
receptor (Maguire and Davenport, 1995; Moreland et al.,
1994; Sumner et al., 1992). However, rabbit jugular and
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saphenous veins in vitro as well as human resistance and
capacitance vessels in vivo have endothelin ET, and en-
dothelin ETg receptors which mediate almost equal con-
tractions (Haynes et al., 1995; Moreland et a., 1994;
Sumner et al., 1992).

The heterogeneous distribution of the contractile vascu-
lar endothelin ETg receptors between species and between
different vessels in the same species is further complicated
by the recently discovered plasticity of the endothelin ETg
receptor. In vivo studies in dogs have shown that the
endothelin ETg receptor is upregulated after a chronic
increase in blood flow (Barber et a., 1996) or after
experimental cerebral vasospasm (Roux et a., 1995) and
that there is an enhanced endothelin ET receptor-induced
coronary vasoconstriction in experimental congestive heart
failure (Cannan et a., 1996). In addition, studies of hu-
mans demonstrate upregulation of endothelin ETg recep-
tors in atherosclerotic human coronary arteries (Dagassan
et a., 1996). The endothelin ET, receptors appear to
contribute to basal vascular tone induced by endogenous
endothelin release in patients with coronary heart diseases
(Wenzel et a., 1996). Thus, endothelin ET, receptor
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plasticity may have both a physiological and a pathophysi-
ologica role.

In contrast to smooth muscle cells in culture which tend
to differentiate from their normal contractile phenotype
(Chaley-Campell et a., 1979), organ culture makes it
possible to study receptor regulation in smooth muscle
cells with functional contractile capacity. We have shown
previously that a contractile effect of the endothelin ETg
receptor appears spontaneously in human omental arteries
after 1-5 days of organ culture (Adner et al., 1995, 1996).
The aim of the present study was to examine the level of
regulation of the contractile endothelin ET, receptor that
occurs after organ culture.

2. Materials and methods
2.1. Tissue preparation and organ culture procedure

Rat mesenteric arteries were used in this study for in
vitro pharmacology because of less variation between adja-
cent segments from the same vessel (unpublished observa-
tions). Human omental arteries were used for mRNA
detection because the problem of variation does not arise
in the long segments used. The protocol was approved by
the Ethical Committee of the Lund University.

For in vitro pharmacology male Wistar-Kyoto rats
(200-250 g; Mellegarden, Denmark) were anaesthetized
with CO, and killed by a cut through the heart. The
superior mesenteric arteries with adherent branches were
immediately taken out, immersed in cold (4°C) sterile
Dulbecco’'s modified Eagle’s medium (DMEM; Sigma, St.
Louis, MO, USA). The first order of the arterial branch
was dissected free from adherent tissue under cold sterile
conditions and cut into 1 mm long circular segments.

For RNA extraction and further reverse transcription-
polymerase chain reaction (RT-PCR), human omental ar-
teries with connecting fat were removed from patients
during abdominal surgery and were immersed in cold
sterile DMEM. Within 2 h of their removal, vessels with a
resting diameter between 0.2 and 0.5 mm were dissected
free from adherent tissue under sterile conditions and
prepared as open-ring segments, 20—40 mm long. A scalpel
was used to remove the endothelium and adventitia. After
preparation, the segments were frozen in liquid nitrogen
and stored at —70°C.

Segments from each vessel were divided into two
groups. one for immediate experimental analysis (fresh)
and the other for organ culture. The segments for organ
culture were placed in a well plate, one segment in each
well containing DMEM and incubated at 37°C in humidi-
fied 5% CO, in air. Serum-free DMEM (4500 mg- 1!
p-glucose) contained sodium pyruvate (110 mg-171), L-
glutamine (584 mg-1-1), and was supplemented with
penicillin (100 U-ml~1) and streptomycin (100 wg-
ml~1). Segments were incubated for 24-h culture (one

day) as time control and with either the transcriptional
inhibitor, actinomycin D (5 wg- ml~1), or the translational
inhibitor, cyclohexamide (10 p.g- mli~*) (Schramek et al.,
1995). The presence or the absence of endothelium was
verified by staining with 5% silver nitrate followed by
light microscopy (Abrol et al., 1984).

2.2. In vitro pharmacology

Vasomotor reactivity was analysed in temperature-con-
trolled (37°C) tissue baths containing a buffer solution
composed of 119 mM NaCl, 15 mM NaHCO,, 4.6 mM
KCl, 1.2 mM MgCl,, 1.2 mM NaH,PO,, 1.5 mM CaCl,
and 5.5 mM glucose. The solution was continuously equi-
librated with 5% CO, in O, resulting in a pH of 7.4. The
vessel segments were mounted on two L-shaped metal
prongs. One prong was connected to a force-displacement
transducer (FTO3C, Grass Instruments, Quincy, MA, USA)
attached to a MacL ab unit (ADInstruments, Hastings, UK)
for continuous recording of isometric tension by means of
the Chart software (ADInstruments). The other prong was
connected to a displacement device, allowing adjustment
of the distance between the two parallel prongs. A passive
tension of 2 mN was applied to the segments. The speci-
mens were subsequently allowed to stabilize at this level
of tension for 60 min. The contractile capacity of each
tissue segment was tested by exposure to a potassium
(K*)-rich buffer solution (60 mM) which had the same
composition as the standard solution except that NaCl was
exchanged for an equimolar concentration of KCI. When
two reproducible contractions had been obtained (variation
less than 10%) the vessels were used for further studies.

Concentration—response curves for the endothelin ago-
nists were obtained by cumulative application of the pep-
tides. Contractile responses of each segment were ex-
pressed as percentages of the contraction induced by 60
mM K*, and the maximum contractile effects of the
agonist are given as E,, values. The potency of the
agonists was expressed as pECg, values (negative loga
rithm of the molar concentration of agonist inducing half-
maximum response). To further investigate the contractile
capacity of the vessel, a high concentration of noradrena-
line (100 wM) was added to the control vessel segments:
for the segments affected by endothelin-1 at the time of
maximum effect, and for the segments affected by sarafo-
toxin 6¢ after baseline was reached.

2.3. Molecular biology

2.3.1. RNA preparation

The total cellular RNA from human omental arteries
was isolated using the TRIzol reagent (Life Technologies,
Gaithersburg, MD, USA) following the kit protocol. Briefly
the frozen tissue samples were homogenized in TRIzol.
RNA was precipitated with isopropanol, washed with 75%
ethanol and finally dissolved in 20 .l diethylpyrocarbon-
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ate-treated water. Amount and purity of the RNA were
evaluated using a DU-64 spectrophotometer (Beckman,
Fullerton, CA, USA) at absorption wavelengths of 260 and
280 nm. Preparations with a ratio better than 1.6 were
considered pure and were used for the experiments.

2.3.2. Reverse transcription-polymerase chain reaction
(RT-PCR)

The reverse transcription of total RNA to cDNA and
subsegquent PCR were carried with the GeneAmp RNA
PCR kit (Perkin Elmer, Foster City, CA, USA) in a Perkin
Elmer DNA Thermal Cycler. First-strand cDNA was syn-
thesized from 1 pg total RNA in 20-wl reaction volume
using random hexamers as primers. The reaction mixture
was incubated at 42°C for 15 min, heated to 99°C for 5
min, and chilled to 5°C for 5 min. A 2-p.l portion of the
resultant cDNA was amplified by PCR in a final volume
of 50 wl, following a standard PCR protocol. AmpliTaq
DNA polymerase (Perkin Elmer) was used as the ther-
mostable enzyme. The PCR was carried out with the
following profile: 2 min at 95°C for 1 cycle; 1 min at 95°C
and 1 min at 60°C for 30 or 40 cycles; 7 min at 72°C for 1
cycle; incubation at 4°C for 5 min. A blank (water) was
included in all experiments. Control experiments showed
that 30 cycles were within the exponential phase of the
PCR (not shown). 40 cycles of PCR were only performed
in the case of actinomycin-D-treated vessels in order to
obtain visible bands.

2.3.3. Oligonucleotide design

RT-PCR assays for endothelin ET, and endothelin ETg
receptor mRNA were performed using the following
primers (Scandinavian Gene Synthesis, Koping, Sweden):
endothelin ET, receptor forward, 5-TGGCCTTTTGAT-
CACAATGACTTT-3 (bases 436-459); endothelin ET,
receptor reverse, 5-TTTGATGTGGCATTGAGCATA-
CAGGTT-3 (bases 737-711); endothelin ET, receptor
forward, 5-ACTGGCCATTTGGAGCTGAGATGT-3
(bases 497-521); endothelin ET, receptor reverse, 5-
CTGCATGCCACTTTTCTTTCTCAA-3 (bases 924-
901). The primers were designed to span one or more
introns so that PCR amplification of the cDNA could be
interpreted to reflect tissue mMRNA expression rather than
contamination by genomic DNA (Arai et al., 1993; Hosoda
et a., 1992; O'Rellly et al., 1992).

2.3.4. Verification of PCR products

The identity of the PCR products was verified by
restriction analysis and sequencing. Briefly, approximately
80 ng of gel-purified PCR products was directly sequenced
with both forward and reverse primers, using the Amplitaq
FS cycle sequencing kit (Perkin-Elmer) on a DNA thermo-
cycler (Perkin-Elmer) according to the manufacturer’s pro-
tocol. After the reaction the samples were purified and run
on an ABI Prism 310 DNA sequencer (Perkin-Elmer). The
resulting sequences were finally checked for homology to

the published sequences in GenBank using the BLAST
algorithm of Altschul et al. (1990). In addition restriction
analysis of the fragments was performed as described
elsawhere (Adner et al., 1996). Briefly, endothelin ET,
receptor fragments were digested with BamHI (Fermentas,
Vilnius, Lithuania) generating two fragments, i.e., 108 and
194 basepairs. Endothelin ETg receptor fragments were
digested with EcoRV (Boehringer-Mannheim, Mannheim,
Germany) generating two fragments, i.e, 100 and 328

basepairs.

2.3.5. Densitometric analysis of PCR products

After RT-PCR, a 10 .l aliquot from each PCR product
was separated on a 1.5% agarose gel containing 0.5 w.g,/ml
ethidium bromide, in 1 X TBE buffer (89 mM Tris-borate,
2 mM EDTA, pH 8.0; Sambrook et al., 1989). The gels
were photographed on an UV box using Polaroid 667 film.
The pictures were scanned on a Umax-S6e flatbed scanner
and analyzed densitometrically with the NIH-Image soft-
ware (v1.60) (Rasband and Bright, 1995). Before calcula-
tion of the ratio between endothelin ET, receptor and
endothelin ETg receptor band densities, the endothelin
ET, receptor values were corrected for the decreased
ethidium bromide incorporation of the shorter endothelin
ET, receptor fragment, using the equation of Menzo et a.
(1992):

corrected density = (measured density) X (428,/302).

2.4. Drugs

Endothelin-1 and sarafotoxin 6¢ (Auspep, Parkville,
Australia) were dissolved in 0.1% (w/v) bovine serum
albumin in double-distilled water and further diluted in
buffer solution. Actinomycin D, cyclohexamide, nor-
adrenaline and all other reagents were purchased from
Sigma, if not otherwise stated.

2.5. Satistics

The data are expressed as mean values+ S.E.M. and n
refers to the number of rats or patients from whom the
vessel segments were obtained. The Wilcoxon signed-rank
test was used for paired analysis, with Friedman multiple
analysis. The Mann-Whitney U-test and Kruskal-Wallis
test for multiple groups, together with Bonferroni correc-
tion were used for unpaired analyses. Differences were
considered significant at P values < 0.05.

3. Results
3.1. Vasomotor responses
3.1.1. Potassium-induced contraction

The K*-induced contraction, used as reference for the
contractile capacity of the rat mesenteric artery, was not
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different in any of segments exposed to endothelin-1 and
sarafotoxin 6¢. Neither was there any difference in contrac-
tile capacity between fresh segments (6.49 + 0.79 mN,
n=7) and segments cultured for 1 day (5.45 + 0.90 mN,
n=28) or 2 days (5.10 + 1.05 mN, n=6). Further, there
was no difference in the K *-induced contraction in vessels
cultured with actinomycin D at day 1 (6.78 + 0.74 mN,
n=38) or at day 2 (4.32+0.39 mN, n=6) and also not
for cyclohexamide at day 1 (5.25+ 0.82 mN, n=8) or at
day 2 (6.01 + 1.26 mN, n=6), compared to the contrac-
tion of control arteries.

3.1.2. Contractile effects of endothelin-1 and sarafotoxin
6¢ in fresh and cultured segments

The endothelin-1-induced maximal contractions in fresh
segments, in segments cultured for 1 day and in segments
cultured for 2 days did not differ significantly as to
absolute values (8.99 + 1.03 mN, 9.78 + 1.01 and 5.36 +
1.12, respectively), whereas the E,,, values measured as
percent of K*-induced contraction differed significantly
between al the three groups (Table 1). The potency of
endothelin-1 showed a trend to increase during culturing
but the values were not significantly different from each
other. Sarafotoxin 6¢ did not cause any statistically signifi-
cant contraction in the fresh segments (Fig. 1), but elicited
a clear-cut contraction in segments cultured for 1 and for 2
days (Table 1). The E,,, for sarafotoxin 6c was 70% of
that for endothelin-1, day 1, and 98% of that for endothe-
lin-1, day 2. The potency of sarafotoxin 6¢c was higher
after 2 days culture compared to that with arteries cul-
tured for 1 day. It was interesting that, after reaching its
maximum, the contraction with endothelin-1 was stable
and did not reach baseline even after 2 h with severd
washes, whereas the sarafotoxin 6c-induced contraction
after reaching its maximum, rapidly decreased back to its
baseline within 30 min (not shown).

3.1.3. Noradrenaline-induced contraction
At the maximum effect of endothelin-1, a single dose of
noradrenaline (100 M) did not cause a further contraction

Fresh arteries
200+

1504

100+

Contraction (% of K°)

50

Agonists (log M)

Fig. 1. Contraction of fresh rat mesenteric artery induced by cumulative
concentrations of endothelin-1 (O) and sarafotoxin 6¢ (O). The contrac-
tion of each segment tested was calculated as a percentage of the
potassium (K * )-induced contraction in the same segment, and each point
represents the mean for all segments tested, with error bars representing
SEM. n=7.

stronger than the one endothelin-1 had €licited, in either
fresh or cultured arteries (n = 6-8), which indicated that
endothelin-1 alone has the capacity to induce a contraction
close to the maximum of the vessel with only the endothe-
lin ET, receptor and with both endothelin ET, and en-
dothelin ETg receptors. When the segments had reached
baseline after the concentration—response curve for sarafo-
toxin 6¢, noradrenaline elicited, as compared to the K *-in-
duced contraction (not shown), a contraction of 123 + 3%
(6.54 + 0.62 mN, n=6) in fresh arteries, 141 + 5% (7.03
+0.72 mN, n=16) in arteries cultured for 1 day and
99 + 7% (5.60 + 0.97 mN, n=6) in arteries cultured for 2

days.

Table 1
Contractile effects of ET-1 and sarafotoxin 6c¢ (S6¢) in rat mesenteric arterial segments
Control Actinomycin D (5 ng/ml) Cyclohexamide (10 p.g/ml)
n Ennax PECs5o n Enmex PECs n Ennax PECs
Day 0 ET-1 7 142 + 11 8.45 + 0.08
S6c 7 1+1 N.D.
Day 1 ET-1 8 205+ 26 P 8.89 + 0.37 8 132+10% 8.75+0.21 8 177 + 14 8 8.65 + 0.13
S6c 8 138+ 12° 9.04 + 0.09 8 2+1¢% 9.23 + 0.35 8 34+11° 8.96 + 0.12
Day 2 ET-1 6 106 + 4 ¢ 9.45+0.39 6 9+6 9.35+0.22 6 104+ 6 8.90 +0.32
S6c 6 104 +55¢ 9.69+0.26 © 6 62+8°% 9.52 + 0.15 6 42+15% 9.35+ 0.15

Segments were used fresh (day 0), cultured for 1 day (day 1); without (control) and with actinomycin D or cyclohexamide, or cultured for 2 days (day 2);
the first day without treatment and the second day without (control) and with actinomycin D or cyclohexamide. Responses were characterized by E, .,
values (maximum contractile effect expressed as a percent of 60 mM K *-induced contraction) and pECg, vaues (negative logarithm of the molar
concentration that produced half-maximum contraction) and expressed as mean with SE.M. n represents the number of animals.

& P < 0.05 compared to control.
bp <005 compared to day O.
¢ P < 0.05 compared to day 1.
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Fig. 2. Contraction of rat mesenteric artery induced by cumulative
concentrations of endothelin-1 (O) (A) and sarafotoxin 6¢ (00) (B). The
segments had been in organ culture for 1 day without or together with the
transcriptional inhibitor, actinomycin D (5 wg/ml) (m), or the transla
tiona inhibitor, cyclohexamide (10 wg,/ml) (a). The contraction of each
segment tested was calculated as a percentage of the potassium (K * )-in-
duced contraction in the same segment, and each point represents the
mean for all segments tested, with error bars representing SE.M. n=8.

3.1.4. Contractile effects after treatment with actinomycin
D and cyclohexamide

In arteries cultured with the transcriptional inhibitor
actinomycin D (5 .g/ml) for 1 day, the E,,, for endothe-
lin-1 was attenuated and endothelin-1 elicited a contraction
of 68% compared to endothelin-1 applied the same day
(Fig. 2A). Sarafotoxin 6¢ induced a contraction that was
only 1% of that seen with endothelin-1 and that was not
significantly different from the negligible effect in fresh
arteries (Fig. 2B).

Segments cultured together with the trandational in-
hibitor, cyclohexamide (10 pwg/ml), had an E,, for

endothelin-1 that was 86% of that seen in cultured control
arteries (Fig. 2A). The sarafotoxin 6¢c contraction was
attenuated by the cyclohexamide treatment and yielded an
E.x that was 16% of that with endothelin-1 the same day
(Fig. 2B).

Since actinomycin D and cyclohexamide strongly di-
minished the endothelin ET, receptor-induced contraction
after 1 day of incubation, we studied further the effect of
the same agents in segments which, after 1 day, had
developed the response of contractile endothelin ETg re-
ceptors. However, the E,,, for endothelin-1 after 1 day of
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Fig. 3. Contraction of rat mesenteric artery induced by cumulative
concentrations of endothelin-1 (O) (A) and sarafotoxin 6¢ (0O) (B). All
segments had been in organ culture for 1 day without any treatment and
thereafter were further cultured 1 day without or together with the
transcriptional inhibitor, actinomycin D (5 wg/ml) (m), or the tranda
tional inhibitor, cyclohexamide (10 wg,/ml) (). The contraction of each
segment tested was calculated as a percentage of the potassium (K )-in-
duced contraction in the same segment, and each point represents the
mean for all segments, tested with error bars representing SE.M. n=6.
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culture (with no treatment) and a further day of subsequent
culture with actinomycin D or cyclohexamide was not
affected (95% and 99% of the endothelin-1 effect same
day, respectively)(Fig. 3A). However, the E,,, induced by
sarafotoxin 6¢ was decreased to 58% and 40% of that with
endothelin-1, respectively (Fig. 3B).

3.2. mRNA for the endothelin ET, and ET; receptor

RT-PCR analysis was performed on RNA extracted
from endothelium-denuded human omental arteries that
were treated in the same way as the vessels for in vitro
pharmacology. After 30 cycles of amplification, products
of the expected sizes (302 basepairs for endothelin ET,
and 428 basepairs for endothelin ET, receptors) were
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Fig. 4. RT-PCR andysis from RNA which was isolated from endothe-
lium-denuded human omental arteries. (A) Representative electrophoresis
from one patient; a 10-w.l aliquot from each PCR product was separated
on a 1.5% agarose gel containing 0.5 pg,/ml ethidium bromide. The sizes
of the fragments were 302 basepairs for the endothelin ET, receptor
product and 428 basepairs for the endothelin ETg receptor product. Lane
M: 100 basepairs ladder; lane B: blank (H,0); lanes 1 and 2: fresh artery,
30 cycles; lanes 3 and 4: artery cultured for 1 day, 30 cycles; lanes 5 and
6: artery cultured for 1 day with actinomycin D, 30 cycles; lanes 7 and 8:
artery cultured for 1 day with actinomycin D, 40 cycles; lanes 9 and 10:
artery cultured for 1 day with cyclohexamide, 30 cycles. (B) Compiled
ratios of MRNA for endothelin ET, and endothelin ETg receptors from
fresh arteries (n=15) and arteries cultured for 1 day; control (n=4),
treated with actinomycin D (AcD) (n=3) or cyclohexamide (Cyclo)
(n=3). Ratios are calculated as the densitometrically analyzed signal for
the endothelin ET, receptor product divided by the signal for the
endothelin ETg receptor product for each sample, corrected for different
lengths (see Section 2), each point representing the mean with error bars
(SEM.). © P < 0.05 compared with fresh arteries.

detected in RNA preparations from fresh arteries and
arteries cultured without actinomycin or cyclohexamide
(time control) (Fig. 4). The identity of the products was
verified by DNA sequencing, which showed no dissimilari-
ties from the published sequences (Arai et a., 1993;
Hosoda et al., 1992) and by restriction andysis, that
yielded products of the expected size after cleavage (see
Section 2). In fresh arteries, the endothelin ET, /ET,
receptor ratio of intensity for the bands was 1.78 + 0.18
(n=4) which indicated that the amount of mRNA for the
endothelin ET, receptor exceeded the amount of mRNA
for the endothelin ET receptor (Fig. 4B). However, after
1 day of organ culture there was a greatly increased
expression of MRNA for the endothelin ETg receptor. This
was verified by densitometric analysis that yielded an
endothelin ET, /ETg receptor ratio of 0.61 + 0.09 (n=4)
which was significantly lower than that seen for the fresh
arteries (P = 0.017). No visible bands were detected from
arteries incubated with actinomycin D after 30 cycles of
PCR, whereas 40 cycles of PCR generated visible products
corresponding to the endothelin ET, and the endothelin
ETg receptors (Fig. 4A). This demonstrates that actino-
mycin D attenuated the transcription of mRNA for both
receptors. The ratio of endothelin ET, and endothelin ETg
receptor mRNA tended to resemble the pattern from fresh
segments (1.83 + 0.68, n = 3) (Fig. 4B). In contrast, arter-
ies treated with cyclohexamide, after 30 cycles of amplifi-
cation, showed visible bands with a pattern similar to that
of the time control with an endothelin ET, /ETg receptor
ratio of 0.58+0.12 (n=23) (Fig. 4B) and was signifi-
cantly different from fresh artetries (P = 0.036). This indi-
cates that cyclohexamide did not affect the expression of
MRNAs for either endothelin ET, or endothelin ETg re-
ceptors.

4. Discussion

In this study we demonstrated that in fresh rat mesen-
teric artery, contraction is mediated through only endothe-
lin ET, receptors and that mRNA for both endothelin ET,
and endothelin ET receptors was present in endothelium-
denuded human omental arteries. In contrast, segments
which had been cultured for 1 or 2 days showed a strong
and potent endothelin ET receptor-mediated contraction.
The spontaneous increase in the contractile effect for the
endothelin ET, receptors after organ culture was depen-
dent on de novo transcription and trandation of mRNA.
Thus, these in vitro data demonstrated that the plasticity in
the smooth muscle cell expression of contractile endothelin
ETg receptorsis regulated at the transcriptional level.

The contractile effect of endothelin-1 and the lack of
effect of sarafotoxin 6¢ in the fresh rat mesenteric artery
suggest that the contraction was mediated through mainly
endothelin ET, receptors. This is in accordance with the
results of pharmacological characterization in human
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omental arteries (Adner et a., 1996). The potency of the
contraction induced by endothelin-1 in our study was of a
magnitude similar to that in a study of the third branch
from the mesenteric artery in the rat (Deng et al., 1995),
while the sarafotoxin 6c-induced contraction was about
14% of the endothelin-1-induced contraction in the latter
study. It has been shown that the ET, receptor is most
prominent in the smaller resistance arteries (Ekelund et al .,
1994) and the greater effect of sarafotoxin 6c in the study
by Deng et al. (1995) may have been due to the fact that
the third branch of the mesenteric artery has a smaller
diameter than the mesenteric branch used in our study.

The maximum contraction with endothelin-1, in refer-
ence to the 60 mM K™* contractile capacity, was signifi-
cantly different in all three groups, i.e., the fresh arteries,
and the arteries cultured for 1 or for 2 days. However,
when one compares the contraction of endothelin-1 mea-
sured as absolute values (MN) no statistically significant
differences are seen. It has been demonstrated in other
studies that organ culture affects the K *-induced contrac-
tion (De Mey et al., 1989; Mauger et a., 1975) and evokes
both increased and decreased contractions at different times
after organ culture (De Mey et d., 1991). Therefore, we
assume that the amount of contractile endothelin ET,
receptors does not change much during culturing. Instead,
we believe that the changes in E,,, values (measured as
% of K*) are due to altered K *-induced contraction in the
segments exposed to organ culture. The minor change in
the endothelin-1-induced contractions after treatment with
actinomycin D and cyclohexamide further supports this
hypothesis. Also, the effect induced by noradrenaline fol-
lowed a pattern similar to that seen with endothelin-1,
having the strongest contraction at day 1 and the weakest
at day 2.

We now found a marked increase in the sarafotoxin
6¢c-induced contraction after organ culture for 1 day. This
increased effect of sarafotoxin 6¢ in the cultured mesen-
teric artery was similar to that seen in an earlier study with
human omental arteries and another selective endothelin
ETg receptor agonist, IRL 1620 (Adner et d., 1995),
suggesting that there is an increase in the effect of contrac-
tile endothelin ET, receptors in arteries after organ cul-
ture. Thisis consistent with the pharmacological character-
ization performed on human omental arteries (Adner et al.,
1996), showing that the endothelin ET, receptor has the
capability to produce about 70% of the total endothelin-1-
induced contraction in segments cultured for 5 days. Fur-
ther, several other vessels, such as rat superior mesenteric
artery, femoral artery and femoral vein, share this ability to
evoke endothelin ET, receptor-induced contraction after
organ culture (unpublished observations). Both this and a
recent study (Adner et al., 1996) showed a more intense
signal from the RT-PCR products for the endothelin ET,
receptor than for the endothelin ET, receptor in the cul-
tured arteries. This difference was not seen in fresh seg-
ments and since our study was not quantitative, the differ-

ence in the ratio of MRNA from cultured arteries may
indicate a decrease of endothelin ET, receptor mRNA, an
increase of endothelin ETg receptor mRNA, or both. In
accordance with results of the pharmacological analysis in
the earlier study that demonstrated the presence of en-
dothelin ET, receptor after 5 days' culture (Adner et al.,
1996), we now suggest that the relatively higher amount of
endothelin ETg receptor mRNA reflects a true increase
due to de novo transcription. Thus, the increase in endothe-
lin ETg receptor mRNA in the human omental arteries,
together with the increased contractile effect induced by
the endothelin ET, receptor in the rat mesenteric branch,
suggest that there is an upregulation of smooth muscle
contractile endothelin ET, receptors in cultured arteries.
However, this remains to be confirmed by binding studies.

If fresh arteries are cultured in the presence of the
transcriptional inhibitor, actinomycin D, the contraction
induced by sarafotoxin 6c is amost completely abolished
after 1 day of organ culture. This suggests that the sarafo-
toxin 6c-induced contraction after 1 day of culture was
mediated by newly transcribed and synthesized endothelin
ETg receptors, in accordance with the hypothesis of recep-
tor upregulation. Even though the contractile capacity for
the vessel (as measured by the K*-induced contraction)
seemed to be unaffected by the treatment with actinomycin
D, it is possible that the attenuated effect of sarafotoxin 6¢
was due to a decrease of special mediators in the intra
cellular signal transduction system for the endothelin ET,
receptor. However, even though the mRNA for the recep-
tors in human omental arteries was not quantitated, the
absence of detectable signals from the PCR after 30 cycles
indicates that the most likely reason for the negligible
effect of sarafotoxin 6¢c on actinomycin D-treated rat
mesenteric arterial segments is blunted transcription of the
receptor. The visible band for both receptors after 40
cycles of PCR in arteries treated with actinomycin D may
represent a remainder of MRNA which had not yet been
degraded. In segments cultured for the same time period in
the presence of the trandational inhibitor, cyclohexamide,
there was a similar, but smaller, reduction of the contrac-
tile effect induced by sarafotoxin 6c, leaving the K*-in-
duced contraction unaffected. Also, this effect could have
resulted from a decrease in the endothelin ET, receptor-
associated second messenger system. However, since the
decrease in the sarafotoxin 6¢c-mediated contraction after
treatment with actinomycin D seems to have been caused
by decreased transcription of the endothelin ETg receptor,
it is more likely that the reduced effect in segments treated
with cyclohexamide was due to inhibition of subsequent
tranglation of the receptor.

In contrast to that in the arteries cultured for 1 day, the
effect of cyclohexamide was more pronounced than that of
actinomycin D in arteries cultured for 2 days. This may
have been the result of the increased amount of the mRNA
for the endothelin ET receptor after 1-day culture without
treatment not having disappeared immediately after expo-
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sure to actinomycin D and still having been trandlated into
new receptors during a certain period. Thus, cyclohexam-
ide, which was less effective than actinomycin D, can
possibly decrease the ongoing translational process imme-
diately and may therefore be more effective in this situa-
tion.

The smaller decrease in the endothelin-1 receptor-medi-
ated contraction after treatment with actinomycin D or
cyclohexamide can be explained by the fact that endothelin
ET, receptors are normally more abundant in the smooth
muscle membrane (Davenport et al., 1995) and that the
decrease results from a normal turnover rate and abolished
production of newly synthesized receptor. Even if the
effect of endothelin ET, receptorsis close to the maximum
contractile effect of the vessel, as shown by the addition of
noradrenaline on top of the endothelin-1 contraction in
fresh arteries, it is possible that the endothelin-1-induced
contraction on day 1 is due to a summed effect of both
endothelin ET, and endothelin ET, receptors. Therefore
the decreased contraction in treated segments could be due
to absence of endothelin ET, receptors. In contrast, appli-
cation of actinomycin D or cyclohexamide during the
second day of organ culture did not affect the endothelin-
1-induced contraction. This may be because endothelin-1,
with equal binding affinity to endothelin ET, and endothe-
lin ETg receptors (Masaki et al., 1994) activates both
receptors, each possessing a contractile effect near the
maximum of the vessel at day 2. Unfortunately, how
actinomycin D or cyclohexamide affects the endothelin
ET, receptor cannot be understood from the results of our
organ culture assay, since no selective endothelin ET,
receptor agonist yet exists.

The RT-PCR results in several studies, even though not
guantitative, have yielded similar strong signals for both
the endothelin ET, and endothelin ET receptor of differ-
ent human vascular regions (Adner et al., 1996; Davenport
et al., 1995; Nilsson et al., 1997; Opgaard et d., 1996).
This reflects neither autoradiography results, showing 85%
binding of endothelin ET, receptors and 15% of endothe-
lin ETg receptor in human vascular smooth muscle cells
(Davenport et al., 1995), nor results of functional studies,
showing negligible endothelin ET, receptor-mediated con-
traction (Adner et al., 1996; Maguire and Davenport, 1995;
Nilsson et al., 1997; Opgaard et a., 1996). However, our
data further suggest that the amount of mRNA of the
endothelin ET, receptor exceeds the amount for the en-
dothelin ETy receptors in ordinary fresh arteries, whereas
the mRNA for the endothelin ETg receptor is more promi-
nent in cultured arteries. The estimated high level of
MRNA for the endothelin ETg receptor after 1 day may
indicate rapid and effective transcription and, thus, may be
increased in conditions of environmental stress. This could
be reflected by the upregulation of endothelin ET, recep-
tors in arteries exposed to increased flow (Barber et a.,
1996) and by the different pathological states which have
been shown to be associated with upregulation of endothe-

lin ET receptors (Roux et al., 1995; Cannan et a., 1996;
Dagassan et al., 1996; Wenzel et d., 1996). The exact
nature of the initiation of the increased transcription of the
endothelin ETg receptor is not known. Even if the pro-
moter regions of the two receptors are different there are
no major differences which could explain this phenomenon
(Arai et al., 1993). Thus, future investigations have to be
performed in order to understand the process of regulation
of endothelin receptors.
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