
Ž .European Journal of Pharmacology 376 1999 223–232
www.elsevier.nlrlocaterejphar

Cytokines induce increased endothelin ET receptor-mediatedB
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Abstract

The effect of cytokines on the induction of contractile endothelin ET receptors during organ culture was examined. Ring segments ofB

rat superior mesenteric artery were used fresh or incubated for 24 h in Dulbecco’s modified Eagle’s medium alone, or with either
Ž .interleukin-1b, tumor necrosis factor-a TNF-a or interleukin-2. In fresh arterial segments there was no endothelin ET receptor-in-B

duced contraction. After incubation, the selective endothelin ET receptor agonist sarafotoxin 6c evoked a contraction of 22"6%B

relative to that induced by 60 mM Kq. The endothelin ET receptor-induced contraction was further increased to 125"25% andB

157"29% by interleukin-1b and TNF-a , respectively, while interleukin-2 did not alter the endothelin ET receptor-induced contraction.B

The identity of the contractile receptor was confirmed as the endothelin ET receptor by the use of an additional specific endothelin ETB B

receptor agonist, IRL 1620, and by antagonist experiments with FR 139317 and IRL 2500. The endothelin-1-induced contraction was not
altered by either of the cytokines. Reverse transcriptase–polymerase chain reaction revealed increased levels of endothelin ET mRNA,B

relative to endothelin ET mRNA following organ culture, suggesting that contractile endothelin ET receptors appear via de novoA B

transcription. None of the cytokines changed the ratio of endothelin ET and endothelin ET receptor mRNA, indicating that the furtherA B

increased sarafotoxin 6c-induced contraction is mediated through an enhancement of intracellular signalling mechanisms. q 1999 Elsevier
Science B.V. All rights reserved.
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1. Introduction

Endothelin-1 is the most potent vasoconstrictor de-
Ž .scribed to date Yanagisawa et al., 1998 . Its action in

mammals is mediated through two distinct G-protein cou-
Žpled receptors: endothelin ET and ET receptors Arai etA B

.al., 1990; Sakurai et al., 1990 . The endothelin ET recep-A

tor is present in the smooth muscle cell layer, mediates
vasoconstriction and may contribute to the maintenance of

Ž .vascular tone Haynes and Webb, 1994 . The endothelin
ET receptor was initially thought to be present exclu-B

sively in the endothelium where it induces a transient
reduction in vascular tone via release of nitric oxide or

Ž .prostacyclin De Nucci et al., 1988; Lodge et al., 1995 .
Lately, endothelin ET receptors have been shown toB
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mediate a contractile smooth muscle response in some
vascular regions, mainly in low pressure systems such as

Žveins Bigaud and Pelton, 1992; Gardiner et al., 1994;
.Lodge et al., 1995 . Plasticity of smooth muscle cells

expressing endothelin ET receptors have been shown inB

several pathological conditions: in healthy individuals, the
subcutaneous and coronary arteries express contractile en-
dothelin ET receptors but not contractile endothelin ETA B

Ž .receptors Wenzel et al., 1994; Dagassan et al., 1996 .
However, in the subcutaneous arteries of patients with
coronary artery disease as well as in coronary arteries of
patients with atherosclerosis, contractile endothelin ETB

Žreceptors have been found Dagassan et al., 1996; Wenzel
.et al., 1996 . In addition, upregulation of endothelin ETB

receptors appear after experimental subarachnoid hemor-
Ž .rhage Roux et al., 1995 .

The phenomenon of inducible receptors as a response to
pathological or altered physiological conditions has been
described to be modulated by inflammatory mediators
Ž .Hakonarson et al., 1996; Donaldsson et al., 1997 . Inter-
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leukin-1b has been implicated in the altered response of
the bradykinin B receptor and of b-adrenoceptors. Inter-1

leukin-1b is thought to participate in the activation of
Ž .acute phase responses Dinarello et al., 1996 . Since both

endothelin ET and ET receptors have binding sites forA B

acute phase reaction regulatory elements in their promotor
regions, the molecular prerequisites for receptor regulation

Ž .by cytokines are present Arai et al., 1993 .
In a previous study, it was observed that de novo

expression of the endothelin ET receptor can be elicitedB
Žin human omental arteries following organ culture Adner

.et al., 1996 . In the present study, we have examined
whether the inflammatory mediators interleukin-1b, tumor

Ž .necrosis factor-a TNF-a and interleukin-2 may affect
endothelin-1 and the selective endothelin ET receptorB

agonist, sarafotoxin 6c-induced responses in isolated ring
segments of the rat superior mesenteric artery and if a
changed response is regulated at the transcriptional level as
studied by reverse transcriptase–polymerase chain reaction
Ž .RT–PCR .

2. Materials and methods

2.1. Tissue preparation and organ culture procedure

The rat superior mesenteric artery was chosen since a
previous study has shown that this vessel moderately
upregulates endothelin ET receptors following 24 h ofB

incubation with Dulbecco’s modified Eagle’s medium

Ž . Ž .DMEM Adner et al., 1998b . Male Wistar–Kyoto rats
Ž .250–300 g, Mollegarden, Denmark were anaesthetized¨ ˚
with CO and killed by exsanguination. The animal exper-2

iments were approved by the Lund University Animal
Ethics Committee. The superior mesenteric artery was
removed, dissected free from adherent tissue and cut into 1
mm long circular segments. Each segment was either used
immediately or placed in a well containing 1 ml of DMEM,
supplemented with penicillin and streptomycin, and incu-
bated for 24 h at 378C in humidified 5% CO in air. Test2

Žsegments were incubated with interleukin-1b 10 and 100
. Ž . Žngrml , TNF-a 10 and 100 ngrml or interleukin-2 100

.and 200 ngrml .

2.1.1. RemoÕal of the endothelium
In separate experiments the endothelium was removed

Žwith a 10 s infusion of Triton X-100 0.1% vrv Sigma, St.
.Louis, USA . The segments were incubated after removal

of the endothelium. The functional integrity of the vessel
segments was assessed prior to the experiment by obtain-
ing a concentration–response curve to acetylcholine, 0.01
mM to 1 mM, after pre-contraction of the artery with
noradrenaline 10 mM.

2.2. In Õitro pharmacology

After incubation the segments were immersed in tem-
Ž .perature-controlled 378C tissue baths containing a bicar-

bonate buffer solution. The solution was continuously
aerated with 5% CO in O resulting in a pH of 7.4. Each2 2

Table 1
Contractile responses for sarafotoxin 6c, IRL 1620 and endothelin-1 in segments cultured 1 day in interleukin-1b, TNF-a and interleukin-2

q qŽ . Ž . Ž .Sarafotoxin 6c n K mN "S.E.M. E mN "S.E.M. E % of K "S.E.M. pEC "S.E.M.max max 50

a a aFresh 6 6.16"1.00 0.12"0.07 2"1 N.D.
Control 8 4.16"0.37 0.86"0.22 22"6 9.19"0.18

a aInterleukin-1, 10 ngrml 6 4.43"0.28 3.33"1.30 76"29 8.75"0.09
a aInterleukin-1, 100 ngrml 6 3.70"0.59 4.05"0.88 121"25 9.15"0.27

aTNF-a , 10 ngrml 6 2.02"0.22 1.97"0.86 112"55 8.71"0.16
a a aTNF-a , 100 ngrml 6 2.35"0.44 3.68"0.98 157"29 8.71"0.24
aInterleukin-2, 100 ngrml 7 2.84"0.36 0.65"0.15 25"7 8.94"0.18

Interleukin-2, 200 ngrml 6 3.11"0.58 0.40"0.15 18"10 9.03"0.12

IRL 1620
Control 6 2.70"0.21 1.35"0.47 56"21 8.83"0.19

a aInterleukin-1, 100 ngrml 6 2.38"0.52 2.82"0.70 133"25 8.41"0.07
a aTNF-a , 100 ngrml 6 2.17"0.29 4.24"0.51 204"22 8.36"0.08

Interleukin-2, 200 ngrml 6 2.65"0.33 1.23"0.35 45"9 9.18"0.40

Endothelin-1
Fresh 6 4.97"0.99 8.89"0.92 193"22 8.31"0.09
Control 6 2.87"0.49 6.88"1.14 241"10 8.53"0.11
Interleukin-1, 100 ngrml 6 3.86"0.42 9.11"0.71 242"16 8.59"0.19
TNF-a , 100 ngrml 6 2.19"0.27 7.27"0.66 347"35a 8.48"0.28
Interleukin-2, 200 ngrml 6 2.94"0.30 7.65"0.93 263"25 8.26"0.06

a w xDenotes statistical significance P-0.05 vs. respective controls.
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segment was mounted on two L-shaped prongs, one of
Žwhich was attached to a Grass FT-03 transducer Grass

.Instr., Quincy, USA connected to a MacLab unit
Ž .ADInstruments, Hastings, UK for continuous recording
of isometric tension. A tension of 2 mN was applied to
each segment and these were allowed to stabilise at this
tension for one h. Subsequently, they were exposed to a

q Ž .K -rich 60 mM buffer solution with the same composi-
tion as the standard solution except that NaCl was replaced
by an equimolar concentration of KCl. The Kq-induced
contraction was used as a reference for the contractile
capacity, and the segments used only if Kq elicited a
reproducible response over 0.5 mN. Concentration–re-
sponse curves for the agonists were obtained by cumula-
tive application of the peptides. There were no differences
in the response to sarafotoxin 6c or endothelin-1 when
concentration-response curves obtained by cumulative ap-
plication were compared to those obtained by a single dose
procedure. Only one concentration–response curve was
performed on each segment in order to avoid any possible
tachyphylaxis. In the antagonist experiments, FR 139317
and IRL 2500 were tested at 1 mM, and were added 15–20

Ž .minutes min before agonists. In the dilatation experi-
ments, the arteries were pre-contracted with 10 mM nor-
adrenaline, and the concentration response curves were
obtained once a steady state was reached.

2.3. Molecular biology

2.3.1. RNA-extraction
Vessel segments were snap-frozen in liquid nitrogen

immediately after acquisition or organ culture and total
Žcellular RNA was extracted using TRIzol reagent Gibco

.BRL, Paisley, Scotland following the supplier’s instruc-
tions. The resulting RNA pellet was finally washed with
70% ice-cold ethanol, air-dried and redissolved in 10 ml
diethyl-pyrocarbonate-treated water. The amount of RNA

Žwas determined by use of spectrophotometry DU64 spec-
.trophotometer; Beckman, Fullerton, CA, USA considering

an OD ratio of )1.6 as pure.260:280

2.3.2. ReÕerse transcriptase–polymerase chain reaction
RT–PCR was carried out using the GeneAmp RNA

Ž .PCR kit Perkin-Elmer, Foster City, CA, USA on a DNA
Ž .Thermal cycler Perkin-Elmer . Specific primers for the rat
Ž .endothelin ET - generating a 264 basepair product andA

Ž .ET receptors generating a 560 basepair product wereB

designed as follows:

ET -receptor forward 5X-TACAAGGGCGAG-A
XCAGCACAGGA-3

Xreverse 5 -CACAGGGCGAAG-
XATGACAACCAA-3

XET -receptor forward 5 -TGACGCCACCCA-B
XCTAAGAC-3

Xreverse 5 -GACAGCCAGAAC-
XCACAGAGA-3

The reverse transcription of total RNA to cDNA and
subsequent PCR was carried out with the GeneAmp RNA

Ž .PCR kit Perkin Elmer in a Perkin Elmer DNA Thermal
Cycler. First strand cDNA was synthesized from 1 mg total
RNA in a 20-ml reaction volume using random hexamers
as primers. The reaction mixture was incubated at 258C for
10 min, 428C for 15 min, heated to 998C for 5 min, and
chilled to 58C for 5 min. For each primer pair a 9-ml
portion from the resultant cDNA was amplified by PCR in
a final volume of 50 ml. The PCR was carried out with the
following profile: 5 min at 958C for 1 cycle, followed by
30 cycles of 1 min at 958C, 1 min at 578C and 30 s at
728C; final extension was done for 7 min at 728C. A blank
Ž .water was included in all experiments. Control experi-
ments showed that 30 cycles were within the exponential

Ž .phase of the PCR not shown . The identity of the PCR
products was verified by restriction analysis as follows: the

Ž .endothelin ET -products 264 basepairs were digestedA
Ž .with SpH I Boehringer Mannheim, Germany , generating

three fragments of 27, 78 and 159 basepairs, respectively.
Ž .The endothelin ET -products 560 basepairs were cleavedB

Ž .with Eco RV Boehringer , generating two fragments of
106 and 454 basepairs, respectively.

Fig. 1. Contractions induced by cumulative application of endothelin-1
Ž . Ž .a and sarafotoxin 6c b in fresh vessels and segments incubated for 24
h. The contraction of each segment was calculated as a percentage of the
Kq-induced contraction in the same segment. Each point represents

ŽUmean"standard error bars, ns6–8 denotes statistical significance
w x .P -0.05 vs. respective fresh vessels .
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Fig. 2. Concentration–response curves for the sarafotoxin 6c-induced
Ž . Ž . Ž .contraction in vessels incubated with a interleukin-1b IL-1 , b TNF-a

Ž . Ž .and c interleukin-2 IL-2 compared to that of the respective controls.
ŽUEach point represents mean"standard error bars, ns6–7 denotes

w x .statistical significance P -0.05 vs. respective controls .

2.3.3. Densitometric analysis of PCR products
Densitometric analysis and calculation of the ratio of

band densities was essentially performed as described pre-
Ž .viously Moller et al., 1997 . Briefly, the PCR-products¨

Žwere separated on a 1.5% agarose gel Sambrook et al.,
.1989 . Photographs of the gels were digitized and analyzed

Ž .densitometrically with NIH-Image software v1.60
Ž .Rasband and Bright, 1995 . Before calculation of the ratio
between endothelin ET and ET receptor band densities,A B

the endothelin ET receptor values were corrected for theA

decreased ethidium bromide incorporation of the shorter
Ž .endothelin ET receptor fragment Moller et al., 1997 .¨A

2.4. Buffer solutions and drugs

Ž .Standard buffer solution mM : NaCl 119; NaHCO 15;3

KCl 4.6; MgCl 1.2; NaH PO 1.2; CaCl 1.5; glucose2 2 4 2

5.5. Analytical grade chemicals and distilled water were
used for preparing all solutions.

Ž .DMEM Gibco BRL was supplemented with penicillin
Ž Ž . Ž .100 Urml and streptomycin 100 mgrml Gibco BRL .

ŽInterleukin-1b, TNF-a , interleukin-2 R&D systems, Min-
. Žneapolis, USA , sarafotoxin 6c, endothelin-1 Auspep,

.Parkville, Australia , were dissolved in sterile water with
Ž . w 9bovine serum albumin 0.1% wrv . IRL 1620, Suc Glu ,

11,15 x Ž . Ž .Ala -ET-1 8–21 Auspep was dissolved in 0.01 M
NH OH and further diluted in buffer solution. FR 1393174
Ž .Fujisawa Pharmaceuticals, Osaka, Japan and IRL 2500
Ž .Ciba-Geigy, Takarazuka, Japan were dissolved in ethanol
and methanol, respectively.

2.5. Calculation and statistics

Data are expressed as mean values"S.E.M. Contractile
responses in each segment are expressed as a percentage of
the Kq-induced contraction. E represents the maximalmax

contraction induced by an agonist, and given either in
absolute values or expressed as a percentage of the Kq-in-
duced response. The pEC value was calculated from the50

line between the concentrations above and below the mid-
point of the concentration–response curve. pK was calcu-B

Žw x Ž ..lated using the equation pK sylog B r ry1 inB
w xwhich B denotes the concentration of the antagonist and

r denotes the ratio of the EC value of the antagonist and50

the EC value of the control experiment. The analysis of50

Fig. 3. Concentration–response curves for the IRL 1620-induced contrac-
Ž . Ž . Ž .tion in vessels incubated with a interleukin-1b IL-1 , b TNF-a and

Ž . Ž .c interleukin-2 IL-2 compared to that of the respective controls. Each
ŽUpoint represents mean"standard error bars, ns6–7 denotes statistical

w x .significance P -0.05 vs. respective controls .
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Fig. 4. Concentration–response curves for the sarafotoxin 6c-induced
Ž . Ž .contraction in vessels incubated with interleukin-1b a and TNF-a b

and with either the endothelin ET receptor antagonist FR 139317 or theA

endothelin ET receptor antagonist IRL 2500. Each antagonist was addedB

to the bath 15–20 min before the agonists for a concentration of 1 mM.
ŽUEach point represents mean"standard error bars, ns5–6 denotes

w x .statistical significance P -0.05 vs. respective controls .

Ž .variance ANOVA factorial test for unpaired data was
used in all analyses. Differences were considered signifi-
cant at P-0.05.

3. Results

3.1. Cytokine effects on sarafotoxin 6c response

In control experiments on fresh vessel segments, sarafo-
Ž qtoxin 6c induced a negligible contraction 2"1% of K -

.response . After 1 day of organ culture, there was a
q Ž .significant reduction in the K response Table 1 . In

incubated segments, sarafotoxin 6c induced a contraction
q Ž .of 22"6% compared to the K response Fig. 1b .

Rat mesenteric arteries incubated for 24 h with 10
ngrml of interleukin-1b revealed an increase in Emax

response to sarafotoxin 6c, whereas vessels incubated with
100 ngrml interleukin-1b exhibited an even stronger in-

Ž .crease in E Fig. 2a, Table 1 . There were no signifi-max

cant shifts of the pEC values of the concentration–re-50

sponse curves following organ culture with interleukin-1b.
Segments treated with 100 ngrml TNF-a showed an

Ž .increase in the contractile effect E for sarafotoxin 6cmax
Ž .Fig. 2b , without any increase in the pEC value. The50

Ž .lower concentration of TNF-a 10 ngrml did not signifi-
cantly alter the sarafotoxin 6c concentration response curve.
However, TNF-a also caused a significant decrease in the

q Ž .response to 60 mM K Table 1 . The increased contrac-
tile response to sarafotoxin 6c in the presence of 100
ngrml TNF-a was significant both when analysed as a
percentage of the Kq-induced response and in absolute mN
values.

Arteries treated with 200 ngrml of interleukin-2, but
not with 100 ngrml showed a nonsignificant lower Emax

Ž .as compared to control Table 1 . There was also a reduc-
tion in the 60 mM Kq response, and thus no significant
difference when the results were compared as a percentage

q Ž .of the K response Fig. 2c . There was no change in the
pEC of sarafotoxin 6c in interleukin-2-treated segments.50

3.2. Pharmacological characterisation of contractile
responses

The effects of cytokines was also studied using another
endothelin ET receptor agonist, IRL 1620. The cytokinesB

Ž .interleukin-1b and TNF-a 100 ngrml both induced sig-
nificant increases in the IRL 1620-induced contraction.
Neither of the cytokines altered the pEC values of IRL50

Ž .1620 Fig. 3, Table 1 .
To further examine the identity of the receptors mediat-

ing the sarafotoxin 6c-induced contraction, experiments
were made with the selective endothelin ET receptorA

Table 2
Contractile responses for sarafotoxin 6c in segments cultured 1 day in interleukin-1b, TNF-a , with either FR 139317 or IRL 2500 added 20 min before the
experiment

q qŽ . Ž . Ž .Sarafotoxin 6c n K mN "S.E.M. E mN "S.E.M. E % of K "S.E.M. pEC "S.E.M.max max 50

Interleukin-1 control 5 4.00"0.33 5.33"0.58 134"12 9.40"0.12
FR 139317, 6 M 5 3.89"0.56 4.98"1.01 125"10 9.55"0.36

aIRL 2500, 6 M 5 4.40"0.75 4.93"0.47 117"13 8.33"0.13
TNF-a Control 6 2.70"0.24 5.40"0.55 203"20 9.06"0.20
FR 139317, 6 M 6 2.41"0.52 4.82"1.31 200"48 9.21"0.24

aIRL 2500, 6 M 6 2.43"0.26 6.92"0.54 247"12 8.28"0.08

a w xDenotes statistical significance P-0.05 vs. respective controls.
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Fig. 5. Concentration–response curves for the maximal contractions
induced by sarafotoxin 6c on vessels incubated with 1–300 nrml inter-
leukin-1b and TNF-a. Each point represents mean"standard error bars,
ns3–6.

antagonist FR 139317 and the selective endothelin ETB

receptor antagonist IRL 2500, on vessels incubated with
interleukin-1b and TNF-a . Neither of the antagonists
showed any contraction by themselves, in the concentra-
tions used, nor did they affect the E of the concentra-max

tion–response curves. Both the arteries incubated with
interleukin-1b and TNF-a showed a parallel rightward-
shift in their concentration–response curves, when blocked

Ž .with IRL 2500 Fig. 4, Table 2 , compared to controls. FR
139317 did not cause any shift of the sarafotoxin 6c
concentration–response curve. The calculated pK for IRLB

2500 was 7.01"0.22 for arteries incubated with inter-
leukin-1b and 6.59"0.31 for arteries incubated with
TNF-a.

3.3. Concentration–response curÕes for interleukin-1b and
TNF-a

Experiments were made with 1 ngrml to 300 ngrml
Ž .ns3–6 of interleukin-1b and TNF-a to create concen-
tration–response curves for the E values induced bymax

Ž .sarafotoxin 6c Fig. 5 . Both concentration–response curves
reached a maximum at 100 ngrml and then the sarafotoxin
6c E decreased at the highest concentration studied.max

ŽEC values were calculated to 8.79"0.41 ngrml 0.5150

Fig. 6. Concentration–response curves for the endothelin-1-induced con-
traction in vessels incubated with interleukin-1b, TNF-a and interleukin-2
compared to that of controls. Each point represents mean"standard error
bars, ns6.

. Ž ."0.024 nM and 8.38"0.69 ngrml 0.49"0.04 nM for
interleukin-1b and TNF-a , respectively. The difference
was not significant.

3.4. Dilatation experiments

There was no dilatory effect of sarafotoxin 6c in nor-
adrenaline pre-contracted vessel segments neither in con-

Ž .trols nor after incubation with cytokines ns5, not shown .
None of the cytokines affected the noradrenaline precon-
traction.

3.5. Cytokine effects on de-endothelialized arteries

While the procedure caused somewhat lower contractile
responses to Kq, there was still an increase in E aftermax

incubation with interleukin-1b and TNF-a in de-endo-
thelialized arteries, which was only significant for inter-

Ž . qleukin-1b Table 3 . As before, a decreased K response
was seen in arteries incubated with TNF-a. There was no
significant change in the pEC of the de-endothelialized50

arteries.

3.6. Cytokine effects on endothelin-1 response

In fresh arterial segments, endothelin-1 induced a strong
contraction. Following organ culture there was a signifi-

Table 3
Contractile responses for sarafotoxin 6c and endothelin-1 in de-endothelialized segments cultured 1 day in interleukin-1b, TNF-a and interleukin-2

q qŽ . Ž . Ž .Sarafotoxin 6c n K mN " E mN " E % of K " pEC " Endothelin-1max max 50
qŽ .S.E.M. S.E.M. S.E.M. S.E.M. % of K "S.E.M.

Control 6 2.22"0.37 2.17"0.99 150"98 9.45"0.29 399"137
aInterleukin-1, 100 ngrml 6 2.06"0.37 4.79"0.60 252"37 8.74"0.11 395"48

aTNF-a , 100 ngrml 6 1.16"0.28 3.35"1.00 267"33 8.91"0.21 529"66
Interleukin-2, 200 ngrml 6 1.33"0.29 1.42"0.28 128"38 9.21"0.36 383"40

a w xDenotes statistical significance P-0.05 vs. respective controls.
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Ž .Fig. 7. RT–PCR analysis from RNA which was isolated from fresh rat mesenteric arteries and arteries incubated with cytokines. a Gel electrophoresis of
RT–PCR products. The sizes of the products were 264 basepairs for endothelin ET and 560 basepairs for endothelin ET . Lane M: 100 basepairs ladder;A B

Ž .lane B: blank H O ; lanes d0C: fresh artery; lanes d1C: artery cultured for 1 day; lanes IL-1b: artery cultured for 1 day with 100 ngrml interleukin-1b;2
Ž .lanes TNF-a: artery cultured for 1 day with 100 ngrml TNF-a; lanes IL-2: artery cultured for 1 day with 200 ngrml interleukin-2. b Compiled ratios of

mRNA for endothelin ET and endothelin ET receptors. Ratios are calculated as the densitometrically analysed signal for the endothelin ETA receptorA B
ŽUproduct divided by the signal of the endothelin ET receptor product. Each point represents mean"standard error bars, ns3 denotes statisticalB

w x .significance P-0.05 vs. fresh controls .

cantly increased response at two concentrations of en-
dothelin-1, but the E and pEC values were not af-max 50

Ž .fected Fig. 1a . Incubation with TNF-a caused a signifi-
cant increase in the E of endothelin-1, from 241"10%max

Ž . qin controls to 347"35% Fig. 6 . However, the K -in-
duced response was further decreased at the same time and

Ž .hence the absolute mN values were not significantly
Ž .altered P)0.05 . Interleukin-1b did not induce any sig-

nificant increase when compared to the Kq-induced con-
Ž .traction, but the mN-values were higher Table 1 . A

single dose experiment was also performed on the de-en-
dothelialised arteries after the sarafotoxin 6c concentra-
tion–response curves was performed. In all these experi-
ments there were no significant change in E or pECmax 50

after incubation with cytokines.

3.7. mRNA for the endothelin ET and ET receptorsA B

RT–PCR was performed on RNA extracted from fresh
arteries, and arteries incubated with, and without cy-
tokines. After 30 cycles of amplification, products of the

Žexpected sizes 264 basepairs for endothelin ET and 560A
. Ž .basepairs for ET receptors were detected Fig. 7 . InB

fresh arteries the endothelin ET rET ratio was 3.66"A B

0.77. After 1 day of organ culture, this ratio was changed
to 1.71"0.23, indicating a relative increase of endothelin
ET receptor mRNA compared to ET . The endothelinB A

ET rET ratio for arteries incubated with 100 ngrml ofA B

interleukin-1b, TNF-a and 200 ngrml interleukin-2 was
1.95"0.51, 1.83"0.12 and 1.97"0.38, respectively.
Thus, neither of the cytokines caused any further alteration
in the endothelin ET rET ratio.A B

4. Discussion

Arterial segments of rat superior mesenteric artery incu-
bated for 24 h in DMEM demonstrated a de novo contrac-
tility to the endothelin ET receptor selective agonistB

sarafotoxin 6c, while there was no increase in endothelin-
1-induced contractility. The cytokines, interleukin-1b and
TNF-a , caused a significant increase in the E re-max

sponses to sarafotoxin 6c and IRL 1620, both in absolute
Ž . qvalues mN and relative to K -induced contractions. The

identity of the ET receptor was confirmed by the antago-B

nist study with IRL 2500 and FR 139317. While organ
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culture itself did not alter the endothelin-1 responses,
incubation with TNF-a , but not interleukin-1b, caused an
increased response, which may be due to the decreased Kq

contraction. Segments incubated with interleukin-2 did not
change in responsiveness to endothelin-1 or sarafotoxin 6c.
With RT–PCR it was found that organ culture caused an
increase of endothelin ET mRNA relative to ET , butB A

none of the cytokines affected the endothelin ET rETA B

mRNA ratio.
The effect of sarafotoxin 6c in control segments after 1

day of organ culture was similar to that reported earlier
Ž .Adner et al., 1998b . Thus, after 1 day of organ culture
there was a moderate spontaneous increase in the endothe-
lin ET receptor-response, with a concomitant relativeB

increase in endothelin ET receptor mRNA, suggesting aB

de novo synthesis of receptors. The spontaneous increase
in the endothelin ET response and the receptor mRNAB

after incubation have been shown to be blocked by actino-
mycin D and cyclohexamide, which block transcription

Žand translation of the receptor, respectively Moller et al.,¨
.1997 . It was therefore considered that the endothelin ETB

receptor upregulation is mediated via increased transcrip-
tion and subsequent translation of endothelin ET mRNA.B

The endothelin ET receptor-induced contraction was alsoB

studied with IRL 1620. IRL 1620 is believed to have a
higher selectivity for the endothelin ET receptor thanB

sarafotoxin 6c, having 120 000-fold and 30 000-fold selec-
tivity for binding at the endothelin ET receptor comparedB

Žto the endothelin ET receptor, respectively Williams etA
.al., 1991; Takai et al., 1992 . However, sarafotoxin 6c was

twice as potent as IRL 1620 in the rat mesenteric artery,
Ž .comparable to previous findings Adner et al., 1998a .

With IRL 1620 there was a similar increased endothelin
ET receptor response after incubation with interleukin-1bB

and TNF-a , as was found with sarafotoxin 6c. Interleukin-2
did not affect the IRL 1620-induced contraction. Further-
more, the characterisation with IRL 2500 resulted in pK B

Žvalues in agreement with previous studies Balwierzak et
.al., 1995; Adner et al., 1998b .

Incubation with the cytokines interleukin-1b and TNF-a
resulted in enhanced maximum responses to sarafotoxin
6c, thus suggesting either upregulation of the endothelin
ET -receptor or enhanced efficacy. If the increased re-B

sponse was due to an increase in the number of receptors,
a leftward-shift in the concentration–response curves after

Žincubation with cytokines would be expected Black and
.Leff, 1983 . However, since there was no significant in-

crease in potency following culture with either of the
cytokines, an increase in the number of receptors is not
likely. In addition, there was no change in the endothelin
ET rET mRNA ratio in arteries incubated with cy-A B

tokines compared to controls. This agrees well with pre-
liminary results from studies of endothelin receptors in

Žhuman temporal artery after cytokine administration un-
.published results . Interestingly, the endothelin ET rETA B

ratios for both fresh and cultured arteries were consider-

ably higher than those found in human omental arteries
Ž .Moller et al., 1997 , which is in accordance with a lower¨
endothelin ET contractility in rat mesenteric artery.B

In contrast, it is likely that incubation with interleukin-
1b or TNF-a induces increased endothelin ET -receptorB

responses putatively via increased intracellular mecha-
nisms. Both endothelin ET and ET receptors have beenA B

Žshown to be linked to more than one G-protein Eguchi et
.al., 1993 , and mediate contractions via both receptor-cou-

Ž 2q.pled and voltage-gated calcium Ca channels, in addi-
tion to an intracellular Ca2q release via inositol triphos-

Ž .phate Van Renterghem et al., 1988 . Thus, one or more of
these intracellular pathways may be affected by the cy-
tokines. This phenomenon has to be elucidated by further
studies.

There was no dilatory effect of sarafotoxin 6c in the
incubated vessels. Furthermore, de-endothelialized arteries
did not differ in the sarafotoxin 6c response from their
untreated counterparts, indicating that the endothelium does
not play a role in the potentiation of endothelin ETB

receptor responses by cytokines. Furthermore, it has been
shown that removal of the endothelium does not affect the

Žsarafotoxin 6c upregulation after organ culture Adner et
.al., 1998a .

When the concentration–response curves for inter-
leukin-1b and TNF-a were analysed, we noted that the
strongest effects of interleukin-1b and TNF-a were ob-

Žserved at a concentration of 100 ngrml corresponding to
.5800 Urml, 5.8 nM , and that the response then de-

Ž .creased. Kuo et al. 1997 found a similar peak potency in
the ability of TNF-a to attract neutrophils and to induce
interleukin-8 production in broncoalveolar lavage after in-
tratracheal administration in vivo.

In the second series of experiments, the effect of incu-
bation with cytokines was examined on the endothelin-1-
induced contraction. There was a increase in the endothe-
lin-1 responses relative to Kq contractions after incubation
with TNF-a , probably an effect of the decreased Kq

contraction. Despite the increased sarafotoxin 6c response,
we saw neither any increase in E of endothelin-1, nor amax

leftward-shift of the concentration–response curve. This
may indicate that endothelin-1 at high concentrations
evokes maximum possible contraction for the vessel seg-
ments through endothelin ET receptors, and that coexist-A

ing endothelin ET receptors mask the effect of endothelinA
Ž .ET receptors Mickley et al., 1997 .B

It is considered that although interleukin-1b and TNF-a
act on different receptors, they trigger biologically indistin-
guishable effects by activating the same set of transcription
factors through a system of mitogen-activated protein ki-

Ž .nase kinase kinases Eder, 1997 . Interleukin-2 does not
activate this system, which may explain why incubation
with interleukin-2 did not result in an increased contractile
effect. Furthermore, there was a decrease in the Kq-in-
duced response in all arteries incubated with TNF-a. This
decrease does not seem to affect the maximum contraction
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induced by endothelin-1, and may be due to that TNF-a is
able to impair both resting and hormone-stimulated Ca2q

Ž .levels in vitro Yang et al., 1995 .
Cytokines have in several studies been shown to induce

Žexpression of receptors Audet et al., 1994; Hakonarson et
.al., 1996 . The best documented case is that of the

bradykinin B receptor which has been shown to be upreg-1

ulated following incubation with interleukin-1b, interferon
Ž .g and lipopolysacharides Donaldsson et al., 1997 . Fur-

thermore, interleukin-1b and TNF-a are known to in-
crease the secretion of endothelin-1 from vascular endothe-

Ž .lium and renal epithelial cells Tasaka and Kitazumi, 1994 .
The combined increment in vascular tone due to the
increased endothelin-1 secretion together with an increased
effect of the contractile ET receptor suggests a functionalB

significance in pathological conditions. Even though less
enhancement of the endothelin-1 contraction was seen,
there are several other possible actions of additional ETB

Ž .receptors, such as mitogenesis Eguchi et al., 1994 and
Žpotentiation of noradrenaline-induced contractions Kita et

.al., 1997 . This would suggest that treatment with com-
bined endothelin ET and ET receptor blockers may beA B

of benefit in patients with subarachnoid hemorrhage and
coronary artery disease as have been indicated in novel

Ž .studies Douglas, 1997 .
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