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Orphan-receptor ligand human urotensin I1: receptor localization in
human tissues and comparison of vasoconstrictor responses with

endothelin-1

*!Janet J. Maguire, 'Rhoda E. Kuc & 'Anthony P. Davenport

'Clinical Pharmacology Unit, Level 6 Centre for Clinical Investigation, Box 110 Addenbrooke’s Hospital, Cambridge, CB2 2QQ

1 We have determined the distribution of receptors for human urotensin-II (U-II) in human and
rat CNS and peripheral tissues.

2 In rat, ['"®I]-U-Il binding density was highest in the abducens nucleus of brainstem
(139.6+ 14 amol mm~2). Moderate levels were detected in dorsal horn of spinal cord and lower
levels in aorta (22.5+6 amol mm—?).

3 In human tissues density was highest in skeletal muscle and cerebral cortex (~30 amol mm~2),
with lower levels (<15 amol mm~?) in kidney cortex and left ventricle. Little binding was identified
in atria, conducting system of the heart and lung parenchyma.

4 Receptor density was less in human coronary artery smooth muscle (14.6 +3 amol mm~2, n=10)
than rat aorta with no significant difference between normal and atherosclerotic vessels.

5 In human skeletal muscle ['"*I]-U-II bound to a single receptor population with
K;,=0.2440.17 nM and B, =1.97+1.1 fmol mg~! protein (n=4).

6 U-II contracted human coronary, mammary and radial arteries, saphenous and umbilical veins
with sub-nanomolar ECs, values. U-II was 50 times more potent in arteries and <10 times more
potent in veins than endothelin-1 (ET-1). The maximum response to U-II (~20% of control KCl)
was significantly less than to ET-1 (~80% KCIl). In contrast, in rat aorta, U-II and ET-1 were
equipotent with similar maximum responses.

7 This is the first report of high affinity receptors for ['*’I]-U-II in human CNS and peripheral
tissues. This peptide produces potent, low efficacy, vasoconstriction in human arteries and veins.

These data suggest a potential role for U-II in human physiology.
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Introduction

Urotensin 1T (U-II) was characterized over 30 years ago as one
of several peptides present in the urophysis of teleost fish (see
Bern et al., 1995). This dodecapeptide originally isolated and
sequenced from goby Gillichthys mirabilis (Pearson et al.,
1980), shares some structural homology with somatostatin-14.
Several forms of U-II have been identified in species of teleost,
but all contain a conserved hexapeptide cyclic sequence within
the C-terminal region that confers the majority of the
biological activity (Itoh et al., 1987). In teleosts U-II produces
general smooth muscle contraction, including vasoconstric-
tion, plays a role in osmoregulation and acts as a prolactin
inhibitory factor (see Bern et al., 1995).

Effects of fish U-II, usually goby, were subsequently
reported in mammalian systems. Initial observations were of
relaxation of the mouse anococcygeus muscle (Gibson et al.,
1984) but in rat isolated blood vessels both endothelium-
dependent vasorelaxation and endothelium-independent vaso-
constriction have been detected (Gibson, 1987). Responses
appear to be variable and highly dependent on vascular bed,
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although robust contraction to U-II was obtained in rat
thoracic aorta (Itoh ez al., 1987; 1988; Ames et al., 1999).
Despite the ability to contract some arteries, infusion of goby
U-II into rats produced a reduction in arterial blood pressure,
with heart rate unaffected (Gibson et al., 1986; Hasegawa et
al., 1992). Given the effects of fish U-II on mammalian tissues,
it is not surprising that U-II was isolated and sequenced from
frog brain (Conlon et al., 1992) and subsequently cDNAs were
characterized encoding frog (Coulouarn ez al., 1998), mouse,
rat (Coulouarn et al., 1999) and human (Coulouarn et al.,
1998) U-II precursors.

The human homologue of fish U-II (Figure 1) is an
eleven amino acid peptide (Coulouarn et al., 1998; Ames et
al., 1999) that retains the highly conserved cyclic region of
fish and frog homologues (see Davenport & Maguire, 2000).
Using dot blot analysis of human tissues, the highest level of
pre-pro-U-II mRNA expression was identified in spinal cord
and medulla oblongata, with in situ hybridization studies
implicating a sub-population of motor neurones and motor
nuclei of the brainstem, including the abducens nucleus. In
agreement with the molecular studies U-II-like immunor-
eactivity localized to motor neurones in the spinal cord of
several species (Coulouarn et al., 1998; Ames et al., 1999)
suggesting that U-II may modulate skeletal muscle activity
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and the receptor would be expected to be expressed in this
tissue. Lower levels of mRNA were also detected in a
number of peripheral tissues, including kidney (Coulouarn et
al., 1998, Nothacker et al., 1999). The receptor mediating
the actions of U-II was unknown, but was possibly one of
the many orphan G-protein coupled receptors (GPCR) so
far identified (see Marchese et al., 1999). These included rat
GPR14 (SENR) which had some sequence homology with
the somatostatin sst, and wu-opioid receptors (Marchese et
al., 1995; Tal et al., 1995). Recent reports, published within
weeks of each other, have identified human U-II as a ligand
for GPR14 (Ames et al., 1999; Liu et al., 1999; Mori et al.,
1999; Nothacker et al, 1999). Ames et al, (1999)
additionally identified a human GPCR with 75% identity
to rat GPR14 which when expressed in HEK-293 cells in a
calcium-mobilization assay, was activated by human U-II.
Functional data from this group in isolated blood vessels
from the cynomolgous monkey were remarkable. Human U-
II was 10 times more potent than endothelin-1 (ET-1) with
an extremely slowly developing response. However, although
U-II contracted all arteries tested with sub-nanomolar ECs,
values, no response was obtained from venous tissues. The
effects of systemic administration of U-II in the anaes-
thetized monkey were dramatic, resulting in markedly
increased total peripheral resistance, reduced myocardial
contractility and at the highest concentration, death. The
changes in ECG in these animals were reminiscent of those
that occur during myocardial ischaemia.

U-II clearly has potent cardiovascular effects in non-human
primates but there is only one report of U-II effects in human
vasculature. MacLean er al. (2000) have recently observed
variable responses of human small pulmonary arteries to U-II,
only in the presence of the NOS inhibitor L-NAME. The
receptor distribution for U-II in human tissues has not been
characterized. We have therefore localized binding sites for the
novel radioligand human ['*°I]-U-II in human and rat tissues
where molecular studies have predicted the human UT-II and
GPR14 receptors are expressed. We have quantified the ability
of human U-II to constrict human arteries and veins from a
range of vascular beds and compared this to rat aorta that is
known to respond to human U-II (Nothacker ez al., 1999). The
magnitude of these responses was compared to endothelin-1
(Yanagisawa et al., 1988) the most potent vasoconstrictor of
human blood vessels yet described (Maguire & Davenport,
1995).

Preliminary data have been presented to the British
Pharmacological Society (Kuc et al., 2000, in press; Maguire
& Davenport, 2000, in press).

Figure 1 Deduced amino acid sequence of human U-II indicating
the position of the iodinated tyrosine residue. Shaded residues are
those that are conserved across all known species homologues of the
peptide.

Methods

Tissue collection

Human coronary artery, left ventricle and right atria were
obtained from 25 patients transplanted for dilated cardiomyo-
pathy (DCM), ischaemic heart disease (IHD) or whose hearts
were not suitable for further transplantation (normal).
Saphenous vein, mammary artery and radial artery were from
18 patients receiving coronary artery by-pass grafts. Skeletal
muscle was removed with the mammary artery during these
operations. Umbilical veins were from four cords obtained
following normal deliveries. Histologically normal sections of
kidney were obtained from four patients undergoing ne-
phrectomy for non-obstructive carcinoma. Macroscopically
normal cerebral cortex was obtained from three patients
treated surgically for gliomas or epilepsy. Normal lung tissue
was from three patients undergoing lobectomy for carcinoma.
All human tissues were collected with local ethical committee
approval.

Rat tissues (thoracic aorta, spinal cord and brain) were
from seven female Sprague-Dawley rats (300—350 g). Animals
were killed by an overdose of sodium pentobarbitone followed
by exsanguination.

Saturation analysis of human ['%I]-urotensin II binding

Saturation binding experiments were carried out on cryostat-
cut sections (20 um) of normal human skeletal muscle.
Sections were pre-incubated for 1 h in 20 mm Tris-HCI buffer,
pH 7.4, containing 5 mM MgCl, and 0.2% BSA and then
incubated with increasing concentrations (7.8 pM—4 nMm) ['**]]-
U-II for 1 h. Non-specific binding was determined using
human U-II (1 uMm). Sections were washed for 10 min in
50 mMm Tris-HCI, pH 7.4 at 4°C, and counted for radioactive
content. Data were analysed using the iterative, non-linear
curve-fitting programmes EBDA and LIGAND (Munson &
Rodbard, 1980) in the KELL package (Elsevier Biosoft,
Cambridge, U.K.) to determine values of equilibrium
dissociation constant (Kp) and receptor density (B,,.,). Protein
concentration/tissue section was determined using a DC
protein assay kit (Bio-Rad, Herts, U.K.).

Autoradiographical visualization of ['*I]-urotensin II
binding

Autoradiography was carried out using cryostat-cut sections of
rat thoracic aorta, spinal cord and brain and human tissues
including coronary artery, left ventricle, right atria, kidney,
cerebral cortex and skeletal muscle. Sections were pre-
incubated as described above and then incubated with 0.25 nM
["*°I]-U-II for 1h. Dried sections were apposed, with
standards, to radiation sensitive film for 3 days. The resulting
autoradiograms were analysed using computer-assisted densi-
tometry (Davenport et al, 1995). Binding densities (amol
mm ~2+s.e.mean) were compared using Student’s 2-tailed #-
test or one-way analysis of variance as appropriate using
Minitab statistical package (Minitab Inc., PA, U.S.A.). The
level of significance was set at 5% (P <0.05).

In vitro pharmacology

Human and rat arteries and veins were cleaned of connective
tissue, cut into 4-mm rings and their luminal surface rubbed
gently with a metal seeker to remove the endothelium
(confirmed by the absence of staining with rabbit antiserum
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to human von Willebrand factor as previously described
(Davenport et al., 1996)). Vessels were set up for isometric
force recordings in 5-ml organ baths containing oxygenated
Kreb’s solution (37°C) and allowed to equilibrate for 1 h.
Contractile responses were then recorded to 100 mMm KCI at
incrementally increasing levels of basal tension until no further
increase in KCI response was obtained. This determined the
optimum resting tension for each preparation and was
followed by a further 30 min equilibration period. Cumulative
concentration response curves were then constructed to ET-1
(107'°-3x107" M) or to U-II (107"-10"7 M). In some
experiments, ET-1 (1-3x 1077 M) was added at the end of
the U-II curve and then all experiments were terminated by
addition of 100 mM KCI to determine the maximum possible
response for each preparation. Agonist responses were
subsequently expressed as a percentage of this KCI maximum.

Data were analysed using the iterative curve-fitting
programme Fig P (Biosoft, Cambridge, U.K.) to give values
of pD, (negative log;, of the molar concentration producing
50% of the maximum response) and E,,, (maximum agonist
response as a percentage of the terminal KCI response). All
data were expressed as mean+s.e.mean and n values refer to
the number of patients or rats from whom tissue was obtained.
pD; and E,,, values were compared using Student’s 2-tailed -
test with a significance value of 5% (P <0.05).

Modified Kreb’s solution had the following composition
(mM): NaCl, 90; KCI, 5; MgS0,.7H,0O, 0.5; Na,HPO,, 1;
NaHCOs, 45; CaCl,, 2.25; glucose, 10; Na pyruvate, 5; fumaric
acid, 5; L-glutamic acid, 5.

Materials

Human urotensin-II  (Glu-Thr-Pro-Asp-[Cys-Phe-Trp-Lys-
Tyr-Cys]-Val) and endothelin-1 were purchased from Peptide
Institute (Osaka, Japan). lodinated human urotensin-II
(2000 Ci mmol~') was from Amersham Pharmacia Biotech
(Amersham, U.K.). All other reagents were from standard
commercial sources and of Analar grade.

Results
Radioligand saturation binding and autoradiography

Human tissues were selected for autoradiographical analysis
based on the reported expression of mRNA encoding either U-
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Figure 2 Relative densities of ['*I]-U-II binding determined
autoradiographically in 20-um sections of rat and human tissues.
Data are mean +s.e.mean. n-values are given in parentheses.

II peptide or receptors. Using a fixed concentration of ['*°I]-U-
II the highest density of receptors in the peripheral tissues
analysed was present in skeletal muscle (31.94+9 amol mm~2,
n=135; Figure 2) and this was used for further characterization
by saturation analysis. ['*’I]-U-II bound with a single high
affinity (Kp;=0.24+0.17 nM, n=4) and a B,, of
1.9741.1 fmol mg~' to sections of human skeletal muscle.
Hill slopes were close to unity (ny=1.02+0.03) and a one site
fit was preferred over a two site model.

In human cardiovascular tissue, binding was detected to
vessels, including the media (smooth muscle layer) of
epicardial coronary arteries (14.6+3 amol mm~2, n=10) and
to myocytes in the left ventricle (9.4+4 amol mm~2, n=4)
(Figure 2). There was no difference in the density of medial U-
IT receptors between normal (14.2+5 amol mm™2, n=4),
DCM (12.6+4 amol mm~2, n=23) and atherosclerotic IHD
(16946 amol mm~2, n=3) arteries. Little or no specific
binding (<5 amol mm~?) was detectable in the atria or to the
conducting system of the human heart. In other peripheral
tissues low densities were detected in kidney cortex
(14.5+4 amol mm~2, n=23), but no binding was detected in
lung parenchyma although low levels localized to pulmonary
vessels of varying diameter (consistent with the constrictor
response reported by MacLean et al., 2000) and bronchioles
present within the lung sections (<20 amol mm~?2). Binding
was below the level for detection in fat. In human cerebral
cortex densities were comparable to the highest levels in the
peripheral tissues (32.6+13 amol mm~2, n=3) (Figure 2).
Quantitative autoradiography using rat tissues indicated low
density of specific binding (22.5+6 amol mm~2 n=35)
localized to smooth muscle of aorta. In neuronal tissues,
moderate levels (85+ 14 amol mm~?) were found in dorsal
root ganglion of spinal cord with highest binding density
observed in the abducens nucleus of the brain (139.6 + 14 amol
mm 2, n=4) (Figures 2 and 3).

In vitro pharmacology

In rat the response to U-II in aorta was confined to an
approximately 2-cm segment of thoracic vessel proximal to the
carotid bifurcation of the aortic arch. Consistent responses
were obtained to U-II in the first four aortic rings (4 mm)
taken from this region, with loss of maximum response in more
distal segments (Figure 4). No response was obtained in
abdominal aorta (data not shown). U-II contracted proximal
thoracic aorta from six out of seven rats with a pD, value in
responders of 8.87+0.28 and an E,., of 68.25+11.59% KCl
100 mM. These were not significantly different from data for
ET-1; pD,=8.80+0.31, E.x=92.90+6.93% KCI 100 mM
(n=06) (Table 1; Figure 5A).

A

Figure 3 Autoradiographical localization of ['**I]-U-II binding to
20-um coronal sections (Bregma —10.3) of rat brain showing (A)
total binding to abducens nuclei and (B) non-specific binding in
adjacent section. Scale bar=2 mm.
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All human blood vessels, arteries and veins, responded to
ET-1 (Table 1). However, approximately 30% of coronary and
mammary arteries were not contracted by any concentration of
U-II tested, although ET-1 added after U-II contracted these
vessels. For human arteries U-II was approximately 50 times
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Figure 4 Example of response to U-II in consecutive 4-mm rings of
rat thoracic aorta: effect of distance of aortic ring from carotid
bifurcation on maximum U-II response.
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more potent than ET-1, but because responses to U-II were
very variable between individuals this difference only reached
significance for coronary artery. In contrast the maximum
response to U-II (approximately 20% of KCI response) was
significantly lower than that achieved by ET-1 (approximately
80%) in all arteries tested (Figure 5B). The significant
difference in maximum response between ET-1 and U-II was
also observed in preparations of human veins. However,
compared to arteries there was less than a 10 fold increase in
potency of U-II compared to ET-1, which did not reach
significance in either venous preparation (Table 1).

Discussion

This is the first report of the distribution of ['*°I]-U-1I binding
in human tissue. ['*I]-U-II binding was saturable to human
skeletal muscle with an affinity constant in the sub-nanomolar
range. Hill slopes were close to unity indicating that ['*1]-U-II
bound with a single affinity, with no evidence for receptor sub-
types. The K, for human ['**I]-U-II, not previously determined
in native human tissues, was within the range reported for
goby ['**I]-U-II binding to rat cardiac membranes (0.35 nM) or
expressed human UT-II receptors (0.43 nM; Ames et al., 1999)
and human ["*’I-U-II binding to expressed rat GPR14
receptors (0.07 nM, Nothacker et al., 1999), under comparable
binding conditions. The maximum density of receptors
measured in human skeletal muscle using human ['*[]-U-II
was similar to that reported for goby ['**I]-U-II in rat arteries
or cardiac membranes, 2—20 fmol mg~! (Itoh et al., 1988;
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Figure 5 (A) Concentration-response curves to ET-1 and U-II in endothelium-denuded rat thoracic aorta. Data points are
mean +s.e.mean, n= 6. (B) Concentration-response curves to ET-1 (#=9) and U-II (#=06) in endothelium-denuded human coronary
artery as an example of the relative response of the two peptides in human arteries and veins. Data points are mean +s.e.mean.

Table 1 Comparison of vasoconstrictor activity of endothelin-1 and urotensin-II in rat aorta and human arteries and veins

Endothelin-1

Urotension-11

pDZ Emnx (OA) KC]) n pDZ Emux (% KC]) n
Rat aorta 8.80+0.31 92.90+6.93 6 8.87+0.28 68.254+11.59 6/7*
Human coronary artery 8.354+0.13 83.78+6.02 9 10.05+0.46% 15.39+6.53% 6/9*
Human mammary artery 8.14+0.15 82.11+6.90 6 9.714+0.90 16.414+6.15% 5/7*
Human radial artery 7.8940.04 57.474+10.14 4 9.5240.83 19.654+6.26F 4
Human saphenous vein 8.49+0.40 94.83+3.42 3 9.434+0.57 31.48+9.54% 5
Human umbilical vein 8.4140.38 82.55+8.24 3 9.294+0.40 16.61+9.99% 4

*x/n; n=number of animals or individuals, x =number responding to U-II. Only data from responders included in table. Significantly
different from ET-1 control: 1P <0.05 1P <0.005 Student’s 2-tailed r-test.

British Journal of Pharmacology, vol 131 (3)
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Ames et al., 1999). These densities correspond to B, values in
human arteries for other vasoactive peptides such as
angiotensin Il (Wharton et al., 1998), thromboxane A,
(Katugampola & Davenport, 2000, in press) and ET-1
(Davenport et al., 1995; Bacon et al., 1996). Our data are
therefore consistent with ['*’I]-U-II binding to human UT-II
receptor, the human homologue of rat GPR14.

Ames and colleagues (1999) have recently deduced the
sequence of the human isoform of the rat GPR14 receptor. This
human UT-II receptor (Davenport & Maguire, 2000)
comprises 389 amino acids. Previous reports suggest that
human UT-II receptor mRNA can be detected in tissue
homogenates of human heart (cardiac myocytes in atria and
ventricle) (Ames et al., 1999; Liu et al., 1999), skeletal muscle
and bladder (Liu et al., 1999), pancreas, brain, arterial (but not
venous) smooth muscle and endothelial cells (Ames et al.,
1999). In agreement with these findings we detected highest
levels of human ['**I]-U-II binding in human skeletal muscle,
compatible with the proposed distribution of U-II in
motorneurones of the spinal cord. Although some binding was
detected in human cerebral cortex it was not possible to
investigate if motor nuclei of human brain express very high
densities of receptors as seen in the rat abducens nucleus.
Consistent with predictions from dot blot analysis we also
localized low levels of receptors to coronary artery smooth
muscle and kidney cortex. However we found very low levels of
receptor expression in human left ventricle and could not detect
specific binding in atria and conducting system of the human
heart. This finding is perhaps not unexpected as Ames group
used quantitative RT—PCR to detect the low levels of
transcript present in human cardiovascular tissues. Our
observation of binding of human ['**I]-U-II to rat aorta, spinal
cord and abducens nucleus is also consistent with previous
reports of a neural and sensory localization of this receptor in
rat (Tal ez al., 1995; Liu et al., 1999; Nothacker et al., 1999).

In both rat and human nervous system prepro-U-II mRNA
was consistently identified in spinal cord and motor nuclei
(including the abducens nucleus) of the medulla oblongata
(Coulouarn et al., 1998; 1999; Ames et al., 1999; Nothacker et
al., 1999). However the source of U-II peptide interacting with
the UT-II receptor in peripheral tissues is unclear and there is
some discrepancy between molecular studies. Whilst Ames and
colleagues (1999) reported U-II-like immunoreactivity in the
human vasculature, with diffuse staining in the heart, mRNA
encoding the peptide was not detected in homogenates of
human tissue, including heart and aorta, by dot blot analysis.
Nothacker ez al. (1999) using similar techniques, also failed to
detect message in most of the peripheral tissues they examined
although they found high expression of human prepro-U-II
mRNA in human kidney. Coulouarn et al. (1998) also reported
highest expression of U-II mRNA in human spinal cord and
medulla oblongata but found a more widespread distribution
(by dot blot analysis) of human prepro-U-II mRNA in
peripheral tissues, including the adrenal glands, kidney and
spleen, which may be suggestive of some local synthesis and
release. However, it is possible that mRNA may be below the
level for detection or the peptide may circulate in the plasma
and is synthesized some distance from target organs.

It has been known for some time that fish U-II will contract
rat arteries, particularly the thoracic aorta. We used this
preparation as a control to compare the constrictor activity of
human U-II to the potent vasoconstrictor ET-1 (Yanagisawa
et al., 1988; Maguire & Davenport, 1995). We found that U-II
and ET-1 were equipotent, with ECs, values of approximately
1.5 nM. This is consistent with that observed for human U-II in
rat aorta of 2.4 nM reported by Nothacker and colleagues

(1999). The maximum response to ET-1 was greater than that
to U-II, but due to the greater variability of the U-II data this
difference was not significant. Indeed one rat aorta failed to
respond to U-II and we observed that only vessel rings
removed from the portion of thoracic aorta proximal to the
carotid bifurcation responded well, with a drastic reduction in
efficacy seen in more distal tissue (Figure 4). As reported by
others we found no response to U-II in rat abdominal aorta.
As predicted by the lower receptor density in human coronary
artery media compared to rat aorta the responses to U-II in
human blood vessels were less robust. In human coronary,
mammary and radial arteries U-II was approximately 50 times
more potent than ET-1, however whereas all arteries
contracted to ET-1 approximately 30% did not respond to
U-II. This is likely to be due to the low receptor density and the
greater variability of human compared to rat tissues. The low
receptor density perhaps also may explain the low efficacy of
U-II compared to ET-1 in these blood vessels. Ames et al.
(1999) also reported U-II to be more potent than ET-1 in
monkey arteries. However they found a very clear restriction
of U-II-mediated vasoconstriction to arterial vessels with no
response in venous tissue. In contrast we found that human U-
II contracted human saphenous and umbilical vein and
although all veins responded (in contrast to the arterial
preparations), U-IT was less than 10 times more potent than
ET-1 in these vessels and the maximum response to U-II was
again significantly attenuated compared to ET-1. Therefore in
human blood vessels we find that human U-II is extremely
potent, but has low efficacy which may reflect a low density of
high affinity receptors localized to the vascular smooth muscle.
The effect of U-II on human coronary artery is much less
dramatic than that observed in monkey and it is possible
therefore that the spectacular cardiac collapse elicited by U-II
in vivo in this animal (Ames e? al., 1999) would not be observed
in man. Interestingly U-II-like immunoreactivity was report-
edly present in atherosclerotic human coronary artery (Ames
et al., 1999) suggesting the peptide may have a potential role in
human cardiovascular disease. In our investigations we could
detect no alteration in the density ['*’I]-U-1I binding in the
media of healthy compared to atherosclerotic epicardial
coronary arteries. This does not however preclude an increase
in the synthesis of the peptide in this disease.

It has been reported that in human pulmonary artery in vitro
constrictor responses to human U-II were not observed in
vessels with an intact endothelium but were observed in 3/10
adjacent rings treated with the NOS inhibitor L-NAME
(MacLean et al., 2000). These authors suggested that U-II-
mediated release of NO may physiologically antagonize its
direct vasoconstrictor activity and that U-II constrictor activity
may be of greater relevance in pathophysiological conditions in
which endothelial dysfunction occurs. The more robust
response to U-II observed in our preparations may reflect the
absence of endothelium in these experiments and certainly
endothelium-dependent relaxation to fish U-II has previously
been reported in mammalian vascular smooth muscle (Gibson
et al., 1987). However, the relative importance of human U-II
as constrictor or dilator of the human vasculature and whether
this is altered in disease remains to be determined.

In conclusion this is the first report of the localization of
high affinity binding sites for the novel radioligand human
["**I]-U-II in human and rat tissues. The receptor for this
ligand was present in human arteries and veins, left ventricle,
kidney cortex, skeletal muscle and cerebral cortex. Receptor
density in these tissues was comparable to that in rat aorta but
lower than detected in rat spinal cord and abducens nuclei of
the rat brainstem. It will be of interest if high receptor densities
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localize to these same regions in man. In functional assays we
find that U-II potently constricts both human arteries and
veins suggesting that this peptide may behave as a ubiquitous
vasoconstrictor, similar to ET-1. However, while U-II was
more potent than ET-1, the magnitude of response to U-II was
considerably less than this peptide. Intriguingly, greater
densities of UT-II receptors were found in tissues such as
human skeletal muscle with highest densities in discrete regions
of rat brain and spinal cord suggesting that the peptide may

References

AMES, R.S., SARAU, H.M., CHAMBERS, J.K., WILLETTE, R.N.,
ALYAR, N.V., ROMANIC, A.M., LOUDEN, C.S., FOLEY, J.J.,
SAUERMELCH, C.F., COATNEY, R.W., AO, Z., DISA, J., HOLMES,
S.D., STADEL, J.M., MARTIN, J.D., LIU, W-S., GLOVER, G.I,,
WILSON, S., MCNULTY, D.E., ELLIS, C.E., ELSHOURBAGY, N.A.,
SHABON, U., TRILL, J.J., HAY, D.W.P., OLSTEIN, E.H., BERGS-
MA, D.J. & DOUGLAS, S.A. (1999). Human urotensin-II is a
potent vasoconstrictor and agonist for the orphan receptor
GPR14. Nature, 401, 282 —286.

BACON, C.R., CARY, N.R.B. & DAVENPORT, A.P. (1996). Endothelin
peptides and receptors in human atherosclerotic coronary artery
and aorta. Circ. Res., 79, 794—-801.

BERN, H.A., PEARSON, D., LARSON, B.A. & NISHIOKA, R.S. (1995).
Neurohormones from fish tails: the caudal neurosecretory
system. I. “Urophysiology” and the caudal neurosecretory
system of fishes. Recent Prog. Hormone Res., 41, 533 —-552.

CONLON, J.M., OHARTE, F., SMITH, D.D., TONON, M.C. & VAUDRY,
H. (1992). Isolation and primary structure of urotensin-II from
the brain of a tetrapod, the frog Rana Ridibunda. Biochem.
Biophys. Res. Commun., 188, 578 — 583.

COULOUARN, Y., JEGOU, S., TOSTIVINT, H., VAUDRY, H. &
LIHRMANN, I. (1999). Cloning, sequence analysis and tissue
distribution of the mouse and rat urotensin II precursors. FEBS
Lett., 457, 28 -32.

COULOUARN, Y., LIHRMANN, I., JEGOU, S., ANOUAR, Y., TOSTI-
VINT, H., BEAUVILLAIN, J-C., CONLON, J.M., BERN, H.A. &
VAUDRY, H. (1998). Cloning of the cDNA encoding the
urotensin Il precursor in frog and human reveals intense
expression of the urotensin II gene in motorneurons of the spinal
cord. Proc. Natl. Acad. Sci. U.S.A., 95, 15803 —15808.

DAVENPORT, A.P., HOSKINS, S.L., KUC, R.E. & PLUMPTON, C.
(1996). Differential distribution of endothelin peptides and
receptors in human adrenal gland. Histochem. J., 28, 779 —789.

DAVENPORT, A.P. & MAGUIRE, J.J. (2000). Urotensin II: fish
neuropeptide catches orphan receptor. Trends Pharmacol. Sci.,
21, 80-82.

DAVENPORT, A.P., O'REILLY, G. & KUC, R.E. (1995). Endothelin
ETA and ETg mRNA and receptors expressed by smooth muscle
in the human vasculature: majority of the ET, sub-type. Br. J.
Pharmacol., 114, 1110-1116.

GIBSON, A. (1987). Complex effects of Gillichthys urotensin II on rat
aortic strips. Br. J. Pharmacol., 91, 205-212.

GIBSON, A., BERN, H.A., GINSBURG, M. & BOTTING, J.H. (1984).
Neuropeptide-induced contraction and relaxation of the mouse
anococcygeus muscle. Proc. Natl. Acad. Sci. U.S.A., 81, 625—-629.

GIBSON, A., WALLACE, P. & BERN, H.A. (1986). Cardiovascular
effects of urotensin-II in anesthetized and pithed rats. Gen. Comp.
Endocrinol., 64, 435—-439.

HASEGAWA, K., KOBAYASHI, Y. & KOBAYASHI, H. (1992).
Vasodepressor effects of urotensin-II in rats. Neuroendocrinol.
Lett., 14, 357-363.

ITOH, H., ITOH, Y., RIVIER, J. & LEDERIS, K. (1987). Contraction of
major artery segments of rat by fish neuropeptide urotensin II.
Am. J. Physiol., 252, R361 -R366.

ITOH, H., MCMASTER, D. & LEDERIS, K. (1988). Functional
receptors for fish neuropeptide urotensin II in major rat arteries.
Eur. J. Pharmacol., 149, 61 —66.

KATUGAMPOLA, S.D. & DAVENPORT, A.P. (2000). Human internal
mammary possesses a greater density of thromboxane A,
receptors than the coronary artery: differential distribution in
human vasculature. Br. J. Pharmacol. (in press).

KUC, R.E., MAGUIRE, J.J. & DAVENPORT, A.P. (2000). Localisation
of binding sites for human ['**I]-urotensin II (U-II), the novel
orphan receptor ligand in human and rat CNS and peripheral
tissues. Br. J. Pharmacol. (in press).

have other and perhaps more important physiological roles in
the periphery and central nervous system.

Supported by grants from the British Heart Foundation, Royal
Society and Isaac Newton Trust. With thanks to Stephen Douglas
and Eliot Ohlstein (SmithKline Beecham Pharmaceuticals, King of
Prussia, PA, U.S.A.) for helpful discussion. We are grateful to Jean
Chadderton and staff at Papworth and Addenbrooke’s Hospitals
and the Rosie Maternity Unit (Cambridge, U.K.) for their
assistance.

LIU, Q., PONG, S.-S., ZENG, Z., ZHANG, Q., HOWARD, A.D.,
WILLIAMS JR., D.L., DAVIDOFF, M., WANG, R., AUSTIN, C.P.,
MCDONALD, T.P., BAI, C., GEORGE, S.R., EVANS, J.F. & CASKEY,
C.T. (1999). Identification of urotensin II as the endogenous
ligand for the orphan G-protein-coupled receptor GPRI14.
Biochem. Biophys. Res. Commun., 266, 174—178.

MACLEAN, M.R., ALEXANDER, D., STIRRAT, A., GALLAGHER, M.,
DOUGLAS, S.A., OHLSTEIN, E.H., MORECROFT, I. & POLLAND,
K. (2000). Contractile responses to human urotensin-II in rat and
human pulmonary arteries: effect of endothelial factors and
chronic hypoxia in rat. Br. J. Pharmacol., 130, 201 —204.

MAGUIRE, J.J. & DAVENPORT, A.P. (1995). ET4 receptor-mediated
constrictor responses to endothelin peptides in human blood
vessels in vitro. Br. J. Pharmacol., 115, 191-197.

MAGUIRE, J.J. & DAVENPORT, A.P. (2000). Constrictor responses of
the novel peptide human urotensin II (U-II) and endothelin-1
(ET-1) compared in endothelium-denuded human arteries and
veins in vitro. Br. J. Pharmacol. (in press).

MARCHESE, A., GEORGE, S.R., KOLAKOWSKI JRrR., L.F., LYNCH,
K.R. & O'DOWD, B.F. (1999). Novel GPCR’s and their
endogenous ligands: expanding the boundaries of physiology
and pharmacology. Trends Pharmacol. Sci., 20, 370—375.

MARCHESE, A., HEIBER, M., NGUYEN, T., HENG, H.H.Q., SALDIVA,
V.R., CHENG, R., MURPHY, P.M., TSUI, L.-C., SHI, X., GREGOR,
P., GEORGE, S., O'DOWD, B.F. & DOCHERTY, J.M. (1995).
Cloning and chromosomal mapping of three novel genes,
GPRY9, GPR10 and GPRI14, encoding receptors related to
interleukin 8, neuropeptide Y and somatostatin receptors.
Genomics, 29, 335—344.

MORI, M., SUGO, T., ABE, M., SHIMOMURA, Y., KURIHARA, M.,
KITADA, C., KIKUCHI, K., SHINTANI, Y., KUROKAWA, T.,
ONDA, H., NISHIMURA, O. & FUJINO, M. (1999). Urotensin II
is the endogenous ligand of a G-protein-coupled orphan
receptor, SENR (GPRI14). Biochem. Biophys. Res. Commun.,
265, 123-129.

MUNSON, PJ. & RODBARD, D. (1980). LIGAND: a versatile
computerized approach for characterization of ligand-binding
systems. Analytical Biochem., 107, 220—239.

NOTHACKER, H.-P., WANG, Z., MCNEILL, A.M., SAITO, Y., MER-
TEN, S., ODOWD, B., DUCKLES, S.P. & CIVELLIL, O. (1999).
Identification of the natural ligand of an orphan receptor G-
protein-coupled receptor involved in the regulation of vasocon-
striction. Nature Cell Biol., 1, 383 —385.

PEARSON, D., SHIVELY, J.E.,, CLARK, B.R., GESCHWIND, ILI.,
BARKLEY, M., NISHIOKA, R.S. & BERN, H.A. (1980). Urotensin
II: a somatostatin-like peptide in the caudal neurosecretory
system of fishes. Proc. Natl. Acad. Sci. U.S.A., 77, 5021 —5024.

TAL, M., AMMER, D.A., KARPUJ, M., KRIZHANOVSKY, V., NAIM,
M. & THOMPSON, D.A. (1995). A novel putative neuropeptide
receptor expressed in neural tissue, including sensory epithelia.
Biochem. Biophys, Res. Commun., 209, 752 —759.

WHARTON, J., MORGAN, K., RUTHERFORD, A.D., CATRAVAS, J.D.,
CHESTER, A., WHITEHEAD, B.F., DE LEVAL, M.R., YACOUB,
M.H. & POLAK, J.M. (1998). Differential distribution of
angiotensin AT, receptors in the normal and failing human
heart. J. Pharmacol. Exp. Therap., 284, 323 -336.

YANAGISAWA, M., KURIHARA, H., KIMURA, S., TOMOBE, Y.,
KOBAYASHI, M., MITSUL Y., YAZAKI, Y., GOTO, K. & MASAKI,
T. (1988). A novel potent vasoconstrictor peptide produced by
vascular endothelial cells. Nature, 332, 411—415.

(Received May 22, 2000
Revised July 13, 2000
Accepted July 14, 2000)

British Journal of Pharmacology, vol 131 (3)



