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Abstract   

Urotensin II (U-II) is the most potent vasoconstrictor known, even more potent than 

endothelin-1. It was first isolated from the fish spinal cord and has been recognized as a 

hormone in the neurosecretory system of teleost fish for over 30 years. After the 

identification of U-II in humans and the orphan human G-protein-coupled receptor 14 as the 

urotensin II receptor, UT, many studies have shown that U-II may play an important role in 

cardiovascular regulation. Human urotensin II (hU-II) is an 11 amino acid cyclic peptide, 

generated by proteolytic cleavage from a precursor prohormone. It is expressed in the central 

nervous system as well as other tissues, such as kidney, spleen, small intestine, thymus, 

prostate, pituitary, and adrenal gland and circulates in human plasma. The plasma U-II level 

is elevated in renal failure, congestive heart failure, diabetes mellitus, systemic hypertension 

and portal hypertension caused by liver cirrhosis. The effect of U-II on the vascular system is 

variable, depending on species, vascular bed and calibre of the vessel. The net effect on 

vascular tone is a balance between endothelium-independent vasoconstriction and 

endothelium-dependent vasodilatation. U-II is also a neuropeptide and may play a role in 

tumour development. The development of UT receptor antagonists may provide a useful 

research tool as well as a novel treatment for cardiorenal diseases. 
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Introduction 

Urotensin II (U-II) was first isolated from the fish spinal cord and has been recognized as a 

hormone in the neurosecretory system of teleost fish for over 30 years.1,2 U-II is the most 

potent vasoconstrictor known and is even more potent than endothelin-1 (ET-1).2 This brief 

review summarises what is known about the peptide and its receptor (UT), their physiological 

roles and relation to diseases. 

 

Amino acid sequence and mRNA expression 

U-II is a cyclic peptide and shares a similar sequence with somatostatin (Table 1).1 U-II 

isoforms from human, monkey, pig, rat, mouse and goby all contain a conserved C-terminal 

cyclic hexapeptide sequence (Cys-Phe-Trp-Lys-Tyr-Cys) that confers most of the biological 

activity. The N-terminus of U-II differs in length and sequence depending on the animal 

species.3,4 

 

Human U-II (hU-II) is an 11 amino acid cyclic peptide and is derived from a large precursor 

molecule (prepro-U-II). The gene encoding the peptide, UTS2, is located at 1p36 and contains 

5 exons (Figure 1). Human prepro-U-II mRNA has been found in the heart, aorta, vascular 

endothelial cells, leukocytes, brain, spinal cord, kidney, lung, liver, adrenal gland, pituitary, 

spleen, small intestine, colon, placenta and other tissues, with the highest intensity in the 

spinal cord.5-9 

 

Receptor structure and expression 

The receptor for hU-II turned out to be the orphan G-protein-coupled receptor 14 

(GPR14).2,10 This receptor, now termed UT, is a 389-amino acid protein with seven 

transmembrane domains. It is homologous to rat GPR14 and is similar to the somatostatin 
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receptor sst4 in structure.2,10 The gene coding for the human UT receptor is intronless and is 

located at 17q25.3.11 The UT receptor is found in human brain, spinal cord, leukocytes, 

ventricular myocardium, vascular endothelial and smooth muscle cells, kidney cortex, 

adrenal gland, pituitary and thyroid, with the highest density in skeletal muscle and cerebral 

cortex.2,6,7,9,12 The distribution of U-II and its receptor suggests that U-II may act as a local or 

circulating vasoactive hormone in cardiovascular regulation. Differential distribution of UT 

receptors may partly explain the variability in contractile responses to U-II. U-II was 

previously thought to be arterioselective because UT receptors have not been found in human 

veins except umbilical veins.2,10 More recent studies showed that hU-II contracts epigastric, 

facial, saphenous and umbilical veins, suggesting the presence of the UT receptor.12,13 

 

Signal transduction 

The UT receptor is coupled to the Gαq/11 signal transduction pathway, the activation of which 

leads to an increase in inositol triphosphate and mobilization of intracellular Ca2+ (Figure 

2).2,14,15 The mechanism by which U-II elicits smooth muscle contraction is complex.16,17 It 

involves small GTPase RhoA and its downstream effector Rho-kinase18, phospholipase C, 

protein kinase C and tyrosine kinase19, PKC-independent phosphylation of myosin light chain 

(MLC-2)20 as well as the Ca2+-calmodulin/MLC kinase system, extracellular signal-regulated 

kinase (ERK) and p38 mitogen-activated protein kinase.21 Rho signalling pathway and ERK 

may also be involved in U-II-induced vascular smooth muscle cell proliferation.18,22 

 

Post-translational processing of U-II  

Human prepro-U-II, first cloned by Coulouarn et al.3, has a signal-peptide sequence at the N-

terminal end (Figure 1). There are two alternative splicing variants of human prepro-U-II, 

isoforms a and b, with 139 and 124 amino acid residues respectively. They differ in the N-

 4



terminal sequence.2,3,4 Mature U-II is produced from the proteolysis of prepro-U-II at the 

putative tribasic site, K126K127R128, in the splice variant a and K111K112R113 in the splice 

variant b (Figure 1).2,3 The enzymatic cleavage confers biological activity.23 A specific 

urotensin converting enzyme (UCE) has not been identified, but there are several enzymes 

that can perform the proteolytic cleavage. By studying the conversion of a 25-amino acid C-

terminal fragment of prepro-U-II to mature U-II, Russell et al.24 demonstrated that furin, an 

endoprotease which is expressed in most cell types and localized in the trans-Golgi network25, 

may function as an intracellular UCE. The same authors also showed that trypsin, a serine 

protease, may act on prepro-U-II in the circulation.24 

 

U-II-like immunoreactivity 

As both prepro-U-II and mature U-II contain the Cys-Phe-Trp-Lys-Tyr-Cys cyclic motif, 

polyclonal antibodies may recognise other peptides containing this cyclic motif such as 

urotensin II-related peptide (URP) (Ala-Cys-Phe-Trp-Lys-Tyr-Cys-Val) (Table 1). URP is 

thought to be as the only peptide with U-II-like immunoreactivity in the rat brain and may be 

the endogenous ligand for the UT receptor in rat brain.8,26 The seven C-terminal residues of 

URP are identical to those in hU-II. This may explain the large variations in the estimation of 

U-II-like immunoreactivity in different studies.8,23,27 Human URP is derived from a 119-

amino acid residue precursor protein encoded by a gene at 3q29, so the gene and the 

precursor are different from those of hU-II.8,26 Although the physiological and pathological 

importance of URP is unknown at presence, URP exhibits a slightly higher affinity for the 

human UT receptor and a slightly lower potency in the contraction of de-endothelialized 

aortic rings.8,26,28 
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Reverse-phase HPLC and radioimmunoassay of brainstem and spinal cord extracts contains 

additional U-II-immunoreactive peaks, which may be due to cleavage of prepro-U-II at two 

other putative sites (Arg84Lys85 and Arg100Lys101 in splice variant a and Arg69Lys70 and 

Arg85Lys86 in splice variant b) (Figure 1).29 It is not known whether cleavage at these sites 

has any functional importance or is simply a process of protein degradation. Similar results 

were also observed in cultured human SW-13 adrenocortical carcinoma cells.30 The anti-hU-

II antibody cross-reacts with prepro-hU-II fragment.23 Even using more specific monoclonal 

antibodies, Aiyar et al.27 still found cross-reactivity and advised the cautious interpretation of 

U-II-like immunoreactivity.  

 

Analogues of U-II and their properties 

Analogues of U-II have been used to study the relationship between structure and function. 

The cyclic octapeptide, hU-II(4-11) generated by elimination of the Glu-Thr-Pro tripeptide in 

the N-terminal has a higher affinity to the UT receptor and higher vasoconstriction activity on 

the rat thoracic aorta than its full-length.19 Thus, residues 4-11 confer biological activity and 

are conserved across species while the N-terminus confers species specificity.19 The residues, 

Trp7-Lys8-Tyr9 appear to be essential for biological activity.31,32,33 Kinney et al.32 suggested 

the presence of a tyrosine-binding pocket in the UT receptor and the substitution of Tyr9 with 

(2-naphthyl)-L-alanine in U-II can improve the agonist activity slightly, perhaps due to 

enhanced hydrophobic interaction. The Phe6 of U-II may also interact with Met184 and 

Met185 of the fourth transmembrane domain of the UT receptor.34 The disulphide bridge of 

U-II is not essential for biological activity, as it can be replaced by a lactam ring.35 The 

replacement of Cys5 by penicillamine in hU-II(4-11) generates a potent agonist that has a 3-

fold higher affinity for the receptor and 20-fold more potent in contracting the rat aorta than 

full-length hU-II36. Camarda et al.37 generated a partial UT receptor agonist by replacing Lys8 

 6



with Orn. This [Orn8]U-II acts as a full agonist in calcium mobilization assay with a maximal 

effect similar to U-II, but acts as a competitive antagonist in the rat aorta assay, with a small 

and consistent residual agonist activity at high concentration.37 Urantide ([Pen5, DTrp7, 

Orn8]hU-II(4-11)) is the most potent antagonist in the rat aorta assay but an agonist in the 

calcium mobilization assay in cultured CHO cells transfected with the human UT 

receptor.38,39 

 

Based on the sequence similarity between U-II and somatostatin, Rossowski et al.19 reported 

that somatostatin analogues PRL-2882, PRL-2903 and PRL-2915 can act as rat UT receptor 

antagonists. The somatostatin antagonist, SB-710411, is also a rat UT receptor antagonist.40 

However, it potentiates the contractile response to endothelin-1, limiting its usefulness in 

pharmacological experiments.41 Interestingly, it is a full agonist at both monkey and human  

UT receptors, indicating that the functional response to UT receptor modulators may vary 

with species.42,43 The neuromedin B receptor antagonist, BIM-23127, with sequence 

similarity to SB-710411, has also been identified as a potent competitive antagonist of both 

human and rat UT receptors.44  

 

The development of UT receptor antagonists can advance the understanding of the 

pathophysiological role of U-II and the design of new drugs. Using a functional mammalian 

cell-based assay to screen a library of 180,000 small organic molecules, a highly selective 

non-peptide human UT receptor agonist with an EC50 of 300nM, AC-7954, was discovered.45 

Using a pharmacophore model based on the structure-function relationship data and the NMR 

solution structure, Flohr et al.31 identified by virtual screening 10 out of 500 compounds that 

can inhibit U-II induced calcium mobilization. Clozel et al.46 reported a new potent and 

specific non-peptide UT receptor antagonist, palosuran (ACT-058362) which can inhibit U-
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II-induced calcium mobilization, mitogen-activated protein kinase phosphorylation and 

constriction of rat aortic rings without any antagonistic effect on the actions of other 

vasoconstrictive agents. Intravenous administration of palosuran in a rat model of renal 

ischaemia improved renal glomerular and tubular dysfunction.46 Clinical studies of palosuran 

in renal diseases are currently in progress. 

 

Role in the cardiovascular system 

In human, hU-II can cause the vasoconstriction of coronary, mammary and radial arteries as 

well as saphenous and umbilical veins.12 It is about 50 times more potent than ET-1 in 

causing contraction of these arteries and just under 10 times more potent than ET-1 in 

contracting veins. However, the maximum response is significantly lower than that achieved 

by ET-1, and approximately 30% of coronary and mammary arteries respond to ET-1 but not 

to U-II.12 This may be due to the low density of high-affinity receptor in vascular smooth 

muscle cell of these vessels. The contractile effect of U-II, like ET-1, is of slow onset and 

long duration when compared with other vasoactive agents such as potassium chloride, 

noradrenaline and angiotensin II.13,47,48 The UT receptor is involved because isolated thoracic 

aortic rings from UT receptor knockout mice do not respond to hU-II.49 

 

U-II causes vasoconstriction in rat pulmonary artery but not the small pulmonary arteries of 

both rat and human.50 The effect is enhanced by endothelium removal, raised vascular tone, 

nitric oxide (NO) synthase inhibition and in pulmonary hypertension.50 However, Bennett et 

al.51 did not find any vasoconstrictive activity of U-II in isolated perfused human lungs and 

isolated human pulmonary arteries in endothelial dysfunction.  
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The vascular actions of U-II vary with species, vascular beds and even regions of the same 

vascular beds.13,52,53,54,55 U-II does not have any effect on human small subcutaneous 

resistance arteries and veins, human skeletal muscle small resistance arteries or mouse 

isolated thoracic and abdominal aortae.52,53,54 

 

The species and regional variations of U-II responses may be due to differences in receptor 

density, enzymatic conversion of the peptide, and the activity of endothelium derived 

relaxing factors, in which receptor density seems to be the predominant factor. U-II contracts 

rat thoracic aorta much more than abdominal aorta which is related to the higher UT receptor 

density in rat thoracic aorta as demonstrated by radioligand binding assay and RT-PCR.53,56,57 

The human coronary artery has a lower receptor density compared to rat aorta and this may 

account for the greater effect of U-II on the rat aorta compared to human coronary artery in 

vitro.12 Douglas et al.53 argued that the effect of endothelium derived relaxing factors could 

not explain the variations of U-II response in in vitro studies as regional and species 

differences still exist in endothelium-denuded vessels and instead suggested a spare receptor 

reserve hypothesis. In this hypothesis, most of the UT receptors are occupied by U-II in a 

“pseudo-irreversible manner” with a very slow receptor dissociation rate. Thus when there is 

a lack of spare receptor reserve, there may only be a small number of unoccupied UT 

receptors available for binding U-II. In such tissue, the response could be very variable or 

low. Moreover, different extent of UT receptor desensitization in different species or tissues 

may also contribute to the regional and species variations of U-II response. 

 

Human U-II induces a biphasic response in perfused rat heart, a transient decrease in 

coronary flow followed by sustained vasodilatation that can be inhibited by a cyclooxygenase 

inhibitor and an NO synthase inhibitor.58 Endothelium-dependent vasodilation was also 
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observed in methoxamine-precontracted small mesenteries arteries and phenylephrine-

precontracted renal artery57,59, and ET-1-precontracted small pulmonary arteries and 

abdominal resistance arteries.55 This might be due to the release of the NO or endothelium-

derived hyperpolarizing factor from an intact endothelium.50,57 NO plays an important role in 

the regulation of cardiac function and vascular tone.60 It is possible that the vasoconstricting 

effect of U-II is unmasked in endothelial dysfunction in which NO production is impaired. U-

II upregulates endothelial nitric oxide synthase (eNOS).61 In rat renal artery, hU-II induces 

NO synthesis in the intact endothelium, resulting in vasodilatation.59 

 

U-II also exhibits cardiostimulant effects in human heart in vitro.62 In a concentration-

dependent manner, hU-II increases the contractile force without changing the contraction 

duration in right atrial trabeculae from non-failing hearts, and causes a small increase in 

contractile force in right ventricular trabeculae from explanted hearts.62 It also enhances 

plasma extravasation in specific vascular territories, and may therefore be involved in the 

development of oedema in heart failure.63 

 

A biphasic haemodynamic response was observed after bolus injection of hU-II in conscious 

rats.64 The initial response was a prostanoid-mediated mesenteric and hindquarter 

vasodilatation, tachycardia and a small fall in blood pressure. After 30-60 min of injection, a 

second phase response was observed, including tachycardia and NO-dependent hindquarters 

vasodilatation with a modest rise in blood pressure.64,65  

 

Intravenous administration of U-II at low dose (<30pmolkg-1) in anaesthetized monkeys 

increases cardiac output and reduces peripheral resistance while a higher dose decreases 

myocardial function, cardiac output, stroke volume, heart rate, carotid and coronary blood 
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flow with an increase in vascular resistance which culminates in severe pulmonary 

hypertension, myocardial depression and fatal circulatory collapse.2,66 In anaesthetized rats, 

intravenous bolus hU-II injection decreases cardiac contractility, mean arterial blood pressure 

and left ventricular systolic pressure.67 Recently, the cat has been found to be a useful model 

to study as isolated feline arteries are highly responsive to U-II.68 Infusion of U-II in the cat 

doubles the systemic vascular resistance and blood pressure without marked changes in the 

heart rate or cardiac output.68  

 

In vivo, U-II causes potent vasoconstriction in man with a dose-dependent reduction in 

forearm blood flow.69 However, in another study, an increase in blood pressure or peripheral 

resistance was not observed following the infusion of U-II in healthy men.70 Moreover, 

intravenous U-II infusion did not affect systemic haemodynamics or arterial stiffness, even 

with a 100-fold increase in plasma U-II levels.71 As U-II can cause both endothelium-

independent vasoconstriction and endothelium-dependent vasodilatation, the net effect can be 

variable, depending on the balance between vasoconstriction and vasodilatation. In the 

studies of Wilkinson et al.70 and Affolter et al.71, the vasodilatation effect of U-II may mask 

its vasoconstriction effect. The vasoconstriction effect in the study of Bohm et al.69 may 

probably due to possible loss of vasodilator capacity and loss of NO. This loss of vasodilator 

capacity has been observed in the skin vessels heart failure patients, which may be due to 

endothelial dysfunction.72  

 

Role in the kidney 

In fish, U-II affects sodium transport, lipid and glucose metabolism.1 The urinary hU-II 

concentration is about 3 orders of magnitude greater than the plasma concentration.5 U-II 

may play a role in the regulation of GFR via the tubuloglomerular feedback and the reflex 
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control of glomerular filtration rate (GFR).73 In the kidney, U-II has vasodilator and 

natriuretic effects. Increases in renal blood flow and GFR were observed after the infusion of 

synthetic hU-II into the renal artery of anesthetized rats and this can be completely inhibited 

by a nitric oxide synthase inhibitor.59  

 

Role in the nervous system 

The presence of U-II-like immunoreactivity and the UT receptor in the motor neurons in the 

spinal cord and the brain stem suggests a potential role of U-II in the central nervous 

system.3,6,10 Prepro-U-II expression in the ventral horn of the spinal cord and facial nucleus 

motor neurons is reduced in neurons expressing androgen.74 How androgen interferes with U-

II expression is unclear but androgen can cause the promotion of motor neuron growth and 

regeneration as well as the prevention of normally occurring cell death in the sexually 

dimorphic spinal nucleus.75,76,77 

 

hU-II is interestingly expressed in the motor neurons of the human spinal cord motorneurons, 

like calcitonin gene-related peptide.3,78 U-II stimulates spontaneous neurotransmitter release 

from the motor nerve terminal in frogs.79 U-II induces c-fos in the cingulate cortex and 

periaqueductal grey.80 These areas integrate cognitive and emotional responses, and control 

motor, endocrine and autonomic functions. Intracerebroventricular (ICV) administration of 

hU-II in rats increased rearing and grooming, and motor activity as well as the plasma levels 

of thyroid stimulating hormone and prolactin without changing the levels of dopamine or 

serotonin (5-HT) levels, showing that U-II has behavioural and endocrine effects in the 

central nervous system.81 
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Intracerebroventricular administration of U-II elicits a pressor and tachycardic response via 

activation of the sympathetic nervous system.82 hU-II has different effects in different parts of 

the brain. Microinjection of U-II into the A1, but not A2 area of the rat medulla causes a dose-

dependent hypotensive and bradycardiac response while microinjection into either the 

paraventricular or arcurate nucleus increases the arterial blood pressure and heart rate slightly 

and transiently.83 In conscious unstressed sheep, intracerebroventricular administration of U-

II leads to secretion of adrenocorticotropic hormone (ACTH) and epinephrine by stimulating 

the sympathoadrenal medullary and the hypothalamic-pituitary-adrenal axes.84 This is then 

accompanied by increased cardiac output, raised arterial pressure, peripheral vasodilatation 

and hyperglycemia. In contrast, intravenous administration of U-II produces only a positive 

chronotropic effect.84 

 

Whereas U-II causes Ca2+ influx from intracellular stores in vascular smooth muscle through 

L-type Ca2+ channels via protein kinase C, it causes Ca2+ influx in the spinal cord neuron 

through N-type Ca2+ channels via protein kinase A.18,19,85  

 

Plasma U-II levels in human diseases 

U-II circulates in human plasma and its plasma level is elevated in renal failure6, congestive 

heart failure23,86,87,88,89, diabetes mellitus7, systemic hypertension90 and portal hypertension 

caused by liver cirrhosis91 (Table 2). 

 

Renal dysfunction 

The plasma U-II concentration is 2-fold higher in patients with renal dysfunction not on 

haemodialysis and 3-fold higher in patients on haemodialysis compared to healthy 

individuals.6 Although there is no correlation between blood pressure and urinary U-II level, 
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a higher urinary U-II level was observed in patients with essential hypertension, patients with 

both glomerular disease and hypertension, and patients with renal tubular disorders, but not in 

normotensive patients with glomerular disease.5 Abundant U-II-like immunoactivity is 

observed in the distal convoluted tubules and the epithelial cells of tubules and ducts in the 

normal kidney as well as renal clear-cell carcinoma.73 

 

In Type 2 diabetic patients, plasma and urinary U-II levels are higher in those with renal 

dysfunction than those with normal renal function.92 This may be due to increased production 

of U-II by various organs as well as by renal tubular cells as a result of renal damage.5,6 In 

diabetic nephropathy, there are dramatic increases in the expressions of U-II and UT receptor 

in the tubular epithelial cells.93 

 

Diabetes 

The elevation in plasma U-II level in diabetic patients is independent of the level of blood 

glucose.7 Insulin secretion in the rat pancreas in response to glucose and arginine can be 

inhibited by U-II.94,95 A single nucleotide polymorphism (SNP) at rs228648 (T21M) in the 

UTS2 gene is correlated with genetic susceptibility to type 2 diabetes in Han people.96 It is 

noteworthy that the SNP at rs2890565 (S89N) has been associated with increased insulin 

resistance and susceptibility of developing type 2 diabetes in Japaneses.97,98  

 

Systemic hypertension 

As U-II is a potent vasoconstrictor, its role in hypertension is worthy of investigation. In the 

anaesthetised cat, intravenous administration of hU-II induces a classical systemic 

hypertensive response with increases in mean blood pressure and systemic vascular 

resistance.68 In a small pilot study, 10 normotensive and 10 hypertensive patients have similar 
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cerebrospinal fluid (CSF) and plasma concentrations of U-II, although the average mean 

arterial blood pressure and CSF U-II concentration show a positive correlation in the 

hypertensive patients.99 However, in a study of 62 hypertensive patients and 62 normotensive 

sex-age-matched controls, plasma urotensin II level is raised in hypertensive patients 

compared to normotensive controls and is directly related to the systolic blood pressure.90 

 

Pulmonary hypertension 

Since endothelial dysfunction has a central role in the initiation and progression of pulmonary 

hypertension, the vasoconstricting effect of U-II on pulmonary artery may be unmasked in 

pulmonary hypertension.50,100 In rats with pulmonary hypertension, U-II-like 

immunoreactivity levels in pulmonary artery endothelial and smooth muscles cells are 

raised.101 In chronic hypoxic rats that have pulmonary hypertension and right ventricular 

hypertrophy, there is up-regulation of UT receptor in the right ventricle.102 At present, not 

much is known about the role of U-II in human pulmonary hypertension. Bosentan, an ET-1 

antagonist, has been used for the treatment of human pulmonary hypertension with 

considerate success. It would be of interest to study if modulation of U-II is of benefit in 

patients with pulmonary hypertension. 

 

Atherosclerosis 

There is increased expression of U-II in atherosclerotic carotid arteries and aortae.9 The 

observation of U-II-like immunoreactivity in the lipid-laden smooth muscle and macrophage-

rich regions of in human coronary atherosclerotic plaque suggests a role of U-II in the 

development of atherosclerosis.2 U-II acts synergistically with mildly oxidized low density 

lipoprotein in inducing vascular smooth muscle cell (VSMC) proliferation.103 Serotonin (5-

HT), contained in platelets, also interact synergistically with U-II to induce VSMC 
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proliferation that may contribute to the rapid development of atherosclerosis in hypertensive 

vascular disease.104 Thus, U-II expression in atherosclerotic plaques may stimulate VSMC 

proliferation. Moreover, locally released U-II may cause coronary vasoconstriction and 

induce myocardial ischaemia.105 

 

Ischaemic heart disease 

U-II may play a role in myocardial ischaemia and acute myocardial infarction. In the 

myocardium of chronic hypoxic rats, there is increased UT receptor expression.102 There are 

increased expressions of U-II and its receptor in both infarct and noninfarct zones of rat left 

ventricle after myocardial infarction.15 U-II also induces the expression of procollagens α1(I) 

and α2(III) and fibronectin in neonatal cardiac fibroblasts.15  

 

Hypertrophy can be induced by hU-II in vitro in cultured neonatal rat cardiomyocytes.15,106,107 

hU-II stimulates the expression of atrial natriuretic peptide and brain natriuretic peptide, 

protein synthesis and morphological changes in cardiomyocytes.106,107 The hypertrophy of 

cultured cardiomyocytes is enhanced significantly when UT receptor is over-expressed and 

can be inhibited by the UT receptor antagonist, BIM-23127.15,108,109 The hypertrophy of 

cardiac myocytes is mediated by the mitogen-activated protein kinases, ERK1/2 and p38 in 

an epidermal growth factor receptor-dependent signalling pathway.108 It may also be 

mediated by IL-6, the release of which can be stimulated by U-II.109 

 

Heart failure 

U-II is one of several neurohormonal systems activated in congestive heart failure.23,86,87,88,89 

In the diseased hearts of patients with end-stage heart failure, expressions of U-II and its 

receptor are upregulated in cardiomyocytes, endothelial cells and vascular smooth muscle 
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cells.89 U-II is also expressed in macrophages and myofibroblasts in patients with ischaemic 

heart disease and its expression in subendocardial myocytes suggests a role in myocardial 

contractility.89 An inverse correlation is observed between U-II expression or plasma U-II 

and ejection fraction.88,89 In heart failure, U-II may also be elevated in diastolic myocardial 

dysfunction.110 U-II may increase cardiac contractility62 and the peripheral vascular tone.72 

Although increased contractility might be beneficial in the short term, prolonged activation 

might lead to myocardial remodelling. Indeed, U-II induces cardiac fibroblast proliferation, 

increases collagen type I gene expression and decreases matrix metalloproteinase-1 gene 

expression.15,111,112 It is of interest to note that U-II causes vasodilatation in the skin vessels of 

normal healthy subjects but vasoconstriction in heart failure patients, which may due to the 

unmasking of the vasoconstriction effect of U-II in endothelial dysfunction, common in heart 

failure diseases.72  

 

Mitogenesis 

U-II may also act as a growth stimulating factor in tumors in an autocrine/paracrine 

manner.113,114 U-II is mitogenic and induces arterial smooth muscle cell proliferation via the 

RhoA/Rho-kinase pathway.18 There are expressions of U-II and UT receptor in various 

human tumour cell lines, such as T98G glioblastoma cells, IMR-32 neuroblastoma cells, 

BeWo choriocarcinoma cells, SW-13 adrenocortical carcinoma cells, DLD-1 colorectal 

adenocarcinoma cells and HeLa cervical cancer cells.30 Cultured SW-13 adrenocortical 

carcinoma cells secrete adrenomedullin, ET-1 and U-II, all of which can promote tumour cell 

growth.30 Indeed, U-II stimulates the proliferation of cultured SW-13 cells and VMRC-RCW 

human renal carcinoma cells.113 U-II stimulates DNA synthesis in a dose-dependent manner 

and induces c-myc expression in quiescent renal epithelial (LLCPK1) cells.114 
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Therapeutic potential 

A UT receptor antagonist may have clinical use in the treatment of systemic, pulmonary and 

portal hypertension, and cardiac and renal failure. Palosuran is a non-peptide UT receptor 

antagonist. Intravenous administration of palosuran protects against renal ischaemia in a rat 

model46, perhaps by inhibiting U-II mediated renal vasoconstriction. Clinical studies of 

palosuran are now in progress to examine its effect on diabetic nephropathy. 

 

Conclusions 

U-II is the most potent vasoconstrictor known, causing endothelium-independent 

vasoconstriction and endothelium-dependent vasodilatation. There is increasing evidence that 

U-II is associated with cardiovascular diseases, atherosclerosis, diabetes, renal dysfunction 

and hypertension although the results of some studies are ambiguous. More research is 

needed to elucidate the physiology and pathophysiology of U-II and its receptor. The role of 

URP in the cardiovascular and nervous system and its relationship with U-II is worthy of 

investigation. The development of UT receptor antagonists may provide a useful research 

tool as well as a novel treatment for cardiorenal diseases. 

 

Acknowledgements 

BMY Cheung received a University of Hong Kong Committee on Research and Conference 

Grant for the study of urotensin II. BMY Cheung is a member of the Institute of 

Cardiovascular Science and Medicine and the Heart, Brain, Hormones and Healthy Ageing 

Centre of the University of Hong Kong. 

 18



References 

1. Bern HA, Pearson D, Larson BA, Nishioka RS. Neurohormones from fish tails: the 

caudal neurosecretory system. I. "Urophysiology" and the caudal necrosecretory system 

in fishes. Recent Prog Horm Res 1985; 41:533–552. 

2. Ames RS, Sarau HM, Cambers JK et al. Human urotensin II is a potent vasoconstrictor 

and agonist for the orphan receptor GPR14. Nature 1999; 401:282-86. 

3. Coulouarn Y, Lihrmann I, Jegou S et al. Cloning of the cDNA encoding the urotensin II 

precursor in frog and human reveals intense expression of the urotensin II gene in 

motoneurons of the spinal cord. Proc Natl Acad Sci U S A 1998; 95:15803-8. 

4. Coulouarn Y, Jegou S, Tostivint H, Vaudry H, Lihrmann I. Cloning, sequence analysis 

and tissue distribution of the mouse and rat urotensin II precursors. FEBS Lett 1999; 

457:28-32. 

5. Matsushita M, Shichiri M, Imai T et al. Co-expression of urotensin II and its receptor 

(GPR14) in human cardiovascular and renal tissues. J Hypertens 2001; 19:2185-90.   

6. Totsune K, Takahashi K, Arihara Z et al. Role of urotensin II in patients on dialysis.  

Lancet 2001; 358:810-11. 

7. Totsune K, Takahashi K, Arihara Z, Sone M, Ito S, Murakami O. Increased plasma 

urotensin II levels in patients with diabetes mellitus. Clin Sci 2003; 104:1–5. 

8. Sugo T, Murakami Y, Shimomura Y et al. Identification of urotensin II-related peptide 

as the urotensin II-immunoreactive molecule in the rat brain. Biochem Biophys Res 

Commun 2003; 310:860-8.  

9. Bousette N, Patel L, Douglas SA, Ohlstein EH, Giaid A. Increased expression of 

urotensin II and its cognate receptor GPR14 in atherosclerotic lesions of the human aorta. 

Atherosclerosis 2004; 176:117-23. 

 19



10. Liu Q, Pong SS, Zeng Z et al. Identification of urotensin II as the endogenous ligand for 

the orphan G-protein-coupled receptor GPR14. Biochem Biophys Res Commun 1999; 

266:174-8. 

11. Protopopov A, Kashuba V, Podowski R et al. Assignment of the GPR14 gene coding for 

the G-protein-coupled receptor 14 to human chromosome 17q25.3 by fluorescent in situ 

hybridization. Cytogenet Cell Genet 2000; 88:312-3. 

12. Maguire JJ, Kuc RE, Davenport AP. Orphan-receptor ligand human urotensin II: 

receptor localization in human tissues and comparison of vasoconstrictor responses with 

endothelin-1.  Br J Pharmacol 2000; 131:441-46. 

13. Camarda V, Rizzi A, Calo G et al. Effects of human urotensin II in isolated vessels of 

various species; comparison with other vasoactive agents. Naunyn Schmiedebergs Arch 

Pharmacol 2002; 365:141-9.  

14. Saetrum Opgaard O, Nothacker H, Ehlert FJ, Krause DN. Human urotensin II mediates 

vasoconstriction via an increase in inositol phosphates. Eur J Pharmacol. 2000; 

406:265-71.   

15. Tzanidis A, Hannan RD, Thomas WG et al. Direct actions of urotensin II on the heart: 

implications for cardiac fibrosis and hypertrophy. Circ Res 2003; 93:246-53. 

16. Russell FD. Emerging roles of urotensin-II in cardiovascular disease. Pharmacol Ther 

2004; 103:223-43 

17. Yoshimoto T, Matsushita M, Hirata Y. Role of urotensin II in peripheral tissue as an 

autocrine/paracrine growth factor. Peptides 2004; 25:1775-81.   

18. Sauzeau V, Le Mellionnec E, Bertoglio J, Scalbert E, Pacaud P, Loirand G. Human 

urotensin II-induced contraction and arterial smooth muscle cell proliferation are 

mediated by RhoA and Rho-kinase. Circ Res 2001; 88:1102-4.   

 20



19. Rossowski WJ, Cheng BL, Taylor JE, Datta R, Coy DH. Human urotensin II-induced 

aorta ring contractions are mediated by protein kinase C, tyrosine kinases and Rho-

kinase: inhibition by somatostatin receptor antagonists. Eur J Pharmacol 2002; 438:159-

70. 

20. Russell FD, Molenaar P. Investigation of signaling pathways that mediate the inotropic 

effect of urotensin-II in human heart. Cardiovasc Res 2004; 63:673-81. 

21. Tasaki K, Hori M, Ozaki H, Karaki H, Wakabayashi I. Mechanism of human urotensin 

II-induced contraction in rat aorta. J Pharmacol Sci 2004; 94:376-83. 

22. Tamura K, Okazaki M, Tamura M, Isozumi K, Tasaki H, Nakashima Y. Urotensin II-

induced activation of extracellular signal-regulated kinase in cultured vascular smooth 

muscle cells: involvement of cell adhesion-mediated integrin signaling. Life Sci 2003; 

72:1049-60.   

23. Russell FD, Meyers D, Galbraith AJ et al. Elevated plasma levels of human urotensin-II 

immunoreactivity in congestive heart failure. Am J Physiol Heart Circ Physiol 2003; 

285:H1576-81.  

24. Russell FD, Kearns P, Toth I, Molenaar P. Urotensin-II-converting enzyme activity of 

furin and trypsin in human cells in vitro. J Pharmacol Exp Ther 2004; 310:209-14.  

25. Nakayama K. Furin: a mammalian subtilisin/Kex2p-like endoprotease involved in 

processing of a wide variety of precursor proteins. Biochem J 1997; 327:625-35.  

26. Mori M., Fujino M. Urotensin II-related peptide, the endogenous ligand for the urotensin 

II receptor in the rat brain. Peptides 2004; 25:1815-1818. 

27. Aiyar N, Guida B, Ao Z et al. Differential levels of "urotensin-II-like" activity 

determined by radio-receptor and radioimmuno-assays. Peptides 2004; 25:1339-47. 

28. Chatenet D, Dubessy C, Leprince J et al. Structure-activity relationships and structural 

conformation of a novel urotensin II-related peptide. Peptides 2004; 25:1819-30.   

 21



29. Chartrel N, Leprince J, Dujardin C et al. Biochemical characterization and 

immunohistochemical localization of urotensin II in the human brainstem and spinal 

cord. J Neurochem 2004; 91:110-8. 

30. Takahashi K, Totsune K, Murakami O, Shibahara S. Expression of urotensin II and 

urotensin II receptor mRNAs in various human tumor cell lines and secretion of 

urotensin II-like immunoreactivity by SW-13 adrenocortical carcinoma cells. Peptides 

2001; 22:1175-9.   

31. Flohr S, Kurz M, Kostenis E, Brkovich A, Fournier A, Klabunde T. Identification of 

nonpeptidic urotensin II receptor antagonists by virtual screening based on a 

pharmacophore model derived from structure-activity relationships and nuclear 

magnetic resonance studies on urotensin II. J Med Chem 2002; 45:1799-805. 

32. Kinney WA, Almond Jr HR, Qi J et al. Structure-function analysis of urotensin II and its 

use in the construction of a ligand-receptor working model. Angew Chem Int Ed Engl 

2002; 41:2940-4.  

33. Brkovic A, Hattenberger A, Kostenis E et al. Functional and binding characterizations of 

urotensin II-related peptides in human and rat urotensin II-receptor assay. J Pharmacol 

Exp Ther 2003; 306:1200-9.  

34. Boucard AA, Sauve SS, Guillemette G, Escher E, Leduc R. Photolabelling the rat 

urotensin II/GPR14 receptor identifies a ligand-binding site in the fourth transmembrane 

domain. Biochem J 2003; 370:829-38. 

35. Grieco P, Carotenuto A, Patacchini R, Maggi CA, Novellino E, Rovero P. Design, 

synthesis, conformational analysis, and biological studies of urotensin-II lactam 

analogues. Bioorg Med Chem 2002; 10:3731-9. 

36. Grieco P, Carotenuto A, Campiglia P et al. A new, potent urotensin II receptor peptide 

agonist containing a Pen residue at the disulfide bridge. J Med Chem 2002; 45:4391-4. 

 22



37. Camarda V, Guerrini R, Kostenis E et al. A new ligand for the urotensin II receptor. Br J 

Pharmacol 2002; 137:311-4. 

38. Patacchini R, Santicioli P, Giuliani S et al. Urantide: an ultrapotent urotensin II 

antagonist peptide in the rat aorta. Br J Pharmacol 2003; 140:1155-8. 

39. Camarda V, Song W, Marzola E et al. Urantide mimics urotensin-II induced calcium 

release in cells expressing recombinant UT receptors. Eur J Pharmacol 2004; 498:83-6. 

40. Coy DH, Rossowski WJ, Cheng BL, Hocart SJ, Taylor JE. Novel urotensin-II (UII) 

antagonists point to multiple receptor involvement in UII bioactivity. Reg Pep 2000; 

94:48 

41. Behm DJ, Herold CL, Ohlstein EH, Knight SD, Dhanak D, Douglas SA. 

Pharmacological characterization of SB-710411 (Cpa-c[D-Cys-Pal-D-Trp-Lys-Val-

Cys]-Cpa-amide), a novel peptidic urotensin-II receptor antagonist. Br J Pharmacol 

2002; 137:449-58. 

42. Herold CL, Behm DJ, Aiyar NV et al. The somatostatin derivative, Cpa-c-[D-Cys-Pal-

D-Trp-Lys-Val-Cys]-Cpa-amide, is an agonist at the human UT receptor but not the rat 

UT receptor in transfected HEK293 cells. Pharmacologist 2001; 43:189. 

43. Behm DJ, Herold CL, Camarda V, Aiyar NV, Douglas SA. Differential agonistic and 

antagonistic effects of the urotensin-II ligand SB-710411 at rodent and primate UT 

receptors. Eur J Pharmacol 2004; 492:113-6. 

44. Herold CL, Behm DJ, Buckley PT et al. The neuromedin B receptor antagonist, BIM-

23127, is a potent antagonist at human and rat urotensin-II receptors. Br J Pharmacol 

2003; 139:203-7. 

45. Croston GE, Olsson R, Currier EA et al. Discovery of the first nonpeptide agonist of the 

GPR14/urotensin-II receptor: 3-(4-chlorophenyl)-3-(2-

(dimethylamino)ethyl)isochroman-1-one (AC-7954). J Med Chem 2002; 45:4950-3. 

 23



46. Clozel M, Binkert C, Birker-Robaczewska M et al. Pharmacology of the Urotensin-II 

Receptor Antagonist Palosuran (ACT-058362; 1-[2-(4-Benzyl-4-hydroxy-piperidin-1-

yl)-ethyl]-3-(2-methyl-quinolin-4-yl)-urea Sulfate Salt): First Demonstration of a 

Pathophysiological Role of the Urotensin System. J Pharmacol Exp Ther 2004; 

311:204-12.  

47. Gibson A. Complex effects of Gillichthys urotensin II on rat aortic strips. Br J 

Pharmacol 1987; 91:205-12. 

48. Itoh H, Itoh Y, Rivier J, Lederis K. Contraction of major artery segments of rat by fish 

neuropeptide urotensin II. Am J Physiol 1987; 252:R361-6.   

49. Behm DJ, Harrison SM, Ao Z et al. Deletion of the UT receptor gene results in the 

selective loss of urotensin-II contractile activity in aortae isolated from UT receptor 

knockout mice. Br J Pharmacol 2003; 139:464-72. 

50. MacLean MR, Alexander D, Stirrat A et al. Contractile responses to human urotensin-II 

in rat and human pulmonary arteries: effect of endothelial factors and chronic hypoxia in 

the rat. Br J Pharmacol 2000; 130:201-4. 

51. Bennett RT, Jones RD, Morice AH, Smith CF, Cowen ME. Vasoconstrictive effects of 

endothelin-1, endothelin-3, and urotensin II in isolated perfused human lungs and 

isolated human pulmonary arteries. Thorax 2004; 59:401-7. 

52. Douglas SA, Ashton DJ, Sauermelch CF, Coatney RW, Ohlstein DH, Ruffolo MR, 

Ohlstein EH, Aiyar NV, Willette RN. Human urotensin-II is a potent vasoactive peptide: 

pharmacological characterization in the rat, mouse, dog and primate. J Cardiovasc 

Pharmacol 2000a; 36(Suppl 1):S163-6.   

53. Douglas SA, Sulpizio AC, Piercy V et al. Differential vasoconstrictor activity of human 

urotensin-II in vascular tissue isolated from the rat, mouse, dog, pig, marmoset and 

cynomolgus monkey. Br J Pharmacol 2000b; 131:1262-74. 

 24



54. Hillier C, Berry C, Petrie MC et al. Effects of urotensin II in human arteries and veins of 

varying caliber. Circulation 2001; 103:1378-81. 

55. Stirrat A, Gallagher M, Douglas SA et al. Potent vasodilator responses to human 

urotensin-II in human pulmonary and abdominal resistance arteries. Am J Physiol Heart 

Circ Physiol 2001; 280:H925-8. 

56. Itoh H, McMaster D, Lederis K. Functional receptors for fish neuropeptide urotensin II 

in major rat arteries. Eur J Pharmacol 1988; 149:61-6.   

57. Bottrill FE, Douglas SA, Hiley CR, White R. Human urotensin-II is an endothelium-

dependent vasodilator in rat small arteries. Br J Pharmacol 2000; 130:1865-70. 

58. Katano Y, Ishihata A, Aita T, Ogaki T, Horie T. Vasodilator effect of urotensin II, one 

of the most potent vasoconstricting factors, on rat coronary arteries. Eur J Pharmacol 

2000; 402:R5-7. 

59. Zhang AY, Chen YF, Zhang DX et al. Urotensin II is a nitric oxide-dependent 

vasodilator and natriuretic peptide in the rat kidney.  Am J Physiol Renal Physiol 2003; 

285:F792-8. 

60. Kelly RA, Balligand JL, Smith TW. Nitric oxide and cardiac function. Circ Res 1996; 

79:363-80.  

61. Li L, Yuan WJ, Su DF. Effects of rat urotensin II on coronary flow and myocardial 

eNOS protein expression in isolated rat heart. Acta Pharmacol Sin 2004; 25:1444-9.   

62. Russell FD, Molenaar P, O'Brien DM. Cardiostimulant effects of urotensin-II in human 

heart in vitro. Br J Pharmacol 2001; 132:5-9.   

63. Gendron G, Simard B, Gobeil F Jr, Sirois P, D'Orleans-Juste P, Regoli D. Human 

urotensin-II enhances plasma extravasation in specific vascular districts in Wistar rats. 

Can J Physiol Pharmacol 2004; 82:16-21. 

 25



64. Gardiner SM, March JE, Kemp PA, Bennett T. Bolus injection of human UII in 

conscious rats evokes a biphasic haemodynamic response. Br J Pharmacol 2004; 

143:422-30.  

65. Gardiner SM, March JE, Kemp PA, Davenport AP, Bennett T. Depressor and 

regionally-selective vasodilator effects of human and rat urotensin II in conscious rats. 

Br J Pharmacol 2001; 132:1625-9. 

66. Zhu YZ, Wang ZJ, Zhu YC et al. Urotensin II causes fatal circulatory collapse in 

anesthesized monkeys in vivo: a "vasoconstrictor" with a unique hemodynamic profile. 

Am J Physiol Heart Circ Physiol 2004; 286:H830-6. 

67. Hassan GS, Chouiali F, Saito T et al. Effect of human urotensin-II infusion on 

hemodynamics and cardiac function. Can J Physiol Pharmacol 2003; 81:125-8. 

68. Behm DJ, Doe CP, Johns DG et al. Urotensin-II: a novel systemic hypertensive factor in 

the cat. Naunyn Schmiedebergs Arch Pharmacol 2004; 369:274-80. 

69. Bohm F, Pernow J. Urotensin II evokes potent vasoconstriction in humans in vivo. Br J 

Pharmacol 2002; 135: 25-7. 

70. Wilkinson IB, Affolter JT, de Haas SL et al. High plasma concentrations of human 

urotensin II do not alter local or systemic hemodynamics in man.  Cardiovasc Res 2002; 

53:341-7. 

71. Affolter JT, Newby DE, Wilkinson IB, Winter MJ, Balment RJ, Webb DJ. No effect on 

central or peripheral blood pressure of systemic urotensin II infusion in humans. Br J 

Clin Pharmacol 2002; 54:617-21. 

72. Lim M, Honisett S, Sparkes CD, Komesaroff P, Kompa A, Krum H. Differential effect 

of urotensin II on vascular tone in normal subjects and patients with chronic heart failure. 

Circulation 2004; 109:1212-4. 

 26



73. Shenouda A, Douglas SA, Ohlstein EH, Giaid A. Localization of urotensin-II 

immunoreactivity in normal human kidneys and renal carcinoma. J Histochem 

Cytochem 2002; 50:885-9. 

74. Pelletier G, Lihrmann I, Vaudry H. Role of androgens in the regulation of urotensin II 

precursor mRNA expression in the rat brainstem and spinal cord. Neuroscience 

2002;115:525-32. 

75. Nordeen EJ, Nordeen KW, Sengelaub DR, Arnold AP. Androgens prevent normally 

occurring cell death in a sexually dimorphic spinal nucleus. Science 1985; 229:671-3.  

76. Kurz EM, Sengelaub DR, Arnold AP. Androgens regulate the dendritic length of 

mammalian motoneurons in adulthood. Science 1986; 232:395-8.   

77. Yu WH. Administration of testosterone attenuates neuronal loss following axotomy in 

the brain-stem motor nuclei of female rats. J Neurosci 1989; 9:3908-14.   

78. Gibson SJ, Polak JM, Bloom SR et al. Calcitonin gene-related peptide immunoreactivity 

in the spinal cord of man and of eight other species. J Neurosci 1984; 4:3101-11. 

79. Brailoiu E, Brailoiu GC, Miyamoto MD, Dun NJ. The vasoactive peptide urotensin II 

stimulates spontaneous release from frog motor nerve terminals. Br J Pharmacol 2003; 

138:1580-8. 

80. Gartlon JE, Ashmeade T, Duxon M, Hagan JJ, Jones DN. Urotensin-II, a neuropeptide 

ligand for GPR14, induces c-fos in the rat brain. Eur J Pharmacol 2004; 493:95-8.   

81. Gartlon J, Parker F, Harrison DC et al. Central effects of urotensin-II following ICV 

administration in rats. Psychopharmacology (Berl) 2001; 155:426-33.   

82. Lin Y, Tsuchihashi T, Matsumura K, Abe I, Iida M. Central cardiovascular action of 

urotensin II in conscious rats. J Hypertens 2003; 21:159-65.  

83. Lu Y, Zou CJ, Huang DW, Tang CS. Cardiovascular effects of urotensin II in different 

brain areas. Peptides 2002; 23:1631-5. 

 27



84. Watson AM, Lambert GW, Smith KJ, May CN. Urotensin II acts centrally to increase 

epinephrine and ACTH release and cause potent inotropic and chronotropic actions. 

Hypertension 2003; 42:373-9. 

85. Filipeanu CM, Brailoiu E, Le Dun S, Dun NJ. Urotensin-II regulates intracellular 

calcium in dissociated rat spinal cord neurons. J Neurochem 2002; 83:879-84. 

86. Ng LL, Loke I, O'Brien RJ, Squire IB, Davies JE. Plasma urotensin in human systolic 

heart failure. Circulation 2002; 106: 2877-80. 

87. Richards AM, Nicholls MG, Lainchbury JG, Fisher S, Yandle TG. Plasma urotensin II 

in heart failure.  Lancet 2002; 360: 545-46.  

88. Lapp H, Boerrigter G, Costello-Boerrigter LC et al. Elevated plasma human urotensin-

II-like immunoreactivity in ischemic cardiomyopathy. Int J Cardiol 2004; 94: 93-7. 

89. Douglas SA, Tayara L, Ohlstein EH, Halawa N, Giaid A. Congestive heart failure and 

expression of myocardial urotensin II. Lancet 2002; 359:1990-7. 

90. Cheung BM, Leung R, Man YB, Wong LY. Plasma concentration of urotensin II is 

raised in hypertension. J Hypertens 2004; 22:1341-1344. 

91. Heller J, Schepke M, Neef M, Woitas R, Rabe C, Sauerbruch T. Increased urotensin II 

plasma levels in patients with cirrhosis and portal hypertension. J Hepatol 2002; 37:767-

72.  

92. Totsune K, Takahashi K, Arihara Z et al. Elevated plasma levels of immunoreactive 

urotensin II and its increased urinary excretion in patients with Type 2 diabetes mellitus: 

association with progress of diabetic nephropathy. Peptides 2004; 25:1809-14. 

93. Langham RG, Kelly DJ, Gow RM et al. Increased expression of urotensin II and 

urotensin II receptor in human diabetic nephropathy. Am J Kidney Dis 2004; 44:826-31. 

94. Silvestre RA, Rodriguez-Gallardo J, Egido EM, Marco J. Inhibition of insulin release by 

urotensin II--a study on the perfused rat pancreas. Horm Metab Res 2001; 33:379-81 

 28



95. Silvestre RA, Egido EM, Hernandez R et al. Urotensin-II is present in pancreatic 

extracts and inhibits insulin release in the perfused rat pancreas. Eur J Endocrinol 2004; 

151:803-9. 

96. Zhu F, Ji L, Luo B. The role of urotensin II gene in the genetic susceptibility to type 2 

diabetes in Chinese population. Zhonghua Yi Xue Za Zhi 2002; 82:1473-5.  

97. Wenyi Z, Suzuki S, Hirai M et al. Role of urotensin II gene in genetic susceptibility to 

type 2 diabetes mellitus in Japanese subjects. Diabetologia 2003; 46:972-976 

98. Suzuki S, Wenyi Z, Hirai M et al. Genetic variations at urotensin II and urotensin II 

receptor genes and risk of type 2 diabetes mellitus in Japanese. Peptides 2004; 25:1803-

8.   

99. Thompson JP, Watt P, Sanghavi S, Strupish JW, Lambert DG. A comparison of 

cerebrospinal fluid and plasma urotensin II concentrations in normotensive and 

hypertensive patients undergoing urological surgery during spinal anesthesia: a pilot 

study. Anesth Analg 2003; 97:1501-3. 

100. Budhiraja R, Tuder RM, Hassoun PM. Endothelial dysfunction in pulmonary 

hypertension. Circulation 2004; 109:159-65. 

101. Qi J, Du J, Tang X, Li J, Wei B, Tang C. The upregulation of endothelial nitric oxide 

synthase and urotensin-II is associated with pulmonary hypertension and vascular 

diseases in rats produced by aortocaval shunting. Heart Vessels 2004; 19:81-8. 

102. Zhang Y, Li J, Cao J et al. Effect of chronic hypoxia on contents of urotensin II and its 

functional receptors in rat myocardium. Heart Vessels 2002; 16:64-8.   

103. Watanabe T, Pakala R, Katagiri T, Benedict CR. Synergistic effect of urotensin II with 

mildly oxidized LDL on DNA synthesis in vascular smooth muscle cells. Circulation 

2001; 104:16-8. 

 29



104. Watanabe T, Pakala R, Katagiri T, Benedict CR. Synergistic effect of urotensin II with 

serotonin on vascular smooth muscle cell proliferation. J Hypertens 2001; 19:2191-6. 

105. Maguire JJ, Kuc RE, Wiley KE, Kleinz MJ, Davenport AP. Cellular distribution of 

immunoreactive urotensin-II in human tissues with evidence of increased expression in 

atherosclerosis and a greater constrictor response of small compared to large coronary 

arteries. Peptides 2004; 25:1767-74.   

106. Zou Y, Nagai R, Yamazaki T. Urotensin II induces hypertrophic responses in cultured 

cardiomyocytes from neonatal rats. FEBS Lett 2001; 508:57-60. 

107. Zuo HH, Jie-Min H, Guo HS et al. Urotensin II induces hypertrophy of in vitro cultured 

neonatal rat cardiac myocytes. Di Yi Jun Yi Da Xue Xue Bao 2004; 24:642-645. 

108. Onan D, Pipolo L, Yang E, Hannan RD, Thomas WG. Urotensin-II Promotes 

Hypertrophy of Cardiac Myocytes via Mitogen-Activated Protein Kinases. Mol 

Endocrinol 2004; 18:2344-54.  

109. Johns DG, Ao Z, Naselsky D et al. Urotensin-II-mediated cardiomyocyte hypertrophy: 

effect of receptor antagonism and role of inflammatory mediators. Naunyn 

Schmiedebergs Arch Pharmacol 2004; 370:238-50. 

110. Heringlake M, Kox T, Uzun O et al. The relationship between urotensin II plasma 

immunoreactivity and left ventricular filling pressures in coronary artery disease. Regul 

Pept 2004; 121:129-36. 

111. He YH, Hong JM, Guo HS et al. Effects of urotensin II on cultured cardiac fibroblast 

proliferation and collagen type I mRNA expression. Di Yi Jun Yi Da Xue Xue Bao 2004; 

24: 505-8. 

112. Wang H, Mehta JL, Chen K, Zhang X, Li D. Human urotensin II modulates collagen 

synthesis and the expression of MMP-1 in human endothelial cells. J Cardiovasc 

Pharmacol 2004; 44:577-81.   

 30



113. Takahashi K, Totsune K, Murakami O et al. Expression of urotensin II and its receptor 

in adrenal tumors and stimulation of proliferation of cultured tumor cells by urotensin II. 

Peptides 2003; 24:301-6.  

114. Matsushita M, Shichiri M, Fukai N et al. Urotensin II is an autocrine/paracrine growth 

factor for the porcine renal epithelial cell line, LLCPK1. Endocrinology 2003; 

144:1825-31. 

 

 31



 Table 1. Amino acid sequences of somatostatin, U-II in different species and URP.  

The conserved amino acid residues are underlined.  The two cysteine residues in U-II and 

URP are linked by a disulphide bond to form a ring structure. U-II: urotensin II; URP: 

urotensin-related peptide 

 

Table 2. Plasma U-II levels in different diseases in man.  

Plasma U-II levels are expressed as mean ± SD or median (ranges). Plasma U-II levels 

originally expressed in pg/ml are converted to pmol/l. 

 

Figure 1. Post-translational processing of the human U-II gene product.  

Alternative splicing of exon 2 produces a 7-amino acid fragment as isoform a and a 34-amino 

acid fragment as isoform b. SP: signal peptide. 

 

Figure 2. The signal transduction pathways involved in vasoconstriction, vasodilatation, 

cell proliferation and hypertrophy caused by urotensin II (U-II).  

In vascular smooth muscle cell (VMSC), U-II binds to a G-protein-coupled UT receptor, 

leading to hydrolysis of phosphatidylinositol 3,4,5-trisphosphate (PIP2) to inositol 3,4,5-

trisphosphate (IP3) and diacylglycerol (DAG) by phospholipase C (PLC). IP3 increases 

the release of Ca2+ from the sarcoplasmic reticulum or endoplasmic reticulum. U-II also 

mediates Ca2+ influx through activation of a voltage-gated Ca2+ channel and a La3+-

sensitive non-selective cation channel. DAG stimulates protein kinase C (PKC) which 

phosphorylates CPI-17 (protein kinase C-potentiated inhibitor protein of 17kDa), 

leading to inhibition of myosin light chain phosphatase (MLCP) which catalyses the 

dephosphorylation of phosphorylated regulatory myosin light chain (MLC-2). Rho 

kinase also inhibits MLCP by phosphorylation. Stimulation of myosin light chain (MLC) 

 32



kinase by Ca2+-calmodulin complex and inhibition of MLCP leads to increase in 

phosphorylated MLC-2. The increases in phosphorylated MLC-2, intracellular Ca2+ 

and phosphorylation of the actin-binding protein, caldesmon, by extracellular signal-

regulated kinase (ERK) or p38 mitogen-activated protein kinase (p38MAPK) lead to 

contraction of VMSC. In endothelial cells, U-II stimulates the production of 

prostacyclin and nitric oxide (NO) which then diffuses into VMSC, leading to increase 

in cGMP and relaxation of VMSC. U-II also mediates cell proliferation and 

hypertrophy through activation of PKC and ERK 1/2 as well as RhoA and its 

downstream kinase system possibly via guanine nucleotide exchange factor (GEF). 
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Peptides Amino acid sequence 
Human somatostatin-14 AGCKNFFWKTFTSC 
  
Human/monkey U-II ETPDCFWKYCV 
Mouse U-II   QHGAAPECFWKYCI 
Rat U-II QHGTAPECFWKYCI 
Goby U-II AGTADCFWKYCV 
Dogfish NNFSDCFWKYCV 
Frog U-II AGNLSECFWKYCV 
Porcine U-II(A) GPTSECFWKYCV 
Porcine U-II(A) GPPSECFWKYCV 
  
Human/rat/mouse URP ACFWKYCV 
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Disease Number of 
subjects 

(control:patient) 

Control 
(pmol/l) 

Patient 
(pmol/l) 

p-value Reference 

Heart failure  
 
 

88:74 1.9 ± 0.9 3.9 ± 1.4 <0.0001 87 

Heart failure 
 

220:126 6.6 (3.1-42.6) 22.1 (3.1-
49.2) 

0.001 86 
 

Congestive heart 
failure 
 

18:21 16.3 ± 4.4 166.2 ± 49.5 <0.001 23 

Renal dysfunction 24:12 4.4 ± 1.0 13.1 ± 3.1 <0.0001 6 
Diabetes mellitus: 
With proteinuria 
Without proteinuria 
 

 
22:6 

22:10 

 
4.4 ± 2.0 
4.4 ± 2.0 

 
7.3 ± 0.9 
7.8 ± 0.6 

 
0.0018 

<0.0001 

 
7 

Cirrhosis and 
portal hypertension 

15:50 2592 (72-
8640) 

8856 (1,152-
29,808) 

<0.001 91 
 

Essential 
hypertension 

62:62 8.8 ± 0.9 13.6 ± 1.4 0.005 90 
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42 aa 34 aa* 37 aa 15 aa 38 aa 
Exon  

1 
Exon  

2 
Exon  

3 
Exon

 4 
Exon 

 5 
UTS2 gene 
 1p36 

Prepro-U-II isoform a 

 

 
  

(139 aa) 

Prepro-U-II isoform b 
(124 aa) 

R84R85 R100R101 R126R127R128
L42E43 

H2N 

COOH H2N 

COOH 

Urotensin converting 
Enzyme (UCE) 

SP  

 SP 

 

 

 

 

 UII 

 UII 

R27E28 R69R70 R85R86 R111R112R113

Mature U-II (11 aa) H2N-Glu-Thr-Pro-Asp-Cys-Phe-Trp-Lys-Tyr-Cys-Val-COOH 

S           S 
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Endothelial cell L-arginine + O2 
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MLC kinase 
 

Vascular smooth 
muscle cell 

PLC 

DAG  +  IP3

PIP2 

[Ca2+]↑ 

Ca2

Contraction 

PKC 

CPI-17 CPI-17 

MLCP (active) (inactive) MLCP 

Rho kinase 

MLC-2 MLC-2 caldesmon P

ERK 1/2 and p38MAPK 

ERK1/2 

Proliferation/hypertrophy 

RhoA 

Rho kinase 

Transcription/ 
translation 

U-II 

UT receptor 

NO synthase UT receptor 
L-citrulline + NO 

PGI2

NO 

Guanylate cyclase 

GTP cGMP 

Relaxation 

P

P

Gαq/11 

P

? GEF 

Ca2+-calmodulin 

caldesmon 

 


