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What is the role of Urotensin II in cardiovascular disease?
Urotensin II (UII) is a somatostatin-like endogenous peptide first described in the goby fish in
1969. In the goby fish it is involved in osmoregulation but little was known about its effects in
humans until the last decade. UII is the most potent vasoconstrictor substance known and
has some intriguing pharmacological properties, being both a potent (low efficacy)
constrictor in some vessels and acting to produce vasodilatation in others. In anaesthetized
non-human primates (cynomolgus monkeys) intravenous UII increased total peripheral
resistance with associated regional wall motion abnormalities causing profound
cardiovascular collapse.1
UII binds to a Gq protein-coupled Urotensin II receptor, UT (originally identified as the
orphan receptor GPR14). Binding of UII to UT is irreversible and of low efficacy. UT is found
in cardiac myocytes, vascular smooth muscle cells, endothelial cells, the kidneys, spinal cord
and CNS.2-4 There are species-specific differences but exogenous UII has positive inotropic
effects in vitro. In general, activation of UT on human vascular smooth muscle causes direct
vasoconstriction whereas activation of endothelial UT produces vasodilation via nitric oxide
and other mediators. Conversely basal cardiovascular dynamics and response to
vasopressors are unaffected in UII knockout mice. The administration of UII to healthy
volunteers has few cardiovascular effects. In contrast, iontophoresed UII causes
vasoconstriction (assessed by laser Doppler velocimetry) in patients with heart failure or
hypertension. Together, these data suggest that the Urotensin system is largely inactive or
desensitised in health. However there is increasing evidence that the Urotensin system is
involved in a number of disease states, particularly in cardiovascular disease.
Plasma UII concentrations are increased in heart failure, hypertension, diabetes and renal
failure, and recent evidence suggests upregulation of UT in heart failure, with direct UII
production from the heart.2-6 Because the interaction between peptide and receptor is not
straightforward, and there are variations between assays, plasma concentrations do not
directly reflect tissue concentrations or activity. However, the current consensus opinion is
that elevated UII is a potentially useful serum biomarker of congestive heart failure. Unlike N-

BNP, UII appears to be elevated in systolic dysfunction irrespective of severity. In addition
plasma UII is not affected by age or gender.
The UII system is also involved in vascular and cardiac fibrosis, coronary atherosclerosis
and cardiac remodelling, diabetes and the metabolic syndrome. It upregulates cellular
adhesion
molecules (ICAM-1, VCAM-1) and tissue factor to promote endothelial damage, thrombosis,
vascular smooth muscle proliferation and coronary atherosclerosis.7 8 UT is found in
atherosclerotic lesions of the carotid and abdominal aorta, mostly localised within the
hyperplasic intima. UII also induces the formation of foam cells and increases vascular wall
permeability, thereby increasing lipid accumulation and the development of atherosclerosis.4
Urotensin and heart failure
The relevance of anaesthesia-based research into urotensin may not be intuitive, but as
anaesthetists we commonly administer drugs with potent cardiovascular effects; furthermore
many of our patients are elderly with co-existing cardiovascular disease or acutely altered
cardiovascular physiology. Research in themes outside the immediate vicinity of the
anaesthetic room is also an integral part of the NIAA’s strategy for academic anaesthesia.
Following early pharmacological studies in conjunction with colleagues at the University of
Ferrara, Italy,9 our research group first established that UII was present in CSF, and that
concentrations were related to arterial pressure in hypertensive patients.10 11 We established
that UII seemed unaffected by general anaesthesia, surgery or sepsis but that
concentrations were increased in cigarette smokers.12 13 More recently we investigated UII
and UT in human heart tissues and found an inverse relationship between right atrial tissue
and ventricular ejection fraction.14 The underlying aim of our work has been to try to
establish the role of UII and UT in heart failure. The incidence of heart failure is increasing: it
is the leading cause of hospital admission in western world, the most costly cardiovascular
disorder and it affects over 10 million patients in the USA and Europe.
Other human tissue studies have shown that myocardial UT expression is upregulated in
heart failure both on myocardial and non-myocardial cells. Exogenous UII seems to have
opposite effects in failing and normal hearts. A recent study found UII caused dosedependent increases in contractility in non-failing heart, but dose-dependent decreases in
developed force, rates of force generation and relaxation in failing hearts.6 In the same
study, administration of a UT antagonist increased contractility in the failing hearts. These
data suggest that ventricular UT is upregulated in heart failure and under these conditions,
endogenous UII inhibits contractility. UT antagonists may therefore be a new therapeutic
option for heart failure.
Urotensin anatagonists- a new therapeutic option?
Animal studies have shown that the UII antagonist SB-611812 decreased intimal fibrosis and
cardiac remodelling in experimental heart failure, though no human data are available.
Palurosan is a non-peptide UT antagonist which has undergone clinical trials in humans with
hypertension and diabetic nephropathy.5 Results in these conditions were equivocal: the
published studies were small (n<20), the dose almost certainly inadequate and data may
have been confounded by the co-administration of angiotensin receptor blockers and ACE

inhibitors. More recently, doubts have been expressed about the selectivity for and efficacy
of palurosan at the UT receptor and further clinical studies of palurosan are thought to be
unlikely. However, other UT antagonists are in development. Further research is needed to
determine whether these new UT antagonists can reverse upregulation of UII-UT activity.
Such drugs might then be used as novel antihypertensive agents or vasodilators in for
patients with heart failure.
Summary
In the Macintosh lecture I will discuss the pharmacology of UII and UT with special
consideration given to the available data relating to UT in normal physiology and disease. I
will describe recent and potential work on UII and UT in heart failure and sepsis and
speculate on possible future directions with respect to the therapeutic use of UT antagonists.

References
1. Ames RS, Sarau HM, Chambers JK et al. Human urotensin II is potent vasoconstrictor and
agonist for the orphan receptor GPR14.Nature 1999;401:282–286
2. Desai N, Sajjad J, Frishman WH. Urotensin II: a new pharmacologic target in the treatment of
cardiovascular disease. Cardiol Rev. 2008 May-Jun;16(3):142-53.
3. McDonald J, Batuwangala M, Lambert DG. Role of urotensin II and its receptor in health and
disease. J Anesth. 2007;21(3):378-89. Epub 2007 Aug 1.
4. Bousette N, Giaid A. Urotensin-II and cardiovascular diseases. Curr Hypertens Rep. 2006
Dec;8(6):479-83.
5. Tsoukas P, Kane E, Giaid A. Potential clinical implications of the urotensin II receptor
antagonists Frontiers in pharmacology 2011; 2, 38: 1-11
6. Quaile MP, Kubo H, Kimbrough CL,Douglas SA, Margulies KB Direct Inotropic Effects of
Exogenous and Endogenous Urotensin-II: Divergent Actions in Failing and Non-failing Human
Myocardium. Circ Heart Fail. 2009; 2: 39–46
7. Cirillo P, De Rosa S, Pacileo M et al. Human urotensin II induces tissue factor and cellular
adhesion molecules expression in human coronary endothelial cells: an emerging role for
urotensin II in cardiovascular disease. J Thromb Haemost. 2008; 6: 726-36
8. Papadopoulos P, Bousette N, Giaid A. Urotensin-II and cardiovascular remodeling. Peptides.
2008;29: 764-9
9. Camarda V, Spagnol M, Song W, Vergura R, Roth AL, Thompson JP et al. In vitro and in vivo
pharmacological
characterization
of
the
novel
UT
receptor
ligand
[Pen5,DTrp7,Dab8]urotensin II(4-11) (UFP-803). Br J Pharmacol. 2006; 147: 92-100
10. Cowley E, Thompson JP, Sharpe P, Waugh J, Ali N, Lambert DG. Effects of pre-eclampsia on
maternal plasma, cerebrospinal fluid, and umbilical cord urotensin II concentrations: a pilot
study. Br J Anaesth. 2005 Oct;95(4):495-9
11. 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 Nov;97(5):1501-3
12. Williams JP, Thompson JP, Young SP, Gold SJ, McDonald J, Rowbotham DJ, Lambert DG.
Nociceptin and urotensin-II concentrations in critically ill patients with sepsis. Br J Anaesth.
2008; 100(6):810-4

13. Gold SJ, Thompson JP, Williams JP, Helm EE, Sadler J, Song W, Ng LL, Lambert DG. Does
cigarette smoking increase plasma urotensin II concentrations? Eur J Clin Pharmacol. 2007
Mar;63(3):253-7
14. Leonard AD, Thompson JP, Hutchinson EL, Young SP, McDonald J, Swanevelder J, Lambert
DG. Urotensin II receptor expression in human right atrium and aorta:
effects of ischaemic heart disease. Br J Anaesth. 2009 Apr;102(4):477-84.

