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Corticotropin-releasing factor (CRF) and the three homolog neuropeptides, urocortin (UCN) 1, 2 and 3,

are the major neuroendocrine factors implicated in the response of the body to stress. Recent evidence

suggests that UCNs have a significant role in the pathogenesis and management of cardiovascular

disease, such as congestive heart failure, ischemic heart disease, and hypertension. These data led to the

initiation of clinical trials testing a possible role of UCNs in the diagnosis and therapy of cardiovascular

disease, with encouraging results. Here, we summarize the available literature concerning the role of

UCNs in the cardiovascular system, focusing on the emerging data creating a potential for clinical

applications.
Introduction
Cardiovascular disease is a major problem of the modern world.

According to reports from the WHO, more people die annually

from cardiovascular diseases than from any other cause, with

ischemic heart disease being the first cause of death worldwide.

Trying to unravel the underlying pathophysiological mechanisms

could lead to the development of new therapy concepts.

The involvement of the neuroendocrine system in cardiovascu-

lar functions is prominent. Several neurohormones, such as an-

giotensin II, arginine, vasopressin, and natriuretic peptides, are

involved in the homeostasis of the cardiovascular system. An

increasing amount of evidence involves the CRF system of neu-

ropeptides in the physiology and pathophysiology of the cardio-

vascular system, which is unsurprising given the well-recognized

role of stress in this system. CRF and its homologs, UCNs, have a

significant role in the homeostasis of the human organism. Recent

clinical evidence suggests that targeting the CRF system could
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offer a promising alternative in the management of cardiovascular

disease, such as congestive heart failure, ischemic heart disease,

and hypertension. Data from preclinical studies showing CRF

peptide and CRF receptor expression in heart tissue and evaluating

their diverse actions are abundant and conclusive. Here, we focus

on data emerging from studies that highlight clinical perspectives

for these molecules, thus opening the way for clinical applications.

The CRF system
The CRF system in mammals comprises four peptide members

(CRF, UCN1, UCN2 and UCN3) along with their receptors [1].

Apart from regulating adrenocorticotropic hormone (ACTH) se-

cretion by the pituitary gland, CRF is implicated in neuroendo-

crine and behavioral stress responses, because its receptors are also

distributed in the neocortex, amygdala, and brainstem nuclei [2].

UCN1 is expressed in the Edinger–Westphal locus, hypothalamus,

and forebrain, as well as in the periphery, gastrointestinal system,

cardiac muscle, coronary arteries, thymus, and other tissues [3–6].

UCN2 and UCN3 are expressed in different areas of the central

nervous system (CNS). In the periphery, UCN2 has been detected

in heart, blood cells, adrenals, muscles, gut, and other tissues [7–9].

All 3 UCNs have been detected in all four chambers of the heart
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[10–12]. All these neuropeptides exert their multiple actions

through activation of two distinct receptor types [CRF receptor

1 (CRFR1) and 2 (CRFR2)], which both belong to class B of the G-

protein-coupled receptor (GPCR) superfamily [13,14].

CRFR1 is expressed primarily in the brain and pituitary, whereas

the expression of three CRFR2 splice variants (CRF2a, CRFR2b, and

CRFR2c) has been reported in the CNS, as well as in heart, skeletal

muscles, and testis. CRF and UCN1 have equal affinity for the

CRFR1 receptor, although UCN1 is 40 times more potent than CRF

in binding CRFR2. By contrast, UCN2 and UCN3 bind selectively

to CRFR2, possibly being the endogenous ligands for this receptor

subtype [15].

Main actions of urocortins
The role of urocortins in both the CNS and periphery has been

intensively studied. Some actions in the CNS include the contri-

bution of UCN1 to the control of anxiety, depression, and drug

abuse, and the development and maintenance of normal hearing

[16]. UCN2 is involved in the inhibition of gastric emptying

through sympathetic pathways [17], and it might also have a

regulatory role in the hypothalamic–pituitary–adrenal axis

(HPA) activity at the hypothalamus level via a paracrine or auto-

crine manner through a vasopressin-dependent mechanism [16].

Finally, UCN3 acts on the CNS to control food intake [16].

Regarding the peripheral actions of UCNs, UCN1 is found in

liver, where it could represent an autocrine and/or paracrine

modulator of the local immune response [5]. UCN1 might also

be involved in the control of gastric acid secretion, inhibition of

gastric motility, and increasing the motility of the colon, whereas

UCN2 selectively delays gastric emptying without an effect on

colon mobility [16,18]. Regarding the adrenal glands, UCN1 leads

to the induction of catecholamine secretion, whereas UCN2 has

the opposite effect [19]. In kidney, all UCNs induce vasodilation

and, thus, are implicated in the regulation of arterial blood pres-

sure (BP) [20]. UCN1 has also been shown to induce the secretion

of proinflammatory cytokines [21]. In the reproductive system,

UCNs might have an important role in the physiology of preg-

nancy and childbirth by modulating the resistance of placental

vessels to blood flow and increasing the contractility of the uterus

[16].

The role of the CRF system in the cardiovascular
system
Expression of UCNs and their receptors in the human
cardiovascular system
In humans, CRF expression is low or undetectable in the heart and

blood vessels, and circulating plasma levels are also low, suggest-

ing that CRF is unlikely to be an endogenous ligand for CRFR2

expressed in the heart [22]. Conversely, UCN1 mRNA is expressed

in all four chambers of the heart and it has been suggested that this

peptide is the endogenous physiological ligand of CRFR2 in the

heart [10]. UCN3 was also found to be expressed in all four heart

chambers [11].

Animal studies revealed an expression of CRF receptors in the

cardiovascular system, in vessels as well as in the heart. As far as the

vessels are concerned, expression of CRF receptors is higher in

arteries than in veins and the receptors were found to be expressed

on smooth muscle fibers and endothelium [23]. Their expression
280 www.drugdiscoverytoday.com
in the smooth muscle of vessels might explain the strong vasor-

elaxant actions of CRF [23]. CRF receptors are also strongly

expressed in the coronary arteries of rats and mice [23]. Their

expression in the heart muscle is stronger in mice than in rats [23].

Pharmacological studies in mice proposed the cardiovascular

actions of CRF and UCNs to be mainly mediated by CRFR2 [23].

From the three CRFR2 isoforms, CRFR2b is the main one expressed

in the periphery (i.e., heart and skeletal muscle in rats|) [24].

Administration of lipopolysaccharide, corticosterone, UCN1, in-

terleukin-1b (IL-1b), interleukin-6 (IL-6), and tumour necrosis

factor-a have been shown to reduce the expression of CRFR2b

in rat heart and in cell lines of nondifferentiated smooth muscle

cells derived from the aorta of embryonic rats, implying that the

levels of CRFR2b in the cardiovascular system are associated with

inflammation and stress [24–26].

The expression of UCN1 was found to be increased in diseased

heart compared with healthy heart tissue in rats and humans

[12,27]. Furthermore, researchers observed that plasma levels of

UCN1 are elevated in patients with chronic heart failure in pro-

portion to the degree of cardiac dysfunction and can function as

an independent predictor of heart failure [28]. Studies conducted

in hearts of 40 archival human fetuses revealed the expression of

the complete CRF system and, interestingly, an isolated expression

of UCN3 only in hearts of fetuses with chromosomal abnormalities

or congenital disorders [29].

Animal studies
Data from animal studies showing CRF peptide and receptor

expression and regulation in heart tissue as well as preclinical

evaluation of different actions are numerous and conclusive and

have been recently reviewed elsewhere. The most important find-

ings are summarized in this section.

CRF produces powerful actions on the cardiovascular system

that depend on whether the peptide is administered peripherally

or directly to the CNS [30]. Intravenous administration of CRF

caused vasodilation in rats and dogs [30], whereas intracerebral

administration of CRF in sheep increased BP, cardiac output, and

heart rate [31]. As far as UCNs are concerned, there are numerous

studies assessing their actions, combined, or not, with other

cardiovascular medication. Available published data on the effect

of UCNs in the function of vascular endothelium are equivocal.

The protective effects of UCNs in the vascular endothelium are

caused by a decrease in the production of active oxygen radicals by

the action of proinflammatory cytokines, endothelin-1, serum

angiotensin-converting enzyme (ACE), and angiotensin II, and a

decrease in superoxide dismutase activity with a parallel increase

in production of nitric oxide (NO) [32,33]. Moreover, UCNs have

proinflammatory and procoagulant effects mediated by increased

production of IL-6 and IL-1b [33].

In cultures of rat neonatal myocytes, UCNs stimulated the secre-

tion of natriuretic peptides through the CRFR2 receptor [34]. Fur-

thermore, they caused hypertrophic changes to cardiac myocytes as

well as an increase in protein synthesis and collagen levels, with

UCN3 being considered to be the factor responsible for these actions

[35]. Furthermore, UCNs reduced reperfusion injury in isolated rat

hearts subjected to ischemia and reperfusion; the protective effect

was observed when the peptide was administered either at pre-

ischemia oratreperfusion[6,36–38].Finally, UCNshavebeenshown
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TABLE 1

Cardiovascular actions of UCNs in animal models of cardiovas-
cular disease

Disease Change in hemodynamic
and other parameters

Refs

Arterial hypertension BP #; LV hypertrophy #;
Deterioration of LVEF #

[53]

Heart failure BP #; Cardiac output "; SVR #;
urine volume ", sodium
excretion ", creatinine
clearance "

[54]

Dilated cardiomyopathy Cardiac output "; #SVR [55]

Abbreviations: BP, blood pressure; LV, left ventricular; LVEF, left ventricular ejection
fraction; SVR, systemic vascular resistance.

TABLE 2

Cardiovascular actions of the combination of UCNs with other
medication in animal models with cardiovascular disease

Combination Changes in hemodynamic and
other parameters

Refs

UCN2 + furosemide BP #; vasopressin #, renin #;
natriuretic peptides
#; diuresis ", sodium excretion "

[56]

UCN2 + metoprolol Cardiac output "; SVR # [57]
UCN2 + aldosterone
receptor inhibitor

SVR #; right atrium pressure #;
diuresis ", sodium excretion ",
potassium levels
#; vasopressin #, renin #,
aldosterone #, Ang II #

[58]

UCN2+ captopril
(ACE inhibitors)

BP #; vasopressin #, renin #,
aldosterone #, endothelin 1 #

[59]

Abbreviations: ACE, angiotensin-converting enzyme; ARI, aldosterone receptor inhibitor;
BP, blood pressure; RA, right atrium; SVR, systemic vascular resistance.
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to cause beneficial cardiovascular effects, such as coronary vasodila-

tion, positive inotropic action, and increase in cardiac output, all

mediated by the CRFR2 receptor [31,39]. In a study in sheep, UCN1

administration gradually increased BP, which was attributed to

elevated heart rate and cardiac output [31]. The most important

action observed with intravenous administration was prompt and

important enhancement of heart contractility [31]. According to

experimental data, the hemodynamic actions of UCNs are not

mediated by the autonomic nervous system, but rather through

direct myocardial CRFR2 binding [30].

The cardiovascular actions of UCNs have also been studied in

combination with cardiovascular medication. In particular, UCNs

were studied in animal models of heart failure in combination

with loop diuretics, aldosterone receptor antagonists, beta-block-

ers, and ACE inhibitors, demonstrating a promising and protective

role. Tables 1 and 2 offer a synopsis of published data opening the

way for clinical applications.

Ex vivo and in vitro human studies
Hasegawa and co-workers examined the role of UCN1 in athero-

sclerosis using human mononuclear cells isolated from healthy

volunteers as well as commercially available smooth muscle cells

[40]. They showed that UCN1 suppressed the inflammatory re-

sponse and proliferation of endothelial cells, macrophage foam

cell formation and migration, and proliferation of smooth muscle

cells. The protective effects of UCN1 against atherosclerosis were
confirmed in human umbilical vein endothelial cells (HUVECs)

[32]. Endothelial urocortin was upregulated by inflammatory

cytokines and pitavastatin and suppressed reactive oxygen species

(ROS) production. Most interestingly, the same study showed that

treatment with pitavastatin for 4 weeks increased the serum uro-

cortin level in humans.

Vasodilatory effects of UCN1 were observed in samples of

internal thoracic artery obtained during coronary artery bypass

graft surgery [41]. In particular, UCN1 produced both endotheli-

um-dependent and -independent vasodilation. The administra-

tion of potassium channel blockers, such as tetraethylammonium,

charybdotoxin, and iberiotoxin, inhibited vasodilatation, suggest-

ing the involvement of these channels in the mediation of uro-

cortin results. Wiley and colleagues confirmed the above findings

for CRF, UCN1, UCN2, and UCN3 in a study utilizing samples of

human internal mammary artery after endothelium removal [42].

UCN2 and UCN3 caused strong, sustained, and direct vasodilata-

tion, independent of the endothelium, whereas UCN1 produced

endothelium-dependent vasodilatation in this model, probably

mediated by NO.

Smani and co-workers conducted experiments on coronary

artery samples from patients with heart failure undergoing ortho-

topic heart transplantation and whose heart failure was

caused by dilated cardiomyopathy of ischemic etiology [43].

Cumulative concentration of UCN2 was measured and concen-

tration-dependent vasodilatation was demonstrated. Further-

more, UCN2 induced endothelium-independent vasodilatation

in this study. The cardioprotective effects of UCN1 have been

studied in patients undergoing coronary artery bypass graft sur-

gery using extracorporeal circulation with warm blood cardio-

plegia [44].

Finally, UCN2 appears to have a role in the pathophysiology of

abdominal aortic aneurysm formation. In a study conducted in

patients with such aneurysms, it was found that UCN2 and CRFR2

were significantly upregulated in biopsies from the aneurysm body

and that median plasma concentrations were higher in patients

with abdominal aortic aneurysms compared with patients with

non-aneurysmal vascular disease.

Studies evaluating the clinical use of urocortins in
healthy subjects and patients
UCNs as biomarkers in cardiovascular disease
Patients with heart failure have higher levels of UCN1 compared

with patients without heart failure, the levels of UCN1 increasing

with increasing age and NYHA classification [45]. Wright and co-

workers showed that plasma UCN1 levels in patients with heart

failure were related to symptoms, measures of cardiac function,

and levels of other circulating neurohormones, such as N-terminal

pro-brain natriuretic peptide (BNP) [28].

Topal and co-workers measured serum levels of UCN2 in

patients with systolic and diastolic dysfunction and ischemic heart

disease and found higher serum levels in patients with mild and

moderate congestive heart failure [46]. In the group of patients

with ischemic heart disease, without prior myocardial infarction,

and those with diastolic dysfunction, serum levels of UCN2 were

comparable with those of the control group.

The above results show that UCN1 and UCN2 could serve as

biomarkers in the diagnosis and prognosis of heart failure.
www.drugdiscoverytoday.com 281
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TABLE 3

Phase 1 clinical trials using UCNsa

Authors Factor/Administration Number of patients Type of study Results Refs

Davis et al., 2004 50 mg of UCN1 i.v. over 1 h N = 8 healthy males Placebo controlled, crossover,
randomized

" ACTH, cortisol, ANP; #
ghrelin

[47]

Davis et al., 2007 25 mg and 100 mg of UCN2
and placebo i.v. over 1 h

N = 8 healthy males Single-blind, placebo controlled,
dose escalation

" CO, HR, LVEF; # SVR, urine
volume, natriuresis; 100 mg
" renin, Ang II, and
norepinephrine activity

[48]

Davis et al., 2007 25 mg and 100 mg of UCN2
and placebo i.v. over 1h

N = 8 male patients
with HF

Single-blind, placebo-
controlled, dose escalation

" CO, LVEF; # MAP, SVR, CW,
urine volume

[49]

Venkatasubramanian
et al., 2013

UCN2, UCN3, and substance
P with/without aspirin,
fluconazole, or L-NMMA

N = 18 healthy males Double-blind, randomized,
crossover

UCN2 and UCN3 evoked
arterial vasodilatation, L-
NMMA reduced
vasodilatation to substance
P and UCN2

[51]

Chan et al., 2013 5 ng/kg/min of UCN2 or
placebo i.v. over 4 h

N = 53 patients with
acute
decompensated HF

Double-blind, randomized,
placebo controlled

SBP #, HR ", CO ", SVR #, PAP
#, PCWP #, urine volume #,
CrCl #, plasma renin activity
", BNP levels#

[50]

Gheorghiade et al.,
2013

5, 15, and 30 ng/kg/min of
UCN3 or placebo i.v. over
1 h

N = 62 patients with
HF and LVEF �35%

Double-blind, randomized,
placebo-controlled, dose
escalation

# CI and SVR with 15 and
30 ng/kg/min; �BP, �HR,
�SBP

[52]

Stirrat et al., 2016 1st: intra-arterial infusion of
UCN2 (3.6–36 pmol/min),
UCN3 (360–3600 pmol/min)
and substance P (2–8 pmol/
min); 2nd: i.v. infusion of
sodium nitroprusside (573–
5730 pmol/kg),
UCN2 (36–360 pmol/min),
UCN3 (1.2–12 nmol/min),
and placebo

1st: N = 8 patients
with HF and N = 8
age- and gender-
matched healthy
controls, 2nd: N = 9
patients with HF and
N = 7 healthy
controls

1st: randomized, dose
escalation, 2nd: randomized,
double-blind, placebo
controlled crossover study, dose
escalation

1st: arterial vasodilation CN2,
UCN3, and substance P in
patients with HF and
controls (no difference); 2nd:
HR ", CI ", SVR #, MAP # with
UCN2, HR ", CI " only
significant in patients with
HF and controls with UCN2

[60]

a Abbreviations: ANP, atrial natriuretic peptide; CO, cardiac output; CI, cardiac index; CrCl, creatinine clearance; CW, cardiac work; HR, heart rate; LVEF, left ventricular ejection fraction; MAP,
mean arterial pressure; PCWP, pulmonary capillary wedge pressure; SBP, systolic blood pressure; SVR, systemic vascular resistance; �, no change.
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Clinical trials using UCN1
In a Phase 1 study by Davis and co-workers, UCN1 was intra-

venously administered over 1 h in eight healthy male volun-

teers [47]. Elevated levels of ACTH, cortisol, and atrial

natriuretic peptide and reduced levels of ghrelin were noted

in the group receiving UCN1 compared with the control group

receiving placebo. The above dose and method of administra-

tion did not produce significant hemodynamic and renal

effects in healthy individuals, but the observed decrease in

ghrelin levels might explain the anorexia known to be induced

by UCN1. The results of published clinical trials are summa-

rized in Table 3.

Clinical trials using UCN2
In a single-blind Phase 1 study by Davis and co-workers, two

intravenous doses of UCN2 and placebo were administered to

eight healthy male volunteers, and cardiovascular, hemodynamic,

renal, and neurohormonal effects were evaluated [48]. Dose-relat-

ed increases in cardiac output, heart rate, left ventricle ejection

fraction (LVEF), and contraction velocity of mitral valve tissue

were observed, as well as a dose-dependent reduction in end-

systolic volume, a decreased peripheral vascular resistance, and

a decreased diastolic and mean arterial pressure compared with the

control group. Declines in diastolic BP and mean arterial pressure,

with no statistically significant reduction in systolic BP were noted

in the UCN2 group.
282 www.drugdiscoverytoday.com
Furthermore, Davis and co-workers administered intravenous

UCN2 to patients with heart failure to study its effect on the

cardiovascular system in a Phase 2 single-blind study [49]. Eight

male patients with congestive heart failure were enrolled. The

subjects were administered placebo, low-dose, or high-dose

UCN2 intravenously over 1 h and with an interval of 2–5 weeks

between each dose. As a result, an increase in cardiac output (CO)

and LVEF was observed and a decrease in systolic and diastolic BP,

mean arterial pressure, systemic vascular resistance (SVR), and

cardiac work. Additionally, a continuous decrease in SVR, cardiac

work, and BP after the infusion was noted, whereas longer and

clearer effects were demonstrated after the high dose compared

with that of the low dose.

The therapeutic use of UCN2 in acute decompensated heart

failure as an adjunct to conventional therapy was tested for the

first time in the study UNICORN [50]. This was a randomized,

double-blind study that enrolled 53 patients with acute decom-

pensated heart failure treated with UCN2 or placebo for 4 h as an

adjunct therapy. The changes in vital signs, plasma neurohormon-

al and renal biomarkers during treatment were compared using

analysis of covariance with repeated measurements. Regarding

hemodynamic effects, it was shown that UCN2 induced rapid

and pronounced hypotensive activity, with maximal effect occur-

ring between 1.5 and 2.5 h, as well as an increase in heart rate [50].

Additionally, UCN2 administration resulted in vasodilatation,

increased cardiac output, a prolonged decline in BNP levels, and
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a transient decline in renal function, most likely reflecting falls in

renal perfusion pressure, associated with temporarily increased

renin and decreased creatinine excretion [50].

Clinical trial using a combination of UCN2 and UCN3
Clinical effects of UCN2 and 3 were studied by Venkatasubrama-

nian and colleagues in a double-blind, randomized crossover study

in 18 healthy male young volunteers [51]. Eight healthy volun-

teers received discontinuous or continuous gradually increasing

doses of intraarterial UCN2 or UCN3, whereas ten healthy volun-

teers received progressively increasing doses of intraarterial UCN2,

UCN3, and substance P in the presence of: (i) a placebo; (ii) 600 mg

aspirin orally; (iii) an inhibitor of NO synthesis; (iv) intraarterial

fluconazole; and (v) the combination of aspirin, intra-arterial

fluconazole, and inhibitor of NO synthesis. UCN2 and UCN3

caused significant vasodilation but were moderately inhibited

by the NO synthesis inhibitor, slightly more intense for UCN2

compared with UCN3. Although vasodilation mediated by UCN2

and UCN3 was inhibited by the combination of three inhibitors,

vasomotor activity remained to a significant degree.

Clinical trials using UCN3
Gheorghiade and co-workers examined the safety, pharmacokinetics,

and effects on hemodynamics and biomarkers of the intravenous

administration of human acetate stresscopin (UCN3) in patients with

stable heart failure in a double-blind randomized study [52]. The main

study involved the administration of gradually increasing doses of

study drug or placebo at successive intervals of 1 h (3 h total). Results

showed significant increases in cardiac index and a decrease in SVR

with both medium and high doses. No significant changes were seen

in heart rate or systolic BP, although there was a decrease in diastolic

BP. No statistically significant decrease in pulmonary capillary wedge

pressure was observed with any dose tested in the primary analysis,

although a reduction trend was observed. The aforementioned find-

ings could imply a possible advantage of the peptide over classical

inotropic agents to improve cardiac function with fewer negative

impacts on myocardial oxygen demand [52].

Concluding remarks
The therapeutic potential of UCNs in cardiovascular disorders has

been highlighted not only in animal studies, but also in clinical

trials. UCNs have differential effects on the cardiovascular system,

some of which have been highlighted here.

It was previously proposed that UCNs could prove to be valuable

drugs in the future, either as monotherapy or as an adjunct to

conventional therapy, for the treatment of ‘cardiorenal’ or ‘renal-

cardiac’ syndrome [20]. Besides cardiac parameters, all UCNs also

improved renal function in experimental heart failure models and
caused a significant improvement in most, if not all, dysregulated

parameters in cardiorenal syndrome by diminishing multiple

vasoconstrictive stimuli, improving the cardiac output through

a positive inotropic action, and removing sodium and water excess

through the improvement of renal function.

Based on the data presented here, UCN2 appears to be a prom-

ising choice in the treatment of cardiovascular diseases, such as

hypertension, ischemic heart disease, and heart failure. The im-

mediate and sustained reduction in BP resulting from UCN2

administration could be a new and attractive approach for new

antihypertensive treatments. Another interesting property that

makes UCN2 potentially suitable for use in patients with heart

failure is that UCN2 acts both dependently and independently of

the endothelium, considering that patients with heart failure have

some degree of endothelial dysfunction. Absence of adverse effects

from the CNS is an additional advantage.

By contrast, UCN1 failed to demonstrate hemodynamic effects

in humans. Moreover, adverse effects because of the activation of

CRFR1 and stimulation of the hypothalamic–pituitary axis were

observed. However, it might have a role as a biomarker in the early

diagnosis of heart failure.

UCNs cause vasodilatation without signs of tachyphylaxis and

with good reproducibility. This is important, especially because of

their potential application in the therapy of chronic diseases,

where predictability and reproducibility of pharmacological

actions are required. They also have positive inotropic, chrono-

tropic, and lusitropic effects on the heart. This, in combination

with their favorable effects on hemodynamic, renal, and neuro-

hormonal parameters, makes these peptides a potentially attrac-

tive agent for the treatment of heart failure. Several studies showed

interesting actions of UCNs in animal models of heart failure as

well as in humans in the context of clinical trials. Although many

human studies dealt with the combined systemic effects of UCNs,

the relative contributions of UCN-induced hemodynamic changes

in increasing cardiac output have not yet been adequately studied.

Additionally, further studies are needed to examine the potential

effects of long-term administration of these peptides. Finally, the

administration of a peptide for diseases such as hypertension or

heart failure poses important practical difficulties. In particular,

the low oral bioavailability of a peptide makes a parenteral admin-

istration necessary, a fact that probably limits the use of UCNs in

acute conditions and hospitalized patients, such as patients with

acute decompensated heart failure and hypertensive crisis. Devel-

oping modified, long-acting peptides that can be given subcuta-

neously, gene delivery therapies that augment endogenous UCN

synthesis and release, as well as small bioavailable molecules

capable of activating UCN receptors could be some of the ways

to overcome these difficulties.
References
1 Lovejoy, D.A. and Balment, R.J. (1999) Evolution and physiology of the

corticotropin-releasing factor (CRF) family of neuropeptides in vertebrates. Gen.

Comp. Endocrinol. 115, 1–22

2 Van Pett, K. et al. (2000) Distribution of mRNAs encoding CRF receptors in brain and

pituitary of rat and mouse. J. Comp. Neurol. 428, 191–212

3 Cepoi, D. et al. (1999) Ovine genomic urocortin: cloning, pharmacologic

characterization, and distribution of central mRNA. Brain Res. Mol. Brain Res. 68,

109–118
4 Kageyama, K. et al. (1999) Urocortin messenger ribonucleic acid: tissue distribution

in the rat and regulation in thymus by lipopolysaccharide and glucocorticoids.

Endocrinology 140, 5651–5658

5 Simopoulos, C. et al. (2009) Neuropeptide urocortin 1 and its receptors are expressed

in the human liver. Neuroendocrinology 89, 315–326

6 Huang, Y. et al. (2002) Urocortin-induced endothelium-dependent relaxation of rat

coronary artery: role of nitric oxide and K+ channels. Br. J. Pharmacol. 135, 1467–

1476
www.drugdiscoverytoday.com 283

http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0005
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0005
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0005
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0010
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0010
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0015
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0015
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0015
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0020
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0020
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0020
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0025
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0025
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0030
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0030
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0030


REVIEWS Drug Discovery Today �Volume 24, Number 1 � January 2019

Review
s
�P

O
ST

SC
R
EEN
7 Lewis, K. et al. (2001) Identification of urocortin III, an additional member of the

corticotropin-releasing factor (CRF) family with high affinity for the CRF2 receptor.

Proc. Natl. Acad. Sci. U. S. A. 98, 7570–7575

8 Reyes, T.M. et al. (2001) Urocortin II: a member of the corticotropin-releasing factor

(CRF) neuropeptide family that is selectively bound by type 2 CRF receptors. Proc.

Natl. Acad. Sci. U. S. A. 98, 2843–2848

9 Hsu, S.Y. and Hsueh, A.J. (2001) Human stresscopin and stresscopin-related peptide

are selective ligands for the type 2 corticotropin-releasing hormone receptor. Nat.

Med. 7, 605–611

10 Kimura, Y. et al. (2002) Expression of urocortin and corticotropin-releasing factor

receptor subtypes in the human heart. J. Clin. Endocrinol. Metab. 87, 340–346

11 Takahashi, K. et al. (2004) Expression of urocortin III/stresscopin in human heart

and kidney. J. Clin. Endocrinol. Metab. 89, 1897–1903

12 Nishikimi, T. et al. (2000) Urocortin, a member of the corticotropin-releasing factor

family, in normal and diseased heart. Am. J. Physiol. Heart Circ. Physiol. 279, H3031–

H3039

13 Lovenberg, T.W. et al. (1995) Cloning and characterization of a functionally distinct

corticotropin-releasing factor receptor subtype from rat brain. Proc. Natl. Acad. Sci.

U. S. A. 92, 836–840

14 Kostich, W.A. et al. (1998) Molecular identification and analysis of a novel human

corticotropin-releasing factor (CRF) receptor: the CRF2gamma receptor. Mol.

Endocrinol. 12, 1077–1085

15 Paschos, K.A. et al. (2009) The corticotropin-releasing factor system in inflammatory

bowel disease: prospects for new therapeutic approaches. Drug Discov. Today 14,

713–720

16 Fekete, E.M. and Zorrilla, E.P. (2007) Physiology, pharmacology, and therapeutic

relevance of urocortins in mammals: ancient CRF paralogs. Front. Neuroendocrinol.

28, 1–27

17 Czimmer, J. et al. (2006) Urocortin 2 acts centrally to delay gastric emptying

through sympathetic pathways while CRF and urocortin 1 inhibitory actions are

vagal dependent in rats. Am. J. Physiol. Gastrointest. Liver Physiol. 290, G511–G518

18 Stengel, A. and Tache, Y. (2010) Corticotropin-releasing factor signaling and

visceral response to stress. Exp. Biol. Med. 235, 1168–1178

19 Dermitzaki, E. et al. (2007) Corticotropin-releasing factor (CRF) and the urocortins

differentially regulate catecholamine secretion in human and rat adrenals, in a CRF

receptor type-specific manner. Endocrinology 148, 1524–1538

20 Devetzis, V. et al. (2013) The corticotropin releasing factor system in the kidney:

perspectives for novel therapeutic intervention in nephrology. Med. Res. Rev. 33,

847–872

21 Hasdemir, B. et al. (2016) Sex- and corticotropin-releasing factor receptor 2-

dependent actions of urocortin 1 during inflammation. Am. J. Physiol. Regul. Integr.

Comp. Physiol. 310, R1244–R1257

22 Suda, T. et al. (1985) Immunoreactive corticotropin-releasing factor in human

plasma. J. Clin. Invest. 76, 2026–2029

23 Waser, B. et al. (2006) CRF receptors in the rodent and human cardiovascular

systems: species differences. Peptides 27, 3029–3038

24 Takahashi, K. et al. (2004) Urocortins as cardiovascular peptides. Peptides 25, 1723–

1731

25 Takahashi, K. (2012) Distribution of urocortins and corticotropin-releasing factor

receptors in the cardiovascular system. Int. J. Endocrinol. 2012, 395284

26 Kageyama, K. et al. (2000) Regulation of corticotropin-releasing factor receptor type

2 beta messenger ribonucleic acid in the rat cardiovascular system by urocortin,

glucocorticoids, and cytokines. Endocrinology 141, 2285–2293

27 Ikeda, K. et al. (2003) Cardiac expression of urocortin (Ucn) in diseased heart;

preliminary results on possible involvement of Ucn in pathophysiology of cardiac

diseases. Mol. Cell. Biochem. 252, 25–32

28 Wright, S.P. et al. (2009) Plasma urocortin 1 in human heart failure. Circ. Heart Fail.

2, 465–471
284 www.drugdiscoverytoday.com
29 Chouridou, E. et al. (2016) Corticotropin-releasing factor (CRF) system localization

in human fetal heart. Hormones 15, 55–64

30 Parkes, D.G. et al. (2001) Cardiovascular actions of CRH and urocortin: an update.

Peptides 22, 821–827

31 Parkes, D.G. et al. (1997) Cardiac inotropic actions of urocortin in conscious sheep.

Am. J. Physiol. 272, H2115–H2122

32 Honjo, T. et al. (2006) Endothelial urocortin has potent antioxidative properties and

is upregulated by inflammatory cytokines and pitavastatin. J. Vasc. Res. 43, 131–138

33 Yang, C. et al. (2008) Urocortin: a beneficial or detrimental agent to endothelium?

Biochem. Biophys. Res. Commun. 371, 345–349

34 Ikeda, K. et al. (1998) Urocortin, a newly identified corticotropin-releasing factor-

related mammalian peptide, stimulates atrial natriuretic peptide and brain

natriuretic peptide secretions from neonatal rat cardiomyocytes. Biochem. Biophys.

Res. Commun. 250, 298–304

35 Chanalaris, A. et al. (2005) Hypertrophic effects of urocortin homologous peptides

are mediated via activation of the Akt pathway. Biochem. Biophys. Res. Commun. 328,

442–448

36 Brar, B.K. et al. (2000) Urocortin protects against ischemic and reperfusion injury via

a MAPK-dependent pathway. J. Biol. Chem. 275, 8508–8514

37 Vaughan, J. et al. (1995) Urocortin, a mammalian neuropeptide related to fish

urotensin I and to corticotropin-releasing factor. Nature 378, 287–292

38 Turnbull, A.V. et al. (1996) Urocortin, a corticotropin-releasing factor-related

mammalian peptide, inhibits edema due to thermal injury in rats. Eur. J. Pharmacol.

303, 213–216

39 Terui, K. et al. (2001) Coronary vasodilation and positive inotropism by urocortin in

the isolated rat heart. J. Endocrinol. 169, 177–183

40 Hasegawa, A. et al. (2014) Vasoprotective effects of urocortin 1 against

atherosclerosis in vitro and in vivo. PLoS One 9, e110866

41 Chen, Z.W. et al. (2005) Urocortin-induced relaxation in the human internal

mammary artery. Cardiovasc. Res. 65, 913–920

42 Wiley, K.E. and Davenport, A.P. (2004) CRF2 receptors are highly expressed in the

human cardiovascular system and their cognate ligands urocortins 2 and 3 are

potent vasodilators. Br. J. Pharmacol. 143, 508–514

43 Smani, T. et al. (2011) Urocortin-2 induces vasorelaxation of coronary arteries

isolated from patients with heart failure. Clin. Exp. Pharmacol. Physiol. 38, 71–76

44 Chen-Scarabelli, C. et al. (2009) Warm-blood cardioplegic arrest induces selective

mitochondrial translocation of protein kinase Cepsilon followed by interaction

with 6.1 inwardly rectifying potassium channel subunit in viable myocytes

overexpressing urocortin. J. Thorac. Cardiovasc. Surg. 138, 1213–1221

45 Ng, L.L. et al. (2004) Plasma urocortin in human systolic heart failure. Clin. Sci. 106,

383–388

46 Topal, E. et al. (2012) Relationship of urocortin-2 with systolic and diastolic

functions and coronary artery disease: an observational study. Anadolu. Kardiyol.

Derg. 12, 115–120

47 Davis, M.E. et al. (2004) Urocortin-1 infusion in normal humans. J. Clin. Endocrinol.

Metab. 89, 1402–1409

48 Davis, M.E. et al. (2007) Urocortin 2 infusion in healthy humans: hemodynamic,

neurohormonal, and renal responses. J. Am. Coll. Cardiol. 49, 461–471

49 Davis, M.E. et al. (2007) Urocortin 2 infusion in human heart failure. Eur. Heart J. 28,

2589–2597

50 Chan, W.Y. et al. (2013) Urocortin-2 infusion in acute decompensated heart failure:

findings from the UNICORN study (urocortin-2 in the treatment of acute heart

failure as an adjunct over conventional therapy). JACC Heart Fail. 1, 433–441

51 Venkatasubramanian, S. et al. (2013) Vascular effects of urocortins 2 and 3 in

healthy volunteers. J. Am. Heart. Assoc. 2, e004267

52 Gheorghiade, M. et al. (2013) Haemodynamic effects, safety, and pharmacokinetics

of human stresscopin in heart failure with reduced ejection fraction. Eur. J. Heart

Fail. 15, 679–689

http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0035
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0035
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0035
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0040
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0040
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0040
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0045
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0045
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0045
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0050
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0050
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0055
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0055
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0060
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0060
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0060
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0065
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0065
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0065
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0070
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0070
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0070
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0075
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0075
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0075
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0080
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0080
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0080
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0085
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0085
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0085
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0090
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0090
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0095
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0095
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0095
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0100
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0100
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0100
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0105
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0105
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0105
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0110
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0110
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0115
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0115
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0120
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0120
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0125
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0125
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0130
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0130
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0130
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0135
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0135
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0135
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0140
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0140
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0145
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0145
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0150
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0150
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0155
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0155
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0160
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0160
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0165
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0165
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0170
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0170
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0170
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0170
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0175
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0175
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0175
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0180
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0180
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0185
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0185
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0190
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0190
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0190
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0195
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0195
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0200
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0200
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0205
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0205
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0210
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0210
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0210
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0215
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0215
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0220
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0220
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0220
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0220
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0225
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0225
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0230
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0230
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0230
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0235
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0235
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0240
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0240
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0245
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0245
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0250
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0250
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0250
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0255
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0255
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0260
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0260
http://refhub.elsevier.com/S1359-6446(18)30233-2/sbref0260

	Do urocortins have a role in treating cardiovascular disease?
	Introduction
	The CRF system
	Main actions of urocortins
	The role of the CRF system in the cardiovascular system
	Expression of UCNs and their receptors in the human cardiovascular system
	Animal studies
	Ex vivo and in vitro human studies

	Studies evaluating the clinical use of urocortins in healthy subjects and patients
	UCNs as biomarkers in cardiovascular disease
	Clinical trials using UCN1
	Clinical trials using UCN2
	Clinical trial using a combination of UCN2 and UCN3
	Clinical trials using UCN3

	Concluding remarks
	References


