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Translational promise of the apelineAPJ system

Gareth Barnes,1 Alan G Japp,2 David E Newby1,2

ABSTRACT
Apelin, the endogenous ligand for the G-protein-coupled
APJ receptor, is emerging as a key hormone in
cardiovascular homoeostasis. It is expressed in a diverse
range of tissues with particular preponderance for the
cardiovascular system, being found in both the heart and
vasculature. Apelin is the most potent in vitro inotrope
yet identified and causes endothelium- and nitric oxide-
dependent vasodilatation. It also appears to have a role
in lipid and glucose metabolism as well as fluid
homoeostasis. One of the key emerging features of the
apelineAPJ system is its interaction with the
renineangiotensin system with the respective receptors
sharing marked sequence homology, forming
heterodimers, and mediating opposing physiological
actions.
To date, both preclinical and limited clinical studies
suggest that the apelineAPJ system may have an
important role in the pathogenesis of heart failure.
Although the apelineAPJ system is downregulated, the
inotropic actions of apelin persist and are enhanced in
failing hearts without inducing ventricular hypertrophy. In
combination with its interaction with the
renineangiotensin system, APJ agonism may provide
a new therapeutic target in the treatment of acute and
chronic heart failure.
In this review, we highlight key aspects of the
apelineAPJ system in health and disease, and consider
its translational and therapeutic potential. The diverse
actions of the apelineAPJ system have implications for
understanding the pathophysiology of, and development
of treatments for, several major cardiovascular diseases.

The APJ receptor and its ligand, apelin, constitute
a relatively new peptidic system with an emerging
and important physiological and pathophysiolog-
ical role that is currently being defined (figure 1). In
vitro and preclinical models have suggested that the
apelineAPJ system has a role in cardiovascular
homoeostasis as well as fluid balance and metabo-
lism. We will here review the apelineAPJ system
and explore its emerging pathogenetic significance
and therapeutic potential in cardiovascular disease.

APELIN AND THE APJ RECEPTOR
The APJ receptor is a G-protein-coupled receptor
first identified in 1993.1 It is expressed in a wide
range of tissues, including the endothelium,
myocardium,2 3 vascular smooth muscle,4 adipose
tissue3 and throughout the brain.5 6 It remained
‘orphaned’ until 1998 when apelin (APj receptor
Endogenous LIgaNd) was extracted from bovine
stomach.7 It is unclear whether apelin acts on the
APJ receptor in an autocrine, paracrine or hormonal
manner but most evidence supports a paracrine
focus of action.

Apelin is synthesised as a 77 amino acid
prepropeptide that is cleaved into a mature 36
amino acid peptide. Shorter more active isoforms
have also been identified, with the pyrogluta-
mated 13 amino acid apelin, (Pyr1)apelin-13, being
the most potent,3 and abundant form in
cardiac tissue.8 The main source of plasma apelin
is currently unclear, although the vascular
endothelium and the atria of the heart are likely to
be significant contributors.9 The pathway of
apelin metabolism and breakdown is currently
obscure but the mature 77 amino acid peptide
contains a number of basic residues that are
potential cleavage sites for peptidases. Apelin has
a brief plasma half-life of <5 min in man and
its cardiovascular effects are relatively short
lived.10 11

PHYSIOLOGICAL ACTIONS OF THE APELINeAPJ
SYSTEM
Vascular actions
Apelin causes vasodilatation in ex vivo models
employing human conduit arteries,8 resistance
vessels12 and veins.8 Accordingly, intravenous
administration in rodents reduces mean arterial
pressure,13e16 systemic venous tone15 and cardiac
preload and afterload.17 Vasodilatation to apelin is
endothelium dependent since vasoconstriction
occurs in endothelium-denuded vessels.8 18 This
endothelium-dependent vasodilatation appears to
be mediated predominantly through nitric oxide-
dependent pathways: in vitro, apelin stimulates
transcription19 and phosphorylation13 of endothe-
lial nitric oxide synthase and, in vivo, it increases
plasma nitrate and nitrite concentrations.14

Furthermore, inhibition of nitric oxide synthase
markedly attenuates both the depressor14 and
vasodilator12 responses to apelin. In human
mammary arteries and saphenous veins, although
not mesenteric resistance vessels, apelin induces
vasodilatation through a prostacyclin-dependent
pathway.8

The vascular effects of apelin in clinical studies
mirror those in animal models. Intra-arterial infu-
sion of apelin causes reproducible vasodilatation in
the human forearm arterial circulation.11 In this
model, vasodilatation to apelin is reduced by two-
thirds during nitric oxide synthase inhibition but is
unaffected by prostacyclin inhibition.11 Apelin does
not appear to exert in vivo vasomotor effects in
human dorsal hand veins, but the effects on central
capacitance vessels have yet to be studied.
Currently available clinical data are limited to
studies on these two regional vascular beds.
However, recent data from our own group
demonstrates that apelin is also a coronary vaso-
dilator and, when administered at systemic doses,
reduces peripheral vascular resistance.10
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Cardiac actions
Apelin is among the most potent endogenous inotropic agents
yet described. In vitro, exogenous apelin increases contractility
at subnanomolar concentrations in atrial strips8 and whole rat
hearts,20 and increases sacromere shortening by up to 140% in
single cardiomyocytes.2 In healthy rodents, acute apelin infusion
increases myocardial contractility17 independently of its effects
on loading conditions while, uniquely among current inotropic
agents, chronic dosing causes a sustained increase in cardiac
output without inducing left ventricular hypertrophy.17

Recent studies have confirmed that endogenous apelineAPJ
signalling contributes to cardiac function. Isolated ventricular
myocytes from both apelin- and APJ-deficient mice have
impaired sarcomeric function resulting in reduced myocyte
contractility.21 While apelin-deficient mice display normal or
only slightly impaired basal cardiac function, they have marked
reductions in exercise capacity and maximum oxygen
consumption. They manifest progressive cardiac dysfunction
from 6 months of age and develop severe heart failure when
subjected to chronic pressure overload via surgical aortic
banding.22 Taken together, these data suggest a critical role for
apelineAPJ signalling in maintaining and augmenting cardiac
performance during conditions of cardiovascular stress.

The inotropic actions of apelin are independent of angiotensin
II, endothelin-1, catecholamines and nitric oxide release.20

Although the data are to some extent conflicting, it appears that
apelin acts predominantly through mechanisms other than by
raising intracellular calcium concentrations. In intact rat hearts,
the inotropic response to apelin is markedly attenuated by
selective inhibition of the sacrolemmal sodium-hydrogen ion
exchanger (NHE). Stimulation of NHE can lead to intracellular
alkalinisation and sensitisation of cardiac myofilaments to
intracellular calcium ions.23 Accordingly, in isolated cardiomyo-
cytes, apelin activates NHE and reduces intracellular pH.2 In
these and other studies20 of isolated cardiomyocytes, apelin had
no effect on calcium ion transients. Furthermore, isolated
cardiomyocytes from APJ- and apelin-deficient mice with
impaired contractile function, also show no alterations in
calcium ion transients.21 However, apelin causes a modest
increase in the amplitude of the intracellular calcium ion tran-
sients in failing rat trabeculae24 and isolated cardiomyocytes,25

suggesting the possibility of an additional mechanism involving
increased calcium availability.

Fluid homoeostasis
Apelin and the APJ receptor are present in the kidney and many
areas of the brain. High concentrations are found in the supra-
optic nuclei and paraventricular nuclei6: regions involved in fluid
homoeostasis. Here, the synthesis and secretion of apelin
appears to be regulated by vasopressin.26 In turn, intracerebral
injection of apelin directly inhibits vasopressin release leading to
a 40% reduction in plasma vasopressin concentrations. In
keeping with this, apelin has diuretic properties27 28 that appear
to be primarily aquaretic with little or no apparent increase in
sodium excretion.27 In man, water loading results in elevated
plasma apelin concentrations, while increased plasma osmolality
causes plasma apelin concentrations to fall; in each case there is
a reciprocal change in vasopressin concentration.29 Overall, these
data suggest that apelin may have an important counter-regu-
latory role to vasopressin in fluid homoeostasis.

Glucose metabolism
Apelin is produced in vitro by adipose tissue30 and influences
glucose and lipid metabolism as an adipocytokine. Exogenous
apelin reduces the peak plasma glucose concentration after
a glucose load by increasing glucose turnover,31 through insulin-
dependent and -independent pathways. Apelin-deficient animal
models have reduced insulin sensitivity and this can be corrected
by the administration of exogenous apelin.32 The effect of exog-
enous apelin on glucose handling in man is currently unknown.
However, increases in plasma apelin concentrations are seen
during oral glucose tolerance tests in healthy individuals.33

THE APELIN-APJ AND RENINeANGIOTENSIN SYSTEMS
Among the G-protein coupled receptors, APJ displays the closest
sequence homology to the angiotensin II type 1 (AT1) receptor
at around 50%, predominantly within the transmembrane
domains. Furthermore, similar patterns of tissue expression are
evident for both receptors.34 However, apelin mediates opposing
actions to angiotensin II on vascular tone, blood pressure and
fluid homoeostasis, suggesting a counter-regulatory role for

Figure 1 Physiological and
pathophysiological roles of apelin.
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apelin in relation to the renineangiotensin system. Indeed,
increasing evidence points to direct interactions between the
two systems at both molecular and transcriptional levels
(figure 2).

Apelin attenuates the vasoconstrictor effects of angiotensin II
through both nitric oxide-dependent and -independent path-
ways.35 36 In contrast, APJ-deficient mice exhibit an exaggerated
pressor response to exogenous angiotensin II.13 More recently,
Chun et al37 demonstrated physiological antagonism of angio-
tensin II signalling pathways by apelin including extracellular
signal-regulated kinase phosphorylation and activation of tran-
scriptional targets, such as nuclear factor-kB. Importantly, apelin
had no effect on the constitutive transcription of these targets
and functioned only to inhibit the actions of angiotensin II.

There appears to be a direct counter-regulation of the
apelineAPJ system by angiotensin II that extends to APJ
receptor and apelin gene expression. In rats, infusion of angio-
tensin II for 24 h, even at sub-pressor doses, reduces cardiac
apelin expression: an effect abolished by concurrent AT1
receptor blockade.38 In contrast, in hypertensive animal models
that have elevated AT1 receptor and reduced APJ receptor and
apelin concentrations, inhibition of AT1 receptor transcription
results in dose-dependent increases in APJ receptor and apelin
concentrations.39 This is accompanied by a reduction in blood
pressure that appears to be mediated by nitric oxide.

The AT1 and APJ receptors can form heterodimers (figure 2).37

This heterodimerisation has, as yet, only been observed in vitro
at high receptor densities and this may not accurately reflect the
in vivo situation in native tissues. Functionally the formation of
heterodimers influences downstream signalling and is indepen-
dent of apelin but promoted by angiotensin II. Thus, in addition
to suppressing apelin and APJ expression, it may be plausible
that by triggering formation of heterodimers, angiotensin II
serves to limit the number of APJ receptors available for acti-
vation by apelin.

In summary, there may be reciprocal counter-regulation
between the apelineAPJ and renineangiotensin systems. Given
that the apelineAPJ pathway appears to be inhibited by
angiotensin II, this raises the possibility of therapeutic syner-
gism by combining APJ receptor agonism with inhibition of the
renineangiotensin system.

APELIN-APJ SYSTEM: TRANSLATIONAL POTENTIAL IN
CLINICAL DISEASE
Heart failure
Data from apelin-deficient mice indicate that endogenous apelin
activity may help to maintain cardiac performance under
conditions of cardiovascular stress. However, the apelineAPJ
system appears to undergo downregulation in heart failure. In
an in vivo rodent model of hypertensive heart disease, expression
of cardiac apelin and APJ receptor is increased or maintained at
the stage of left ventricular hypertrophy but declines dramati-
cally with the transition to overt heart failure.38 Similar reduc-
tions in cardiac APJ expression are seen in other in vitro20 and in
vivo animal models of heart failure. In humans, cardiac APJ
expression is reduced in patients with chronic heart failure
secondary to dilated cardiomyopathy.9 Interestingly it is
preserved in those with an ischaemic aetiology,9 perhaps
reflecting the stimulatory effect of local hypoxia on APJ
expression.40e42 Several groups have also measured plasma
apelin concentrations in patients with heart failure. In general,
plasma apelin concentrations are maintained with mild to
moderate left ventricular impairment but reduced with severe
left ventricular impairment (see Japp and Newby43 for full
discussion). The apparent decline in apelineAPJ activity in
parallel with deteriorating cardiac performance suggests
a potential role for diminished apelin signalling in the patho-
physiology of heart failure. Strategies to augment apelin
signalling may therefore help to retard the progression of heart
failure. Significantly, in an isoproterenol-induced model of heart
failure, left ventricular dysfunction is partially rescued by
co-administration of apelin.44 Tentative evidence that alterations
in endogenous apelineAPJ activity may modulate the progres-
sion of human heart failure was recently provided in a cohort of
patients with dilated cardiomyopathy.45 In these patients,
possession of a polymorphism of the APJ receptor, 212A (the
biological significance of which is unknown), was associated
with slower progression of heart failure.
The unique haemodynamic profile of apelin in preclinical

models suggests potential therapeutic utility in patients with
established heart failure. Exogenous apelin potently enhances
myocardial contractility without inducing left ventricular
hypertrophy and achieves this while simultaneously reducing

Figure 2 Proposed cellular interaction
of the renineangiotensin and
apelineAPJ systems.
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ventricular preload and afterload. Crucially, the beneficial effects
of apelin on cardiac contractility and loading conditions are
maintained in preclinical models of heart failure. In vitro, apelin
increases contractility in the failing myocardium to the same2 or
greater24 extent as in the normal myocardium. In vivo, acute
apelin infusion restores ejection fraction, increases cardiac
output and reduces left ventricular end-diastolic pressure in rats
with chronic heart failure.42 46 Thus irrespective of alterations in
receptor expression, these studies confirm that the APJ signalling
capacity is not exhausted by endogenous apelin in established
heart failure: an essential prerequisite for therapeutic strategies
employing APJ agonism.

Preliminary data from clinical studies are encouraging. We
have recently demonstrated that the local vascular and systemic
haemodynamic effects of acute apelin infusion, including a rise
in cardiac output, are preserved in patients with stable chronic
heart failure.10 Importantly, these patients continued to receive
current optimal pharmacological treatment, suggesting that the
effects of apelin were additive to established heart failure
treatments. In particular, all but one of the patients were
receiving treatment with ACE inhibitor or angiotensin receptor
blocker treatment. Recent reports of direct interactions between
the renineangiotensin and apelineAPJ systems have raised the
possibility that some of the actions of apelin may be mediated
through antagonism of angiotensin II.37 However, our findings
imply a role for apelin that is independent of angiotensin II
signalling pathways, and suggest a potential for pharmacological
synergism through combined APJ agonism and renineangiotensin
system inhibition.

One further area of translational potential for apelin in heart
failure is as a biomarker. As discussed above, plasma apelin
concentrations appear to decrease in patients with advanced
chronic heart failure and this process may coincide with
a decline in cardiac performance. Although studies have reported
conflicting findings, some apparent discrepancies are likely to be
explained by marked differences in patient populations.43

Perhaps more importantly, there are significant concerns over the
currently available commercial assays for apelin and how this
has been used. Currently, there are no assays available to detect
all isoforms, such as (Pry1)apelin-13. Equally there is an apparent
lack of sensitivity and marked variation in measured concen-
trations with around 40-fold variation (90e3580 pg/ml)9 47

being reported among healthy control populations. However,
this is likely to reflect insufficient extraction of plasma proteins
in some studies, resulting in non-specific binding and reporting
of falsely elevated plasma apelin concentrations. These issues are
particularly important when assessing the potentially depressed
plasma apelin concentrations reported in patients with heart
failure. Interpretation is further complicated by an incomplete
understanding of factors regulating the synthesis, post-trans-
lational processing and metabolism of apelin.

The therapeutic potential of APJ agonism is an exciting area
for translational research in heart failure. Further studies in
animal models with predictable progression to heart failure
should help to determine the ability of APJ agonism to prevent
or delay decline in cardiac performance. Detailed clinical research
is currently limited by the lack of longacting orally active ther-
apeutic agents. While long-term APJ-apelin agonism may have
therapeutic potential in patients with chronic heart failure,
chronic dosing is not practicable or deliverable in the current
context of parenteral administration of apelin peptide. The
advent of oral APJ agonists will permit the further exploration of
potential interactions between the renineangiotensin and
apelineAPJ systems that will help to clarify the pathogenetic

significance of altered apelin signalling in heart failure and the
potential for therapeutic synergism with combined APJ agonism
and renineangiotensin inhibition. In addition, the effects of
sustained APJ agonism on cardiac contractility and systemic
haemodynamics require characterisation and are an essential
prerequisite for clinical trials in patients with acute decom-
pensated or chronic heart failure. Finally, longitudinal studies of
plasma apelin concentrations in patients with chronic heart
failure will help to determine the utility of apelin as a novel
biomarker. However, such studies are dependent on the devel-
opment of an assay that identifies all of the major apelin
isoforms.

Vascular disease
Apelin appears to have beneficial effects on vascular health. In
diabetic mice, it increases vascular nitric oxide generation and
reverses endothelial dysfunction.35 In ApoE-deficient mice,
apelin infusion inhibits atherogenesis and completely abrogates
angiotensin II-accelerated atherosclerosis, an effect that is inde-
pendent of blood pressure.37 Indeed, double knockout mice,
deficient in both apelin and ApoE, have accelerated atheroscle-
rosis in comparison with isolated ApoE-deficient mice. These
data imply an important anti-atherogenic role for endogenous
apelin, and a potential therapeutic benefit from exogenous apelin
in atherosclerosis.37 In contrast, one group has reported that
combined knockout of the APJ receptor and ApoE in mice
reduces atherosclerotic lesion formation,48 suggesting that APJ is
required for progression of atherosclerosis. These contrasting
findings are difficult to reconcile, although it is notable that
these studies used very different fat feeding regimens. Future
studies exploring the effects of pharmacological APJ antagonism
in ApoE-deficient mice may help to clarify the situation and
reveal if there are off-target genetic effects in one or other of the
models.
Recently, apelin treatment has reduced aneurysm formation

by almost 50% in a mouse model of elastase-induced abdominal
aortic aneurysms.49 Corresponding reductions in macrophage
infiltration within the arterial wall and local expression of
macrophage-colony stimulating factor (with strong trends
towards reductions in tumour necrosis factor a, interleukin 6
and other proinflammatory cytokines) suggest that the
predominant mechanism by which this occurs, is a direct anti-
inflammatory effect within the vessel wall.
The therapeutic potential of APJ agonism in human vascular

disease has yet to be explored. Apelin causes nitric oxide-medi-
ated vasodilatation in vivo in forearm resistance vessels of
healthy subjects11 but it is not yet known whether it reverses
the endothelial dysfunction seen in pathophysiological states
such as diabetes mellitus and hypercholesterolaemia. There is
also no direct evidence of an anti-atherogenic, anti-aneurysmal
or anti-inflammatory role for apelin in man. However, plasma
apelin concentrations are reduced in individuals with dyslipi-
daemia50 and coronary artery disease.51 Furthermore, reductions
in low-density lipoprotein cholesterol concentrations by dietary
or statin interventions are associated with an increase in plasma
apelin concentrations.52 Given the promising preclinical data,
the potential role of APJ agonism in preventing human vascular
disease now merits detailed investigation. However, while
studies have shown a predominant vasodilator action, vaso-
constriction to apelin has been seen in vessels denuded of
endothelium.8 This paradoxical vasoconstriction is in common
with other endothelium-dependent vasodilators, such as
acetylcholine, and this may have implications for the effects of
apelin in patients with vascular disease. Contrary to this
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possibility, we have recently shown that vasodilatation to apelin
is preserved in patients with heart failure.10

Myocardial infarction and ischaemiaereperfusion injury
Different models of myocardial ischaemia have been used to
assess changes in apelin expression, with hypoxia serving as
a key stimulus. There is a time-dependent upregulation of apelin
in cardiomyocytes maintained at low oxygen tensions that is
under the control of hypoxia inducible factor 1a.53 In Langen-
dorff models of myocardial infarction and ischae-
miaereperfusion, both APJ and apelin are upregulated,41 54

especially at the watershed areas of the infarct zone.40 This
upregulation has been reported to return rapidly to baseline
following reperfusion54 or to persist for up to 12 weeks.40 The
factors involved in maintaining upregulation are important to
determine as this could serve to prolong the beneficial actions of
apelin and may be of therapeutic benefit.

While it is plausible that the main purpose of apelineAPJ
upregulation during acute myocardial infarction is to prevent
haemodynamic compromise by enhancing coronary blood flow
and contractility, there is evidence that apelin acts as a cardio-
protective agent to reduce the extent of infarction.55 Restoration
of blood flow is a critical step in the resolution of myocardial
infarction but reperfusion does cause further damage to the
myocardium and vasculature through ischaemiaereperfusion
injury. The factors involved in mediating this injury include ATP
depletion and mitochondrial dysfunction, reactive oxygen
species and inflammation. One of the key mechanisms that
protects against this injury is the activation of salvage kina-
sesdnotably, the reperfusion injury salvage kinase (RISK)
pathway. This pro-survival pathway reduces ischae-
miaereperfusion injury by preserving mitochondrial function.
Apelin increases both phosphorylation and activity of key
components within the RISK pathway.56 One of the hallmarks
of mitochondrial dysfunction is the opening of mitochondrial
permeability transition pores (mPTP), causing loss of membrane
integrity and energy production. Apelin delays mPTP opening
and preserves cell structure and reduces myocardial damage.55

In the presence of inhibitors of the RISK pathway, apelin
continues to have cardioprotective effects,54 suggesting alterna-
tive mechanisms of action. Indeed, during ischae-
miaereperfusion injury, apelin increases endothelial nitric oxide
synthase expression and reduces oxidative stress by preventing
superoxide dismutase degradation.41 Apelin also reduces gener-
ation of reactive oxygen species during catecholamine-induced
myocardial damage.44 Functionally, these protective effects
translate into reductions in markers of tissue damage, decreased
infarct volume and preservation of ventricular function.41

These studies highlight apelin as a protective agent against
myocardial injury, although data are as yet limited to preclinical
studies. There are obvious boundaries making preconditioning
agents difficult to implement in clinical practice, but APJ agonism
may have a therapeutic role in patients following an acute
myocardial infarction with potential benefits in both restoring or
maintaining left ventricular function and improving survival.

Hypertension
APJ agonists represent a potentially novel class of anti-hyper-
tensive agents. In preclinical models, exogenous apelin admin-
istration lowers blood pressure through peripheral
vasodilatation. The depressor effect of apelin is greatly enhanced
in hypertensive animals compared with normotensive controls
with reductions in mean arterial pressure of up to 60% seen in
the spontaneously hypertensive rat.16 In our preliminary clinical

studies, systemic apelin infusion had a modest blood pressure
lowering effect in normotensive middle-aged subjects.10 Given
the apparent suppression of APJ receptor expression by angio-
tensin II, the anti-hypertensive effect of APJ agonism may be
enhanced by concomitant treatment with agents that inhibit
the renineangiotensin system.

Metabolic syndrome
Apelin is produced by adipose tissue and influences glucose and
lipid metabolism as an adipocytokine. Apelin-deficient animal
models have reduced insulin sensitivity and this can be corrected
by the administration of exogenous apelin.32 Conversely, exoge-
nous apelin reduces the peak plasma glucose concentration
following a glucose load by increasing glucose turnover,31 and this
effect is preserved in insulin-resistant animal strains.31 The exact
cellular mechanisms leading to increased glucose uptake are
incompletely understood. Apelin increases glucose uptake
through phosphorylation of components of insulin-dependent
pathways, such as Akt, although increased glucose uptake is still
observed in the presence of inhibition of this pathway suggesting
both insulin-dependent and -independent pathways.32

The effect of exogenous apelin on glucose handling in man is
currently unknown. However, increases in plasma apelin
concentrations are seen during oral glucose tolerance tests in
healthy individuals, and those with insulin resistance or type 2
diabetes mellitus.33 Interestingly, plasma apelin concentrations
are reduced in patients with newly diagnosed type 2 diabetes
mellitus57 but increased in obese non-diabetic individuals.30 This
may suggest that the initial increase in apelin seen in obesity
serves to delay the development of type 2 diabetes mellitus by
preserving glycaemic control.
APJ agonism may offer therapeutic potential in the treatment

of the metabolic syndrome and diabetes mellitus, and may
provide benefit beyond glycaemic control in view of the inter-
action with the renineangiotensin system. All functional data
are limited to preclinical models, and while the observational
data are in keeping with a role in glucose homoeostasis, the
effect of APJ agonism needs to be assessed in vivo in man. Apelin
also has the potential to increase gastric acid secretion58 and
may represent an important side effect that could have impli-
cations for its tolerability in all patients as well as those with the
metabolic syndrome.

CONCLUSIONS
Both preclinical and emerging clinical studies suggest an
important role for apelin in health and disease. However, the
contribution of apelin to the pathophysiology of cardiovascular
diseases needs to be more fully characterised and better defined.
Therapeutic manipulation of the apelineAPJ system represents
a novel and potentially exciting therapeutic target especially in
heart failure, vascular disease, myocardial ischaemia and the
metabolic syndrome.
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