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The heart has long been considered a pumping organ, consisting of muscles. There-
fore, when it was discovered that the heart secretes hormones, scientists and doctors
around the world received this fact with great surprise. About 40 years have passed since
the atrial natriuretic peptide (ANP), the first cardiac peptide, was discovered [1]. Subse-
quently, the brain natriuretic peptide (BNP) and C-type natriuretic peptide (CNP) were
discovered, and natriuretic peptide receptor-A (NPR-A), NPR-B, and NPR-C receptors
were also identified [2]. Because the guanylate cyclase domain is not coupled to NPR-C,
it has long been recognized as a clearance receptor; however, recent studies have shown
that Gi protein is coupled to NPR-C and that it exerts various biological effects [3]. A new
ligand for NPR-C, osteocrin, was also discovered from bone [4], and a recent study
showed that osteocrin had an important role in suppressing the progression of heart fail-
ure by inhibiting NPR-C [5]. Plasma BNP level is increased according to the severity of
heart failure, and guidelines worldwide recommend use of BNP in the diagnosis of heart
failure. In addition, recombinant ANP and BNP are effective in improving the hemody-
namics of heart failure and have been used in the treatment of acute decompensated heart
failure [6]. Recently, an angiotensin receptor and neprilysin inhibitor (ARNI) has been
found to be more effective in treating chronic heart failure patients compared with an
angiotensin-converting enzyme inhibitor [7]. ANP and CNP are well degraded by nepri-
lysin, while the substrate specificity of BNP is low [8]. Whether BNP can be used as a
biomarker for heart failure when using ARNI is currently being debated.

Endothelin was discovered in 1988 as a potent vasoconstriction and pressor peptide
isolated from the culture supernatant of porcine aortic endothelial cells [9]. Many studies
have shown that endogenous endothelin is involved in the progression of various cardi-
ovascular diseases, and as a result, a variety of endothelin antagonists have been devel-
oped [10]. Several studies showed that experimentally, endothelin antagonist is a very
effective drug in the treatment of heart failure, but clinical trials have failed to improve
mortality or heart failure hospitalization rates in heart failure patients [10]. However, en-
dothelin receptor antagonists have been shown to be effective in treating pulmonary ar-
terial hypertension, and current guidelines approved the use of endothelin antagonists in
the treatment of pulmonary arterial hypertension [11].

Adrenomedullin is a potent vasodilator peptide which consists of 52 amino acids,
originally discovered in human pheochromocytoma tissue [12]. Subsequent studies
showed adrenomedullin was highly expressed in heart tissue, and adrenomedullin has
the inhibitory effect of proliferation and collagen production in fibroblasts and cardiac
hypertrophy in myocytes, and it also has a positive inotropic effect [13]. Highly expressed
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cardiac adrenomedullin in heart failure may regulate cardiac function and cardiac hyper-
trophy [13]. In addition, several studies showed that the intravenous administration of
adrenomedullin to patients with heart failure improved hemodynamics in heart failure
[14]. The adrenomedullin receptor is formed by a complex of seven-transmembrane calci-
tonin receptor-like receptor (CRL) and single-transmembrane receptor activity modifying
protein (RAMP) 2, and the type of RAMP forms its ligand selectivity. For example,
RAMP2/CRL and RAMP3/CRL are receptors for adrenomedullin and adrenomedullin 2,
while RAMP1/CLR forms a receptor for the calcitonin gene-related peptide. When cardiac
myocyte-specific RAMP2 deletion was induced, mice exhibited dilated cardiomyopathy-
like heart failure with cardiac dilatation and myofibril disruption, supporting the hypoth-
esis that increased cardiac adrenomedullin in heart failure may compensate for a failing
heart [15].

Ghrelin was discovered in the stomach of rats in 1999 as an endogenous ligand for
growth hormone secretagogues receptor (GHS-R) [16]. Ghrelin exerts its potent growth-
hormone-releasing and orexigenic activities by binding to specific receptors in the hypo-
thalamus. However, subsequent studies demonstrated that ghrelin has a cardiovascular
function [17]. Indeed, the chronic administration of ghrelin improved cardiac function and
left ventricular remodeling in a rat model of chronic heart failure induced by myocardial
infarction. Moreover, the long-term administration of ghrelin improves LV function, ex-
ercise capacity, and muscle wastage in patients with heart failure [18].

Cholecystokinin (CCK), a gut-brain peptide, is expressed at the mRNA and protein
levels in both atrial and ventricular myocytes. Interestingly, the post-translational pro-
cessing of proCCK in myocytes is substantially different from intestinal and cerebral CCK
peptides. The analysis of extracts of porcine cardiac tissue by specific proCCK radioim-
munoassays showed that cardiac proCCK expression shifted from the right atrium in
newborn piglets to include the left atrium in adolescent pigs [19]. The plasma proCCK
level is increased during exercise in parallel with proBNP. Furthermore, the plasma
proCCK level —but not the CCK level —is increased in severe heart failure patients.

Apelin is an endogenous peptide ligand for the APJ receptor, which is widely ex-
pressed in the human body. The apelin/AP] system exerts various physiological functions,
including vasodilation, inotropic effects, heart development, the control of fluid homeo-
stasis, and obesity. Both apelin and angiotensin II are substrates for angiotensin-convert-
ing enzyme 2 (ACE2), which degrades peptides and thus negatively regulates their ago-
nistic activities. In addition, endogenous apelin negatively regulates the renin-angioten-
sin system via the upregulation of ACE2 [20]. Furthermore, a second ligand for the APJ
receptor, elabela, was identified as an essential hormone for heart development, and it has
been reported to have physiological effects similar to apelin [21]. As apelin has both ino-
tropic and cardioprotective effects in heart failure, further research regarding apelin/ela-
bela systems may encourage therapeutic applications of these peptides.

For a long time, the heart has been considered to be an organ that pumps blood to
the whole body. However, the discovery of ANP also revealed that the heart has the prop-
erty of an endocrine organ, and subsequent studies demonstrated that the heart secretes
a lot of cardiac peptides. Thus, the mammalian heart is by now an established endocrine
organ, which secretes a variety of cardiac peptides. The heart not only secretes various
cardiac peptides but is also a target organ expressing receptors for these cardiac peptides.
It has been elucidated that these cardiac peptides play an important role in the pathophys-
iology of heart failure, and several of them indeed have been clinically applied. In addi-
tion, new findings regarding cardiac peptides are still being reported. The presentation of
ongoing research regarding cardiac peptides is one of the main objectives of this Special
Issue of Biology. Ilook forward to receiving your research and review articles.
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