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Cardiac natriuretic peptides (NPs), atrial NP (ANP) and B-type NP (BNP) are true hormones produced and released by
cardiomyocytes, exerting several systemic effects. Together with C-type NP (CNP), mainly expressed by endothelial cells,
they also exert several paracrine and autocrine activities on the heart itself, contributing to cardiovascular (CV) health.
NPs prevent cardiac hypertrophy, fibrosis, arrhythmias and cardiomyopathies, counteracting the development and
progression of heart failure (HF). Moreover, some studies revealed that a protein structurally similar to NPs mainly
produced by skeletal muscles and osteoblasts called musclin/osteocrin is able to interact with the NPs clearance receptor,
attenuating cardiac dysfunction and myocardial fibrosis and promoting heart protection during pathological overload.
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| 1. Introduction

Diseases of the heart and cardiovascular (CV) system are the main cause of disability and death worldwide. Several CV
risk factors and conditions, such as hypertension, dyslipidemia, obesity and insulin resistance, lead to multiple organ
damage. Together with the involvement of the small and large arterial vessels, these risk factors and conditions affect the
heart through increased heart afterload, perivascular myocardial fibrosis, left ventricular remodeling and hypertrophy
(LVH), myocardial ischemia and necrosis, leading to heart failure (HF) W&, How can the heart defend itself from these
common causative factors of myocardial damage?

In recent decades, evidence from multiple research groups has emphasized the crucial protective role of the natriuretic
peptides (NPs) expressed by the heart BI4IEIBIZIE! Atrial NP (ANP) and brain (or B-type) NP (BNP) are true hormones
produced and released by cardiomyocytes, exerting systemic effects that range from blood pressure (BP) regulation to
both glucose and lipid metabolism, with a wide spectrum of cardio-metabolic properties, including vasodilation, natriuresis
and inhibition of the renin—angiotensin—aldosterone system (RAAS), as well as lipid mobilization and oxidation, adipocyte
browning and improved insulin sensitivity Q2L On the other hand, they also act locally on the heart, exerting both
paracrine and autocrine activities, mainly preventing hypertrophy, fibrosis, arrhythmias and cardiomyopathies,
counteracting the development and progression of HF [EI[LZI[13][14]

2. Cardiac Natriuretic Peptides, Their Receptors and Metabolism: A Long
History Made Short

Cardiac NPs are synthesized as precursor proteins (inactive preprohormones), undergo intracellular modification to
prohormones (pro-ANP and pro-BNP) and are subsequently cleaved in their active forms 2268l pro-ANP is mainly
expressed by atrial tissue under physiological conditions. Pro-ANP is stored in secretory granules, mainly of
cardiomyocytes, and cleaved into the 28 amino acid biologically active hormone (ANP) and the 98 amino acid N-terminal
fragment (NT-proANP) by corin, a transmembrane serine protease, whose loss of function leads to a disease phenotype
characterized by high BP with reduced ANP activity, in addition to contributing to the pathogenesis of HF 118l pro-BNP
is synthesized mainly by ventricular myocytes; instead of being stored, it is produced and secreted in bursts. Whereas
activation of pro-ANP occurs on the cell surface during secretion, pro-BNP is cleaved into the 32 amino acid active
hormone (BNP) and the 76 amino acid N-terminal fragment (NT-proBNP) inside the cells by furin, an intracellular serine
endopeptidase, and secreted in cleaved forms 2224, The expression and release of both ANP and BNP occurs in
response to wall hemodynamic stress resulting from increased extracellular volume and cardiac transmural pressure in a
context of augmented cardiac mechanical stress, such as in HF or myocardial ischemia 21, Moreover, ANP is also
released in response to elevated concentrations of sodium [22.



In addition to cardiac NPs (ANP and BNP), a third actor exists, the C-type natriuretic peptide (CNP), which has no
natriuretic properties and is mostly produced by vascular cells 23, There are three subtypes of NPs receptors: NP
receptor A (NPR-A), also called GC-A; NP receptor B (NPR-B), also called GC-B; and NP receptor C (NPR-C). Both NPR-
A and NPR-B are transmembrane receptors with guanylyl cyclase (GC) activity; NPR-A is the principal receptor for ANP
and BNP, whereas NPR-B has high affinity for CNP [24. Binding of ANP and BNP to NPR-A induces intracellular
generation of the second messenger cyclic guanosine monophosphate (cGMP) which, in its downstream cascade,
activates multiple targets, including cGMP-dependent protein kinases (PKGs), cGMP-gated ion channels and cGMP-
regulated cyclic nucleotide phosphodiesterases. These mediators account most of the biological effects of NPs . NPR-A
is widely expressed in many tissues, especially in the vasculature, heart, adipose tissue, kidneys, lungs, adrenal glands,
brain and liver 2328 \whereas NPR-B is expressed mostly in bone and fibroblasts [Z. The third receptor, NPR-C, exhibits
no GC activity, resulting mainly a clearance receptor for cardiac NPs by incorporating them into cells for subsequent
lysosomal breakdown 24, NPR-C is also able to couple with inhibitory G proteins (Gi), causing inhibition of adenylyl
cyclase and activation of phospholipase-C, providing some direct signaling functions that might contribute to effects in
cardiac tissue (28129 NPR-C is highly expressed in endothelial cells B9, in addition to adipose tissue and kidneys, and
binds all NPs, although the binding affinity is higher for ANP and CNP than for BNP, resulting in a longer plasma half-life of
BNP compared to ANP Bl Cardiac NPs are also silenced as a result of enzymatic degradation by neprilysin (NEP), a
ubiquitous zinc-dependent membrane metalloendopeptidase that is expressed mainly in smooth muscle cells, endothelial
cells, cardiac myocytes, fibroblasts and kidneys 2.

In this context, musclin, also called osteocrin (OSTN) because it was originally identified as a secretory peptide from
muscle and bone 3334 has become increasingly relevant in recent years 5. The preprocessed mature form of mouse
OSTN consists of 130 amino acids. Its carboxy terminus contains tandem NP-like sequences separated by polybasic
amino acids that are presumably cleaved by peptidases [28l,

Therefore, musclin can be considered a member of the NPs family without the “ring”, the common feature of ANP, BNP
and CNP, and is mainly produced by skeletal muscles and osteoblasts B3I34 |t was also found to be expressed in the
cardiomyocytes of animal models, and it is regulated by several conditions and molecules, such as physical activity,
nutritional changes and fasting, hormones (especially insulin) and adiposity B3I3738]  ajthough no direct evidence is
currently available concerning the human heart. The main recent discovery is that this peptide binds NPR-C competitively
and efficaciously inhibits NPR-C-mediated NPs degradation, therefore increasing NPs levels, with a consequent reduction
in blood pressure and enhanced protective activities in many tissues, including the heart B8, In skeletal muscle, musclin
improves insulin-dependent glucose metabolism and enhances physical endurance by promoting mitochondrial
biogenesis through NPs-induced cGMP production as a result of NPR-C blockade B8I39. Musclin treatment prevents the
worsening of congestive HF after myocardial infarction and doxorubicin-induced cardiotoxicity 9 in animal models.
Musclin, by binding NPR-C and increasing ANP and CNP concentrations, leads to a consequent reduction in heart and
lung weights, as well as reduced cardiac fibrosis [28l. Moreover, a recently published study showed that skeletal-muscle-
derived musclin protects the heart during pathological overload 23, Musclin was found to attenuate cardiac dysfunction
and myocardial fibrosis by augmenting the CNP/NPR-B-stimulated crosstalk of cGMP and cAMP in cardiomyocytes and
by inhibiting p38 MAP kinase (MAPK) signaling through the activation of PKG in cardiac fibroblasts. Furthermore, while
musclin mRNA levels in skeletal muscle were increased by physical activity, on the contrary, they are markedly
downregulated in biopsies from patients suffering from HF with sarcopenia or cachexia 2. This evidence suggests that
musclin could act as a possible bridge between sarcopenia and cachexia, which are highly prevalent in advanced states
of HF 41 as well as the progression of HF itself. It could represent the biological basis of the vicious circle between
reduced physical activity, reduced muscle mass and HF in older patients. Overall, these important recent findings highlight
the critical role of NPR-C and its interaction with musclin in reducing the protecting activities of NPs in HF patients,
suggesting possible new clinical therapeutic targets for this condition.
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