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C-type natriuretic peptide: the heart’s

guardian angel
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This editorial refers to ‘C-type natriuretic peptide

co-ordinates cardiac structure and function’†, by A.J. Moyes

et al., on page 1006.

Heart failure (HF) is a growing pandemic and remains one of the lead-
ing causes of morbidity and mortality in the USA and worldwide.1

A hallmark in the development and progression of HF is cardiac
remodelling which includes cardiomyocyte hypertrophy and apop-
tosis, vascular rarefaction and dysfunction, and the formation of inter-
stitial fibrosis.2 Despite improvements in therapies that target cardiac
remodelling, such as renin–angiotensin–aldosterone system (RAAS)
blockade and dual RAAS and neprilysin inhibition (via sacubitril–val-
sartan), in many instances, pathological cardiac remodelling and HF
progression remain unabated. This suggests the unmet clinical need
to understand the mechanisms of cardiac remodelling and to dis-
cover novel cardiac anti-remodelling therapies to alleviate the grow-
ing burden of HF.

Numerous studies have clearly demonstrated that the heart func-
tions beyond a pump, and is also a remarkable endocrine organ that
fine-tunes the body’s ability to regulate blood pressure, fluid volume,
and water and salt balance, and to maintain cardiac structure and
function.3 This cardiovascular homeostasis is achieved, in part,
through the natriuretic peptide (NP) family, which is comprised of
three structurally conserved peptides, atrial, B-type, and C-type NP
(ANP, BNP, and CNP, respectively).4 Traditionally, ANP and BNP
have been thought to mediate the balance in cardiovascular homeo-
stasis and cardioprotection via the activation of the particulate gua-
nylyl cyclase receptor A (GC-A, also known as NPR-A) and the
generation of its second messenger, cGMP. However, it is now rec-
ognized that CNP is also a key hormone that possesses anti-fibrotic,
anti-hypertrophic, anti-atherogenic, anti-inflammatory, and vasore-
laxing properties.5,6 The majority of these cardiovascular protective
properties assigned to CNP have been reported to be mediated by

the particulate guanylyl cyclase receptor B (GC-B, also known as
NPR-B) and cGMP signalling. Intriguingly, some of the favourable
actions of CNP, particularly in the vasculature, involve a non-cGMP
pathway via the NP clearance receptor, NPRC,7–9 which generally
has been thought to be the receptor responsible for clearing and
breaking down NPs.

In the current issue of the European Heart Journal, Moyes and col-
leagues present provocative new data that broaden our understand-
ing of the invaluable role of CNP in regulating cardiac structure and
function, with a special focus on NPRC (see Take home figure).10

These investigators performed a comprehensive series of experi-
ments that span in vitro cell-based systems, in vivo models of HF (i.e
pressure overload and sympathetic hyperactivation), ex vivo investiga-
tions of ischaemia/reperfusion (I/R) injury, and coronary reactivity, as
well as gene and protein expression studies in human HF tissue, to
provide novel evidence of the cardioprotective actions of CNP.
Using various unique transgenic mouse lines that either expressed
cell-specific (i.e. endothelial, cardiomyocyte, or fibroblast) deletion of
CNP or global knockout of CNP’s cognate receptors, NPR-B or
NPRC, the investigators report that under basal, non-stress condi-
tions, none of the three cell-specific deletions of CNP nor global
NPRC or NPR-B deletion led to significant changes in cardiac struc-
ture or systolic function. However, under pathophysiological condi-
tions induced by abdominal aortic constriction (AAC) pressure
overload, both cardiomyocyte- and fibroblast-specific deletion of
CNP had a deleterious effect, with greater reduction in ejection frac-
tion (EF), greater left ventricular (LV) dilatation, and increased cardiac
fibrosis and hypertrophy. Further, these detrimental cardiac struc-
tural and functional indices were mimicked in a second pre-clinical
model of HF by isoprelanine-induced sympathetic hyperactivation in
mice with cardiomyocyte-specific deletion of CNP. It is tempting to
speculate that the mice with fibroblast-specific deletion of CNP
would have exhibited a similar outcome due to sympathetic
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hyperactivation; however, this was not investigated in the current
study. Furthermore, mice with endothelial cell-restricted deletion of
CNP or wild-type mice treated with a nitric oxide synthase (NOS) in-
hibitor and CNP (vs. NOS inhibitor alone) did not exhibit a worse
cardiac phenotype when stressed with pressure overload. These
data are highly supportive of the importance of cardiomyocyte- and
fibroblast-derived, and not endothelial cell-derived, CNP in maintain-
ing cardiac structural integrity and function which are NOS independ-
ent. Such observations markedly extend our understanding of the
biology of CNP beyond the endothelial cell in the heart. Interestingly,
the adverse cardiac structural and functional effects observed due to
the cardiomyocyte- and fibroblast-specific deletion of CNP following
pressure overload were also seen in global NPRC knockout mice.
Importantly, in the NPRC knockout mice, the adverse phenotype
related to fibrosis and myocardial function could not be rescued with
chronic subcutaneous (via osmotic mini-pump) therapy of CNP.
With these data to hand, the investigators make a compelling argu-
ment that CNP/NPRC signalling mediates the cardioprotection seen
in the current studies. This is supported, in part, by the intriguing find-
ings that isoprelanine-induced sympathetic hyperactivation in the glo-
bal NPR-B (the classical functional receptor for CNP signalling)
knock out mice did not have an adverse effect on systolic function or
cardiac remodelling as seen in mice with cardiomyocyte-specific dele-
tion of CNP. It is worthwhile to note, due to the characteristics of
the global NPR-B deletion, that include early death, long-term investi-
gations of cardiac structure and function are challenging, and in-depth
interrogation of the cardiac phenotype under pathophysiological
conditions in cardiomyocyte- and fibroblast-specific deletion of
NPR-B are worthy of future studies. Indeed, an elegant study by
Langenickel and co-workers11 demonstrated exaggerated LV hyper-
trophic response in dominant-negative NPR-B mutant transgenic rats
with HF, thus providing evidence that the anti-hypertrophic actions
of CNP may involve redundancy with the involvement of both NPRC
and NPR-B. Regardless, the fact that up-regulation of well-established
hypertrophic markers and pro-fibrotic genes, such as ANP, b-MHC,
Col1A1, TGF-b, and fibronectin, and down-regulation of SERCA-2 in
cardiomyocyte- and fibroblast-specific deletion of CNP and global

NPRC knockout mice provide additional validation of molecular
mechanisms that may mediate the favourable CNP/NPRC anti-
remodelling effects on the heart.

To support the role of the CNP/NPRC pathway in HF further, the
investigators performed an elegant analysis of CNP, NPR-B, and
NPRC expression in human HF ventricular tissue as well as in pre-
clinical HF-induced AAC, and determined that CNP is down-regu-
lated and NPRC is up-regulated in both pre-clinical and clinical HF,
with no significant difference in NPR-B expression. Their findings
with regards to CNP and NPRC in human HF are consistent with
studies by Ichiki and colleagues;12 however, they differ in regards to
NPR-B expression which was increased in the latter study.
Moreover, while endothelium-derived CNP deletion did not develop
pressure overload-induced cardiac structural and functional abnor-
malities, it did impair responsiveness to endothelium-dependent vas-
odilators and shear stress in the coronary vasculature in an ex vivo
Langendorff setting. These data thus support an important role for
endothelial cell-derived CNP in maintaining coronary vascular
homeostasis, which appears to be regulated via NPRC given that cor-
onary endothelium-dependent vasoreactivity and responsiveness
were dampened with exogenous treatment of CNP in hearts from
global NPRC knockout mice. To add to the complexity of the CNP
system in anti-remodelling effects within the heart, mice with cardio-
myocyte-specific deletion of CNP or global NPRC knockout had
greater infarct size and extended LV functional impairment following
I/R injury ex vivo, which was unexpectedly not observed in endothelial
cell-specific CNP-disrupted mice.

The investigators are to be commended on this important work,
which extends the mounting evidence of CNP’s cardioprotective
role within the heart, which has historically been underappreciated.
As with all studies, this fascinating report raises new questions for the
future. It would also be of interest to further tease apart commonal-
ities or uniqueness of NPR-B and NPRC in the heart under physio-
logical and pathophysiological conditions in various species, to
confirm and extend the current findings. Such studies should be per-
formed in vivo, with and without exogenous CNP treatment as well
as with an NPR-A-activating comparator such as ANP, in cell-specific
deletion of NPR-B which would hopefully overcome the limitation of
early death and dwarfism seen with global NPR-B knockout. In add-
ition, measuring plasma and tissue cGMP (the second messenger of
NPR-B/-A activation) is needed to help understand the role of
NPRC, or lack of NPR-B/-A activation, in mediating the beneficial
effects of CNP on cardiac structure and function. It is also important
to examine the CNP/NPRC and CNP/NPRB/cGMP systems in HF
(large and small animal) models of reduced and preserved EF and/or
in human cell lines using gene silencing techniques (as an example) to
support these outstanding studies. Further, it would be of benefit
to establish the downstream mechanisms of CNP/NPRC signalling to
enhance our understanding of novel pathways mediating cardiac pro-
tection with CNP. Lastly, if NPRC functions beyond a clearance
receptor, it would be helpful to define the physiological and patho-
physiological triggers or mechanisms that switch the balance of
NPRC from being a clearing receptor to a signalling receptor.

The biology of the CNP system in the cardiovascular arena is com-
plex; however, it is becoming increasingly evident that CNP is a vital
hormone that mediates favourable cardioprotective actions. What is

Normal Cardiac Remodeling and HF

Physiologic Actions
of CNP/NPR-B/NPRC

Coronary 
Vasodilation

Inhibition of Cardiomyocyte Hypertrophy
Suppression of Fibrosis

Protective Actions of
CNP/NPR-B/NPRC

Take home figure The protective role of CNP/NPR-B/
NPRC.
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.unequivocally clear, and highly supported by this sophisticated study
by Moyes and co-workers, is that a CNP deficiency has deleterious
effects on cardiac structure and function in pathophysiological set-
tings such as pressure overload as seen with HF. The clinical thera-
peutic implications of the current study are most important for the
development of innovative CNP-based/NPR-B/NPRC therapies,
which is also supported by other pre-clinical and translational studies
in myocardial infarction, HF, atrial fibrosis/fibrillation, and hyperten-
sion.9,13–15

There is no doubt that we are only at the beginning of a new era
regarding CNP biology. Certainly, unravelling the intricate mecha-
nisms of CNP signalling is of utmost importance to facilitate the devel-
opment of new therapies targeting cardiac remodelling and HF. With
future prospective studies, innovative CNP-based drugs may offer a
unique therapeutic and efficacious strategy to curb the growing chal-
lenge of preventing adverse pathological cardiac remodelling and HF.
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