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This editorial refers to ‘C-type natriuretic peptide and natriu-

retic peptide receptor NPR-B signalling inhibits cardiac sym-

pathetic neurotransmission and autonomic function’ by J.

Buttgereit et al., pp. 637–644.

Natriuretic peptides (NPs) are a family of secretory peptides that have in
common a ringed amino-acid structure linked by disulphide bonds1 which
signal via NP receptors (NPRs). Three primary members have been iden-
tified: atrial NP (ANP), brain-derived NP (BNP), and C-type NP (CNP),
but there is a closely related forth peptide Dendroaspis NP (DNP). ANP
and BNP are elevated by atrial stretch; ventricular stretch or stress ele-
vates BNP levels; and all NPs are increased in heart failure (HF). The
NPRs are particulate guanylyl-cyclase-coupled receptors which stimulate
production of cGMP. Of the seven NPR isoforms known to exist, the
majority of NP physiological actions are mediated via NPR-A and -B,
while NPR-C mediates NP degradation. ANP, BNP, and DNP activate
NP receptor A (NPR-A), which increases natriuresis and vasodilation. In
contrast, CNP specifically activates NPR-B and does not possess the
potent diuretic actions of the other NPs.

Although extensive studies have been performed on BNP in the context
of HF, where it has been utilized both as a diagnostic and as a potential
therapeutic tool,2 newer data implicate the peptide in modulating peripheral
autonomic neurotransmission. BNP activation of NPR-A inhibits neurotrans-
mission from sympathetic neurons by decreasing the magnitude of
intracellular calcium transients, and impairing neurotransmitter release.3

Phosphodiesterase-2A (PDE2A) levels act as an intracellular switch in this
process permitting or preventing the effect of BNP on neurotransmission.
CNP, which is present in endothelial cells and ventricular myocardium, is
also abundant in the nervous system. CNP levels increase in HF, similar to
ANP and BNP, but its physiological relevance has not been well understood.

In this issue of the journal Buttgereit et al.4 extend our understanding of
the physiological roles played by CNP, using a rat model overexpressing a
neuron-specific dominant negative form of NPR-B. The authors show that
inhibition of NPR-B signalling results in sympathoexcitation, analogous to
the physiological effect of blocking NPR-A signalling. The heightened sym-
pathetic transmission causes hypertension, tachycardia, and a decrease in
heart rate variability. Rats with impaired NPR-B signalling also develop left
ventricular dysfunction, likely mediated by excessive sympathoexcitation,
analogous to what is clinically observed as Tako-Tsubo syndrome.

The authors show in an ex vivo prep that CNP decreases the tachycardia
response to nerve stimulation, but not to direct norepinephrine exposure.
This suggests that CNP modulates heart rate indirectly via sympathetic
innervation rather than a direct effect on the SA node. This is confirmed
ex vivo by experiments showing that CNP decreases neuronal calcium
transients and impairs the release of norepinephrine, and in vivo by studies
showing that the centrally acting sympatholytic agent clonidine attenuates
the hypertension and tachycardia seen in NPR-B transgenic mice. These
experiments provide a clear physiological role for CNP in mitigating sym-
pathetic neurotransmission, with direct implications for pathophysiological
states such as HF (Figure 1).

The rise in CNP levels in HF could act as a ‘check’ to balance sympa-
thoexcitation and intra- and extra-cardiac neural remodelling driven by a
number of mechanisms including spinal and renal afferent activation5,6. For
instance, CNP exerts protective effects against angiotensin-mediated
adverse cardiac remodelling in mice.7 Further, since it is known that there
is a loss of central parasympathetic drive during HF; unchecked sympa-
thoexcitation can be particularly deleterious, resulting in arrhythmias and
further pump dysfunction. CNP (along with BNP) may serve in this
capacity, acting as a component of the endogenous mechanisms in place
to oppose chronic sympathetic activation. At doses in the pathophysio-
logic range, CNP does not have diuretic or natriuretic effects in normal
patients8,9, while other studies also suggest that vasodepressor and natriu-
retic activity of CNP is weaker than ANP.10 These studies did not assess
biomarkers of sympathetic neurotransmission to determine whether
CNP-modulated sympathetic signalling, however, they emphasize that the
primary action of CNP may be geared towards preventing sympathetic
neuron hyperactivity as suggested by this study and others,4,11 and to facili-
tate vagal neurotransmission as previously shown.12

Although elucidating key mechanisms for CNP-mediated modulation
of sympathetic neurotransmission furthers our understanding of NPs as
a family, some important considerations are raised regarding what
occurs in pathology. Despite the beneficial role that CNP may potentially
play in HF, is signalling via the NPR-B receptor also ‘gated’ by PDE2A lev-
els, as was demonstrated for BNP?3 This key question is underscored by
the failure of Nesiritide in large clinical trials in the face of promising
smaller initial trials,2 which may be explained by this ‘brake’. This may
limit any therapeutic potential of CNP, and may even suggest that CNP
is merely a marker of the HF state, with no significant activity when
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..PDE2A levels are high. While the actions of CNP predominate via NPR-
B, opposing actions may be elicited by binding to NPR-C,13 at least in car-
diomyocytes, likely due to degradation of the peptide. Whether and
how NPR isoforms are altered in neurons and in myocytes in HF and
other pathologic conditions remain unknown.

Thus, while these novel data may potentially identify a new target for
sympathetic modulation, characterization of CNP-stimulated NPR-B sig-
nalling in pathological states is needed before the potential diagnostic
and therapeutic implications can be fully appreciated. The slow pace of
developing novel HF therapies available to patients highlights the need
for novel pathways that have therapeutic potential, which may extend
beyond HF to other cardiovascular diseases. The present study by
Buttgereit et al.4 and that of Li et al.3 suggest a back to the ‘A B C’s’ is
needed on NP signalling in physiologic and pathophysiologic conditions,
and highlights the need for further research in this area.
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CNP to reduce neurotransmitter release is diminished due to PDE2-mediated degradation of cGMP into 5’GMP.
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