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In 1985 a seminal article by Lang et al. [1] was published in Nature. It described an atrial factor,
which is secreted in response to volume load. This changed the concept of heart from being just a
pump to also being an endocrine organ. The finding of atrial natriuretic peptide (ANP = ANF, atrial
natriuretic factor) was followed by the discovery of other cardiac peptides such as brain-type cardiac
peptide (BNP), which instead of atria is mainly secreted by ventricles, and C-type cardiac peptide
(CNP). In addition, vertebrate group other than mammals have different repertoire of the peptides.
Natriuretic peptides or cardiac peptides (ANP, BNP and CNP) play a role at least in volume
regulation, haemodynamics and the control of heart function. They protect the heart, for example,
during ischemia/reperfusion injury. In addition, the diuresis and increasing vascular permeability,
which are effects exerted by cardiac peptides, decrease total blood volume. This, in turn, will increase
the oxygen carrying capacity of unit volume of blood, as a constant number of erythrocytes is in a
reduced plasma volume. Thus, cardiac peptides may also function in the control of oxygen transport.
The regulation of ANP secretion has been shown to depend on mechanical stress on the myocytes:
the more you stretch the heart, the more pronounced the increase of cardiac peptide secretion is [1,
2]. Also hypoxia, i.e. decreased oxygen level, causes natriuretic peptide release [3]. The best known
hypoxic or even anoxic condition of the heart is infarct, but reduced oxygenation in mammals also
occurs at high altitudes. Hypoxia is caused by any mismatch between oxygen consumption and blood
perfusion of the tissue or the animal: in heart infarct the perfusion of cardiac cells is reduced because

of impaired coronary circulation, at high altitude coronary circulation is not compromised, but the
amount of oxygen it contains in a unit volume is decreased. It has initially been considered that also
the hypoxia-induced increase in natriuretic peptide secretion would be the result of mechanical stretch
occurring in hypoxic cardiac cells. However, accumulating evidence indicates that hypoxia can affect
natriuretic peptide release even in the absence of stretch [4]. (Note that this editorial considers the
secretion of both A- and B-type natriuretic peptide to be regulated similarly [5]). In this context it is
notable that virtually all the studies with isolated hearts or cardiac cells have been done with
physiological saline, which has the oxygen capacity of ca. 1/30 as compared to blood. Consequently,
the cells of perfused heart may become hypoxic whenever they are, e.g., stretched, making it difficult
to differentiate between stretch and hypoxia as the stimuli causing natriuretic peptide release [5].
Furthermore, provided that hypoxia is the stimulus for natriuretic peptide release, isolated heart
preparation and the heart in intact animal may behave differently, since intact, blood-perfused heart
is not experiencing hypoxia in conditions making the isolated heart hypoxic. In addition to hypoxic
increase of natriuretic peptide secretion, also their clearance from circulation may be affected by
hypoxia. There are natriuretic peptide receptors in different tissues, and the consensus is that they
are largely clearance receptors, which decrease in numbers in hypoxia leading to reduced clearance
of the peptide.
The regulatory pathway of hypoxia-induced natriuretic peptide secretion has, up to now, remained
poorly characterized [6]. It may involve the hypoxia-inducible factor (HIF), and could directly be
controlled by it, as the genes encoding natriuretic peptides have hypoxia response element in their
promoter region [7] and as their transcription is increased by HIF [8]. In this volume, Li et al. [9]
present studies showing that the Src-IL-18 pathway regulates ANP production in hypoxic rat atria.
Subjecting atria to hypoxic conditions (oxygen tension around 55 mm Hg) they showed that hypoxia
upregulated the expression of non-receptor tyrosine kinase Src, causing an increase in the expression
of IL-18 and its two receptors through activation of RhoA signalling. The increase in IL-18 was
followed by upregulated expression of ATF3, TCF3/LEF1, and TCF4/LEF1, leading to an induction
of ANP secretion in hypoxia.
Overall, the effects of the inflammatory cytokine IL-18 on the heart are deleterious: it induces
myocardial hypertrophy, loss of contractility of cardiomyocytes and apoptosis leading myocardial
dysfunction [9, 10]. In contrast, those of natriuretic peptides are cardioprotective [3]. This may appear
contradictory but is teleologically attractive. Whenever there is an inflammatory heart condition
leading to reduced oxygenation in cardiac cells, the very agent, IL-18, involved in the inflammation,
will promote natriuretic peptide secretion with cardioprotective effect.

The whole pathway from hypoxia to IL-18 induction may involve the well-known hypoxic
stimulation of ET-1 (endothelin 1) expression, which increases Src expression [9]. Reactive oxygen
species (ROS) may be signalling molecules involved [11]. ROS also appear to be behind the
ischemia/reperfusion injury: after the ischemic period, reperfusion causes a surge of ROS to the
reperfused area. Although the authors do not address the question if HIF is involved also in the
hypoxia response pathway they describe, this is quite possible. First, HIF is involved in inflammation
[12]. Second, HIF is associated with the expression of both ET-1 and Src [13, 14]. Third, although
the findings are somewhat controversial, ROS are also involved in the control of HIF [15].
The study of Li et al. [9] helps us in understanding the mechanisms of regulation of natriuretic peptide
secretion in hypoxic heart. Furthermore, as their results connect the deleterious IL-18 with the
cardioprotective ANP, the findings have value for the treatment of heart conditions, which are
associated with hypoxia. However, up to now information on the pathways controlling the natriuretic
peptide secretion in hypoxic heart has been delivered in small fragments. Maybe the time would now
be right to combine the bits and pieces in order to see the full picture of natriuretic peptide release in
hypoxia?
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