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C-type natriuretic peptide: Possible Therapeutic Strategy for
Hypertension and Target Organ Damage

Péptido natriurético tipo C: posible estrategia terapéutica para la hipertension y el dafo de

organo blanco

LAURA V. GONZALEZ BOSC'

The study by Caniffi et al. (1) published in this issue
of the Journal, represents a step forward in the pre-
clinical determination of the use of C-type natriuretic
peptide (CNP) as a new therapeutic option for hy-
pertension and target organ damage associated with
this condition. Elevated blood pressure levels above
normal values (140 mm Hg for systolic blood pressure
and 90 mm Hg for diastolic blood pressure) is one of
the major causes for the development of cardiovascu-
lar diseases which, in turn, constitute the first cause
of mortality worldwide.

IMPORTANCE OF TYPE-C NATRIURETIC PEPTIDE

CNP belongs to a family of vasoactive peptides, in-
cluding atrial natriuretic peptide (ANP) and brain
natriuretic peptide (BNP). Both ANP and BNP are
produced and stored mainly in the endocrine heart,
and CNP is produced by the nervous tissue and vas-
cular endothelium. CNP binds type-C natriuretic pep-
tide receptor (NPR-C), which is abundantly expressed
in the plasma membrane of endothelial cells. It was
initially described as a natriuretic peptide clearance
receptor, but, in fact, it is coupled with type 1 and 2 in-
hibitory G proteins (Gil and Gi2). (2) Receptor activa-
tion increases phospholipase C-B3 activity and has an
inhibitory effect on adenyl cyclase. These effects re-
duce cytosolic adenosine 3,5 -cyclic monophosphate
(cAMP) and increase inositol trisphosphate and dia-
cyl-glycerol, (2, 3) inducing increased cytosolic Ca2+
which activates endothelial nitric-oxide synthase
(eNOS) producing nitric oxide (NO). (3) Nitric oxide
is a gas molecule which diffuses into vascular smooth
muscle and induces vasodilation. This mechanism was
demonstrated ex vivo in resistance arteries and in the
microcirculation. (3-6) The NO-mediated vasodilator
effect of CNP was also demonstrated in vivo: after
acute administration of CNP in rats, there was a sig-
nificant reduction in blood pressure, with elevated NO
metabolites and increased eNOS activity. (7-9) There-
fore, these findings suggest that CNP might play an

important role in blood pressure regulation. (3, 10)

IMPORTANCE OF HYPERTENSION IN THE DEVELOPMENT
OF CARDIOVASCULAR DISEASES

Hypertension is defined as systolic blood pressure >
140 mm Hg and diastolic blood pressure > 90 mm Hg.
A linear, continuous and positive correlation exists be-
tween blood pressure levels and risk of cardiovascu-
lar diseases, including stroke, myocardial infarction,
angina, myocardial revascularization, heart failure,
retinopathy, kidney failure and peripheral vascular
disease. Hypertension rarely produces symptoms;
therefore, according to the World Health Organization
(WHO), hypertension is “a silent and invisible killer”.

In 2008, 40% of adults > 25 years worldwide had
hypertension. In the most developed countries, the
prevalence is lower, about 35% (WHO, 2013), and in
the general population in Argentina it was 33.5% be-
tween 2008 and 2009. (11)

Hypertension can be prevented through public
health campaigns aimed at improving the general
knowledge about the complications associated with
this condition and how to fight against it by reduc-
ing salt intake, increasing physical activity, the qual-
ity and access to preventive medicine, and reducing
alcohol intake and smoking habits.

Pharmacologic treatment of hypertension has ex-
perienced significant progress over the last decades.
The drugs more commonly used are renin-angiotensin
system inhibitors, diuretics, adrenergic receptors an-
tagonists and calcium channel blockers. Despite these
advances, the Argentine RENATA trial showed that
52.8% of hypertensive patients treated did not have
adequate blood pressure control. (11) For these rea-
sons, the investigation of the mechanisms involved in
the development of hypertension is important to gen-
erate new therapeutic strategies for blood pressure
control.

The study by Caniffi et al. (1) shows that chronic
administration of CNP to spontaneously hypertensive
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rats for 14 days produced a significant reduction in
systolic blood pressure and increased left ventricular
function without reducing the left ventricular hyper-
trophy seen in these rats. CNP reduced systolic blood
pressure by around 15 mm Hg. Interestingly, clinical
trials controlled with placebo suggest that reductions
of systolic blood pressure between 10 and 12 mm Hg
in hypertensive patients reduce the risk of stroke by
40%, but the risk of chronic coronary artery disease
by only 14%. (10, 12) On the contrary, recent meta-
analyses of several clinical studies suggest that the
absolute value of blood pressure reduction is not as
important as the type of antihypertensive drug or the
combination of drugs used to reduce the risk of devel-
oping cardiovascular diseases. (13)

Of note, in the study by Caniffi et al. (1), CNP ad-
ministration did not affect systolic blood pressure or
ventricular function in control rats, suggesting that
CNP has no adverse effects on the cardiovascular sys-
tem under physiological conditions. They also evalu-
ated the effect of chronic administration of CNP on
vascular reactivity. CNP decreased phenylephrine-in-
duced vasoconstriction in the aorta of spontaneously
hypertensive rats and increased acetylcholine-induced
vasodilation. Moreover, the administration of CNP in-
creased eNOS activity in the aorta and left ventricle
in both control and spontaneously hypertensive rats,
suggesting that the NO pathway participates in the
beneficial effects of CNP, as previously described. (7-9)

Li et al. (14) have recently shown that chronic ad-
ministration of C-ANP4-23, a specific NPR-C agonist,
in prehypertensive rats, prevents the development of
hypertension in the same model used by Caniffi et al.
(1) In line with these authors, when C-ANP4-23 was
administered to spontaneously hypertensive rats for
14 days, blood pressure decreased 60 mm Hg accom-
panied by a reduction in heart rate, with no effect on
cardiac hypertrophy, and the vasodilator response to
carbachol was restored by 80%. However, in this study
C-ANP4-23 reduced the oxidative stress and NO levels.

Of interest, Lorget et al. synthesized BMN 111, a
CNP analog, which is resistant to degradation by neu-
tral endopetidases, and has an extended half-life with
the same pharmacologic properties of CNP. (15) The
effect of BMN 111 on the cardiovascular system has
not been reported yet. As BMN 111 half-life is longer
than that of CNPE, its clinical applicability would in-
crease, as fewer doses would be necessary to achieve
the same clinical benefits. In addition, perhaps it could
be administered orally instead of subcutaneously. (15)

In conclusion, in vitro and in vivo studies suggest
that the development of CNP or analogues have great
potential as new therapeutic strategies to treat hyper-
tension and prevent target organ damage. This con-

stitutes a public health priority due to the importance
of cardiovascular diseases in overall mortality rates.
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I EDITORIAL

Hypertension and Cardiovascular Risk in Chronic Kidney Disease

La hipertension arterial y el riesgo cardiovascular en la enfermedad renal cronica

LUIS I. JUNCOS', LUIS A. JUNCOS?

Over 80% of patients with chronic kidney disease suf-
fer from hypertension. (1) Although this complica-
tion is observed in kidney disease patients who still
have normal renal function, undoubtedly its preva-
lence increases significantly as glomerular filtration
rate decreases (2). It is not surprising that among the
mechanisms postulated for this hypertensive condi-
tion, sodium retention by the diseased kidney is the
most frequent and important one. This saline expan-
sion leads to a state of generalized vasoconstriction,
and the consequent rise in blood pressure is then de-
rived from increased peripheral vascular resistance.
The overall mechanism was explained and called by
Guyton pressure diuresis. (3) This process aimed at
normalizing both extracellular and circulatory vol-
ume, involves the sympathetic nervous system (4])
the renin-angiotensin system (5) and also the scle-
rosing stimuli generated by hypertension and several
other diseases, such as diabetes, polycystic disease
and a great diversity of glomerular diseases. (6) It is
important to note that hypertension may induce kid-
ney disease, and vice versa kidney disease may cause
hypertension, thus generating a vicious circle where
hypertension causes renal injury, and this in turn acts
exacerbating hypertension.

Other mechanisms involved include endothelial al-
terations with deficient nitric oxide synthesis (7) and/
or excessive superoxide release. In this regard, the
dominant oxidative stress increases the activation of
growth factors and fibrosis mediators such as TGF-B
and PAI-1. On the other hand, there are other poten-
tial reasons for blood pressure elevation. For example,
kidney disease patients often show increased central
blood pressure (8) and absence of normal nocturnal
blood pressure decline (non-dippers) (9). The best ex-
planation for these manifestations is the presence of
generalized vascular disease, mainly in the large ves-
sels. If this hypothesis were confirmed, it could clarify
the high cardiovascular morbidity and mortality in
patients with chronic kidney disease. This is precisely
the conclusion pointed out by the interesting study
reported in this issue of the Journal by Sarcona and

Diaz. (10) Effectively, the authors, using ambulatory
blood pressure monitoring (ABPM), evaluated pulse
pressure, the incidence of the “non-dipper” pattern
and blood pressure variability in patients with chronic
kidney disease. The study is particularly interesting
not only because its findings could be strongly related
with the high cardiovascular risk present in chronic
kidney patients, but also because it might explore the
potential mechanisms of hypertension and of kidney
disease progression. Indeed, high pulse pressure, as
well as the non-dipper pattern and blood pressure var-
iability correlate with greater cardiovascular risk and
are also potential markers of vascular stiffness. (11-
13). The importance of these concepts stems from the
high increase in cardiovascular risk in patients with
chronic kidney disease, the restrictions in protection
with the current strategies employed and the need to
better define the specific risks of this population.

Sarcona and Diaz clearly show an increased pulse
pressure, thus adding an important piece to our patho-
physiological interpretations of the mechanisms that
make chronic kidney disease a dreaded cardiovascular
risk factor.

Unfortunately, the authors fail to show significant
differences between groups in the other two param-
eters studied: non-dipper pattern and blood pressure
variability. However, and despite the differences in
glomerular filtration rate between both groups are
small, the inherent variability of the MDRD study
abridged formula as glomerular filtration rate es-
timation might indicate the need to study a greater
number of patients. These acknowledged difficulties
in the estimation of glomerular filtration rate are the
result of the complex pathophysiology of chronic kid-
ney disease, and also of serum creatinine variability
according to muscle mass, hydration status, physical
activity close to sample collection, antihypertensive
drugs used, etc. It is possible that the overall authors’
hypothesis can be demonstrated by increasing the
number of patients with chronic kidney disease. This
possibility is taken into account in the text by the
authors. If we accept that elevated pulse pressure is
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an indicator of “central” vascular disease, it is highly
probable that there is also great variability, as was un-
doubtedly considered by the authors. In other words,
if there is aortic stiffness, it is very likely that barore-
ceptor activity is also altered producing exaggerated
hemodynamic responses in the presence of moderate
or even mild humoral or hemodynamic changes. This
might be a purely mechanical effect of aortic wall stiff-
ness, but it could also be the result of an inhibitory
effect upon the baroreceptors induced by the “inflam-
mation” that accompanies the atherosclerotic process.

The authors” hypothesis will certainly generate
new research to identify the predictive role of pulse
pressure, the non-dipper pattern and blood pressure
variability in patients with chronic kidney disease. In-
deed, the evaluation of these patients with indisput-
able and high cardiovascular risk would greatly ben-
efit with the confirmation of these parameters as risk
markers.
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