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EDITORIAL COMMENT

Natriuretic Peptide
Assays Revisited

Do We Need
Pro—B-Type Natriuretic Peptide?*

Michele Emdin, MD, PuD,}
Claudio Passino, MD,t+ Aldo Clerico, MD+#

Pisa, Italy

Discovery of the endocrine function of the heart (1), which
exerts a fundamental role in regulating cardiovascular ho-
meostasis through atrial natriuretic peptide (ANP) and
B-type natriuretic peptide (BNP), has opened up a new field
of research that has resulted in multiple clinical applications
(2). The human BNP gene encodes for a pre-proBNP
molecule of 134 amino acid residues, including a signal
peptide of 26 amino acids. The BNP is cleaved out of a
prohormone molecule of 108 amino acids, the proBNP;_; ¢
(proBNP). Before secretion from cardiomyocytes into
blood, proBNP is split by some proteolytic enzymes (prob-
ably corin and/or furin) into 2 peptides: the biologically
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inactive NH2-terminal peptide fragment proBNP;_,, (NT-
proBNP), and the COOH-terminal peptide fragment
proBNP,,_; s (BNP), which is the active hormone, binding
specific receptors (NPR-A, -B, -C) (2,3). In addition to
bioactive BNP, a huge number of circulating proBNP-
derived fragments can be identified by chromatographic
procedures in human plasma (4), including the intact
precursor proBNP;_;4s, found in a significant amount in
stage C and stage D heart failure (HF) patients (3-5). Liang
et al. (6) demonstrated that proBNP, constituting a sub-
stantial portion of immunoreactive BNP in plasma of HF
patients, possesses significantly lower biological activity than
the 32-amino acid hormone.

The widespread diffusion of automated assays of BNP
and NT-proBNP has furnished a novel tool for diagnosis,
prognostic evaluation, and guide to treatment of overt HF,
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as well for the screening of asymptomatic left ventricular
dysfunction in the general population (2,7), with a potential
use in primary care (8). Recent evidence has challenged,
however, the specificity of all commercial assays for BNP
and NT-proBNP, indicating a significant cross-reactivity
with the precursor proBNP;_; o, variable for each assay (9).
This means that, beyond their proven diagnostic accuracy
and prognostic value in HF, those assays are not specific for
their declared target, with evident implications for the
pathophysiological and clinical interpretation of data, not
yet completely understood.

In this issue of the Journal, Macheret et al. (10) measured
in the general community the circulating intact precursor
proBNP;_;ps by means of a highly specific proBNP;_ ;.
sandwich immunoassay (11). They evaluated its ability to
detect left ventricular systolic dysfunction, in comparison
with commercial BNP and NT-proBNP assays, in a cohort
0f 1,939 subjects (672 healthy subjects and 1,267 stages A to C
HF patients, =45 years of age), undergoing clinical and
echocardiographic characterization. The method used is
based on a specific monoclonal antibody recognizing the
cleavage site of proBNP,_; g, without any significant cross-
reactivity with either recombinant NT-proBNP;_, or syn-
thetic BNP;_3,, combined with a polyclonal antibody di-
rected against BNP; 5, (11).

Macheret et al. (10) demonstrated that proBNP;_; g was
detectable in all subjects studied, and its level was dependent
on sex, age, heart rate, and body mass index. Furthermore,
they found that the degree of sensitivity and specificity of
the proBNP assay for the detection of left ventricular
dysfunction was comparable to 2 commercial assays for
BNP and NT-proBNP (10).

This study confirms and extends previous evidence (5)
that the intact precursor of biologically active BNP (i.e., the
proBNP, _,q) circulates in plasma of both healthy subjects
and HF patients, and underscores the diagnostic usefulness
of its assay (5), which has been previously shown to hold
prognostic value in patients with systolic HF, too (12).
Moreover, circulating levels of proBNP; ;44 are age- and
sex-dependent and progressively increase with disease se-
verity in HF patients, as previously reported for BNP and
NT-proBNP measured by commercial immunoassays (2,3,13).

Two potential drawbacks are evidenced by the Macheret
study (10): the automated proBNP immunoassay is not
commercially available, and may not be considered, at this
moment, for current clinical use, especially in emergency
departments. Moreover, this study was not able to demon-
strate a better diagnostic accuracy of proBNP for left
ventricular dysfunction, as compared with a currently used
NT-proBNP assay.

However, the high specificity of this proBNP assay for
targeted molecules and its overall good diagnostic accuracy
as shown in this study pave the way for a future use of this
biomarker, as an alternative to other BNP assays currently
used for screening of left ventricular dysfunction in asymp-
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tomatic subjects at intermediate to high risk for HF, or for
differential diagnosis in patients with dyspnea. Evidence is
growing, supporting an out-of-hospital use of natriuretic
peptide assays: their implementation in screening programs
and diagnostic algorithms in primary care might contribute
to decrease the apparent disparity between the general
practitioner and the specialist approach to disease manage-
ment (8).

Indeed, the findings by Macheret et al. (10) indicate that
the greater part of B-type natriuretic peptides assayed in HF
patients is devoid of biological activity. As a whole, these
results (10) support the hypothesis that the post-
translational maturation processing of ventricular proBNP
is not efficient in HF (2,15,16).

The BNP gene is expressed in both atrial and ventricular
myocytes of normal and diseased hearts (1,2,14). Ventricu-
lar myocytes do not usually display any evident secretory
granules at electron microscopy in normal heart, whereas
some granules, similar to the atrial ones, can be found in
samples of ventricular myocardium collected during surgery
or in endocardial biopsies (2,3). That suggests that normal
ventricular myocardium may produce only a limited amount
of biologically active BNP; 3, in response to an acute,
efficacious stimulation, probably through a constitutive se-
cretory pathway, while the amount of hormone produced
and secreted after chronic stimulation in patients with HF
might be greatly increased through an up-regulated secre-
tory pathway (10,14). According to this hypothesis, a huge
amount of immunoreactive BNP circulating in plasma of
HF patients and measurable with conventional BNP and
NT-proBNP immunoassays is not biologically active. That
may add to the understanding of the resistance to the
biological effects of natriuretic hormones (the “natriuretic
paradox”), which plays an important role in the pathophys-
iology of sodium retention and systemic and renal vasocon-
striction observed in severe HF, substantially contributing
to disease progression (2,3,15).

At present, the exact reason for proBNP;_, ¢ processing
deficiency in HF is unknown, but an enzymatic deficiency,
either due to saturation or constitutive dysfunction, might
underlie the progression from asymptomatic cardiac dys-
function to overt HF (2). The hypothesis of a “cardiac
endocrine dysfunction” may support the high variability of
clinical HF phenotypes, given a similar etiology and extent
of cardiac damage/dysfunction. However, it is well known
that infusion of the same ANP or BNP dose has a reduced
natriuretic effect in HF patients, as compared to healthy
subjects. This observation suggests that there are also other
receptorial and post-receptorial mechanisms causing the
resistance to natriuretic hormone action, including down-
regulation of A and B natriuretic receptors, up-regulation of
clearance NPR-C receptors, or post-receptor issues, such as
increased activity of cyclic guanosine monophosphate-
phosphodiesterase, which metabolizes cyclic guanosine
monophosphate (2,16).
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Conversely, it is theoretically conceivable that the
COOH-terminal fragment including the cysteine bond
(i-e., the active hormone BNP,_5,) may be produced even in
vivo from the circulating intact precursor proBNP by plasma
enzyme degradation. Although there is no demonstration
that circulating proBNP can be processed in vivo in human
blood, a soluble form of corin, a transmembrane serine
protease able to cleave both proANP and proBNP, may be
also capable of processing the circulating intact precursor of
natriuretic hormones (17). Dong et al. (18) recently con-
firmed that soluble corin is measurable in human blood.
Furthermore, these investigators reported that plasma corin
levels are significantly lower in HF patients than in healthy
controls and that the reduction in plasma enzyme correlates
with the severity of the disease (18). These preliminary
observations, if confirmed, suggest a more complex scenario
regarding the “natriuretic paradox”: the circulating intact
precursor proBNP might be actually considered a prohor-
mone, processed into the active peptide, when necessary
(17,18). This hypothesis assumes that the peripheral pro-
cessing of circulating proBNP would be submitted to
regulatory rules, possibly altered with HF progression. This
abnormality might be considered as a possible future ther-
apeutic target, for example, by studying drugs inducing the
cleavage of the prohormone into active BNP.

Although the assay of proBNP (a more stable molecule
with higher molecular weight than derived peptides) has
some theoretical advantages, from an analytical point of
view, once automated assays will be available, 1 important
issue could facilitate its diffusion in the clinical setting. As a
future perspective, the simultaneous measurement in the
same plasma sample with 2 methods, 1 specific for the intact
precursor proBNP,_;y, and the other for active peptide
BNP,_;,, could allow a more accurate estimate of the true
activity of cardiac natriuretic hormone system as compared
with the single assay of either peptide (4,9), likely extending
our present understanding of pathophysiological and clinical
changes due to cardiac endocrine dysfunction on HF evo-
lution. Indeed, a recent study of ambulatory patients with
chronic systolic HF showed that the combined assessment
of conventional BNP and proBNP immunoassays provides
additional information in determining the risk of adverse
clinical outcomes, particularly in patients with low BNP
values (12). Conversely, the proposal by Macheret et al. (10)
of considering proBNP/NT-proBNP ratio, based on an
electrochemiluminescent immunoassay of NT-proBNP, as
a useful interpretative tool is questionable. Actually, this
ratio does not reflect either the ratio between the prohor-
mone and the biologically active hormone or the true
relationship between the prohormone and NT-proBNP
peptide level, because of the cross-reactivity of the NT-
proBNP method used with proBNP, as mentioned by the
authors themselves.

In summary, a proBNP;_; 45 assay shows several features
of the ideal biomarker (in vivo and in vitro stability,
adequate analytical-functional sensitivity, reproducibility,
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and accuracy) (11), whereas others are still lacking (com-
plete assay automation, demonstration of low biological
variation, reference range and cut-off values tested for sex,
age, and ethnicity dependence, extensively proven good
diagnostic and prognostic accuracy, evaluation of cost effec-
tiveness). Our interest in this “novel” natriuretic peptide
assay is in its specificity for the molecule targeted, whereas
at present all conventional BNP and NT-proBNP immu-
noassays, showing some cross-reactivity with the intact
precursor proBNP, may be considered, at the same time,
accurate markers of HF presence and severity, and inaccu-
rate indexes of BNP biological activity (9). Diagnostic
manufacturers should set up specific immunoassay methods
for biologically active BNP;_;, peptide, to overcome this
important drawback. Thereafter, designed studies would be
necessary to estimate and compare the diagnostic and
prognostic accuracy of specific assays for different B-type
related peptides: BNP, NT-proBNP, and intact proBNP,

used either alone or in combination.
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