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Abstract

Midregional pro-atrial natriuretic peptide (MR-proANP), first isolated in 1981, is a novel peptide
with multiple biological functions, especially within the cardiovascular system. This peptide plays
an important role in many processes, including natriuresis, diuresis, and other physiological and
pathophysiological pathways in the human body. Several electronic databases (PubMed, EBSCO,
Scopus, and ScienceDirect) were analyzed in the present literature review. The aim of this study
was to elucidate the wide roles of MR-proANP, which can be analyzed because of the develop-
ment of a new sandwich immunoassay, and to determine the possible diagnostic and prognostic
implications of MR-proANP on cardiovascular disease and other disorders. The studies discussed
in this literature review provide valuable data on the role of ANP in the pathogenesis, diagnostic
process, prognosis, and potential therapeutic strategies for disease. Although ANP is mainly
associated with cardiovascular disease, it may be used as a biomarker in diabetology, neurology,
and metabolic disorders.
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Clinical significance: The MR-proANP
level may be useful in patients with many
disorders. For instance, it may be used:

e To diagnose and assess the severity of
both chronic and acute heart failure

e To indicate the risk of major cardiovascu-
lar events (such as nonfatal myocardial
infarction or death from cardiovascular
disease) and the development of diabetes

e To indicate the time from onset of atrial
fibrillation to presentation

e To predict mortality in
with stroke

e As a prognostic biomarker of renal
progression

patients

Introduction

Midregional pro-atrial natriuretic peptide
(MR-proANP) is a novel peptide with mul-
tiple biological functions, especially in the
cardiovascular system. Its use as a biomark-
er has gained growing interest in the last
few years.

ANP plays an important role in the
regulation of many physiological and path-
ophysiological pathways. Thus far, the role
of ANP has been determined in natriuresis,
diuresis, vasodilatation and inhibition of
the renin-angiotensin-aldosterone system,
and the sympathetic nervous system.
Studies have shown that pathologies
within the above-mentioned mechanisms
are also partially dependent on the function
of ANP. Investigators have described the
role of ANP in the pathogenesis of acute
ischemic stroke,>™ diabetes,”® chronic
kidney disease,”'® and lung disease (espe-
cially pneumonia).

However, few studies have addressed the
role of MR-proANP, and much remains
unknown. This review was performed to
elucidate the wide role of MR-proANP,
which can be analyzed because of the devel-
opment of a new sandwich immunoassay,"’
and determine the possible diagnostic and

prognostic implications of MR-proANP in
cardiovascular disease and other disorders.

Methods

The literature review involved the analysis
of several electronic databases: PubMed,
EBSCO, Scopus, and ScienceDirect. The
search results were based on keywords con-
sistent with the language of the Medical
Subject Headings of the National Library
of Medicine (MR-proANP, acute and
chronic heart failure, myocardial infarction,
arrhythmia, dyspnea, acute ischemic stroke,
diabetes, and chronic kidney disease).
Several publications dated from 1986 to
2016, available in both English and Polish,
were analyzed. This study protocol was
approved by the Bioethical Commission of
Medical University in Lodz.

Results

ANP as a peptide

In 1981, after many years of study, de Bold
et al."” proved for the first time that intra-
venous administration of atrial myocardial
extract evokes diuretic and natriuretic
effects in rats. This and subsequent experi-
ments led to the discovery of a whole family
of peptides with natriuretic, diuretic, and
smooth muscle-relaxing properties: the so-
called natriuretic peptides.! Among them,
we have recognized the following to date:
ANP; brain natriuretic peptide, also called
B-type natriuretic peptide (BNP); and
C-type natriuretic peptide (CNP) (Figure 1).

The ANP propeptide is composed of 151
amino acid residues. Hydrolysis of the
N-terminus part leads to the formation of
pro-ANP consisting of 126 amino acid res-
idues. In the next phase, the pro-ANP is
released into the blood circulation, where
it is digested by corin (ANP-converting
enzyme) to the N-terminus fragment
consisting of 98 amino acids and the
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Figure |. Structure of the natriuretic peptides.
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Figure 2. Tissue expression of natriuretic peptides and conversion from prohormones to mature peptides.

C-terminus fragment consisting of 28
amino acids (i.e., the active form of ANP)
(Figure 2).!

Mature ANP is encoded by the NPPA
gene located in the short arm of chromo-
some 1, which contains three exons and
two introns. Its expression changes during
an organism’s development; in an adult

human, ANP is present mainly in the car-
diac atria.'

ANP release depends on many factors,
such as the secretion of catecholamines,
endothelins, arginine vasopressin, or thy-
roid hormones. An increased intravascular
volume with a resultant increase in vascular
wall tension, chronic hypoxia, and
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increased osmolarity are also stimulators of
ANP release.'

Natriuretic peptide receptors

Guanylyl cyclase receptors. Natriuretic pepti-
des act by affecting membrane receptors
on the surface of target cells. There are
three types of these receptors: natriuretic
peptide receptor (NPR)-A, NPR-B, and
NPR-C. NPR-A shows the highest binding
affinity to ANP with lower affinity to BNP
and CNP, whereas NPR-B binds mainly
CNP and to a lesser extent to ANP and
BNP. The highest expression of the NPR-
A gene can be found in the heart, blood
vessels, kidneys, adrenal glands, and lungs,
whereas the NPR-B gene is mainly
expressed in the brain.'

NPR-A and NPR-B are transmembrane
proteins that belong to the family of guany-
late cyclase-associated receptors. After
ligand binding by the receptor, guanosine
triphosphate is converted to cyclic guanosine

ANP

Degradation
products

monophosphate, starting the signal cascade
in the cell that translates into the physiolog-
ical effects of natriuretic peptides.'

Natriuretic peptide clearance receptor. NPR-C
is regarded as the elimination receptor
because its main action is removal of natri-
uretic peptides from the blood circulation
(the ligand—NPR-C complex is subjected
to internalization and degradation).
Natriuretic peptides can also be removed
by neutral endopeptidase, which is present
in the blood vessels and kidneys.'

The action of ANP at cells is presented in
Figure 3.

Physiologic effects of natriuretic peptides

The effects of the actions of natriuretic
peptides are multidirectional. They main-
tain the appropriate blood pressure and
volume of circulating blood by decreasing
cardiac preload and afterload as well as
widening blood vessels.'"!?
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Figure 3. Action of atrial natriuretic peptide (ANP) at target cells. After ANP binding by natriuretic peptide
receptor (NPR)-A, guanosine triphosphate is converted to cyclic guanosine monophosphate, starting the
signal cascade in the cell that translates into the physiological effects of natriuretic peptides. ANP also binds
to NPR-C, after which it is removed from the blood circulation. Finally, ANP may be removed by extra-

cellular neutral endopeptidases.
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Table |I. Physiological actions of natriuretic pep-
tides (based on Volpe et al.)

Target Biological effects

Kidney ® Vasodilatation of afferent
arterioles and vasoconstric-
tion of efferent arterioles,
resulting in increased
glomerular filtration rate
Induction of natriuresis
Induction of diuresis
Reduction in preload,
resulting in decreased
cardiac output

® |nhibition of
cardiac remodeling

Hemodynamic  ® Vasorelaxation
system Reduction of cardiac preload

and afterload

Endocrine ® Suppression of the renin-
system angiotensin-aldosterone axis,

sympathetic outflow, arginine
vasopressin, and endothelin

Heart

At the renal level, natriuretic peptides
lead to contraction of efferent arterioles
and relaxation of afferent arterioles in
nephrons, which increases the activity and
amount of glomerular filtration. Natriuretic
peptides decrease sodium reabsorption in
renal tubules, thus leading to natriuresis.
They also inhibit renin, angiotensin, and
aldosterone secretion.''?

Additionally, natriuretic peptides increase
vascular wall permeability and increase fluid
shift from the intravascular to extravascular
compartment, thus enhancing the hypoten-
sive effect evoked by natriuresis and
vasodilation."?

The physiological actions of natriuretic
peptides are listed in Table 1.

ANP in the cardiovascular system:
pathophysiology
Because of the development of a new sand-

wich immunoassay that recognizes a midre-
gional sequence of pro-ANP, we can

analyze MR-proANP and use it as a prom-
ising biomarker in many disorders.'' It has
been hypothesized that MR-proANP might
be more useful than ANP or its precursor
fragments because of its greater analytical
stability, lack of receptor binding and pro-
tein interactions, and longer half-life."'

Chronic heart failure. As indicated in the 2016
European Society of Cardiology guide-
lines,"* the prevalence of heart failure
(HF) is approximately 1% to 2% of the
adult population in developed countries
and exceeds 10% among people >70 years
of age. It is a very common cause of hospi-
talization in patients >65 years of age
(among this group of patients presenting
to primary care facilities with breathlessness
on exertion, one in six will have unrecog-
nized HF). The lifetime risk of HF at age
55 years is 33% for men and 28%
for women.'*

Patients with HF often exhibit nonspe-
cific signs and symptoms, making discrimi-
nation between HF and other conditions
difficult. This heterogeneity of presentation
results in delays in definitive diagnosis
and treatment.

The natriuretic peptides (ANP and BNP)
represent the gold standard biomarkers in
HF. The cardiac hypertrophy that accom-
panies myocardial failure causes increased
ventricular production of ANP and BNP.'
These peptides have been established not
only as excellent diagnostics markers but
also as very useful parameters with which
to assess the disease severity!® and
prognosis.'® The most commonly measured
natriuretic peptide, which is used in the
diagnosis of HF, is BNP and its precursor
N-terminal proBNP (NT-proBNP). ANP is
currently considered inferior to BNP,
mostly because the assessment of ANP is
considered less reproducible.!’

In a few studies, MR-proANP was sug-
gested to be a more distinct marker of
cardiac abnormalities and risk than BNP
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in subgroups of patients with confounding
conditions that were difficult to assess.'®
von Haehling et al.'” proved that in patients
with chronic HF, elevated levels of MR-
proANP were associated with an increased
risk of death, and this effect was indepen-
dent of other established prognosticators
including the left ventricular ejection frac-
tion (LVEF), NT-proBNP, New York
Heart Association class, sex, age, and cre-
atinine level. Their analyses also revealed
that MR-proANP predicts mortality in spe-
cific subgroups of patients such as those
with mildly impaired kidney function and
obesity.'” Moertl et al.?® showed that MR-
proANP outperformed NT-proBNP and
BNP in prediction of death. Compared
with an earlier study, they suggested that
natriuretic peptides were more highly
dependent on the LVEF, glomerular filtra-
tion rate, and presence of ankle edema and
confirmed that age, body mass index, and
sex do not have a major impact on natri-
uretic peptide levels. They also proved that
MR-proANP, NT-proBNP, and BNP are
good, comparable markers of the severity
of left ventricular systolic dysfunction.?
Yasue et al.?! also provided evidence that
secretion of ANP and BNP from the left
ventricle depends on the severity of left ven-
tricular dysfunction, making ANP and
BNP useful markers of the degree of left
ventricular dysfunction in patients with HF.

Acute HF. Acute HF (AHF) is a life-
threatening medical condition requiring
urgent evaluation and treatment and typi-
cally leading to urgent hospital admission.
This term includes de novo AHF, which
occurs in patients who are presenting with
symptoms for the first time, and acute
decompensation of chronic HF, which indi-
cates worsening of the symptoms of HF."!

The initial diagnosis of AHF should be
based on an interview (symptoms, prior
cardiovascular history, and potential cardi-
ac and noncardiac precipitants) and

physical examination (signs of congestion
or hypoperfusion) and confirmed by appro-
priate additional investigations such as
chest radiographs, electrocardiography,
laboratory tests (with specific biomarkers),
and echocardiography.'®

In patients presenting with AHF, early
initiation of appropriate therapy is of
utmost importance.

Like BNP and NT-proBNP, MR-
proANP is prognostic for adverse outcomes
in patients with acutely decompensated HF.
The investigators of the GISSI-HF study
proved the prognostic value of MR-
proANP for mortality (area under the
receiver operating characteristic curve,
0.74; optimal cutoff point, 278 pmol/L).>
In the PRIDE study, an elevated MR-
proANP level was prognostic and reclassi-
fied the mortality risk at 1 and 4 years.’

Because of the high sensitivity of natri-
uretic peptides, their levels should be mea-
sured in all patients with acute dyspnea and
suspected AHF to help differentiate AHF
from noncardiac causes of acute dyspnea.
In the Biomarkers in Acute Heart Failure
(BACH) trial, MR-proANP was measured
in 1641 patients with acute dyspnea. The
researchers found that MR-proANP
(cutoff point of 120 pmol/L) was noninfe-
rior to BNP (cutoff point of 100 pg/mL) in
the diagnosis of AHF and appeared to
improve diagnostic accuracy in the BNP
gray zone (BNP level of 100-500 pg/mL)
and in obese patients.?* Potocki et al.> sug-
gested that the MR-proANP levels were sig-
nificantly higher in patients with dyspnea
and that the addition of this biomarker to
clinical decision-making in the emergency
department significantly improved the diag-
nostic accuracy of HF. Consistent with
the BACH trial, they also found that
MR-proANP provides incremental diag-
nostic information in patients presenting
with  BNP levels in the gray zone.”
Heining et al.?® also concluded that the
MR-proANP level was significantly higher
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in patients with HF than in patients with
other causes of dyspnea.

In contrast, Gegenhuber et al.’
compared MR-proANP levels with
NT-proBNP and BNP levels in 251 patients
with dyspnea. They suggested that the
diagnostic  information obtained by
MR-proANP measurements was similar
to that obtained by NT-proBNP measure-
ments and that these peptides may be
equally useful in the diagnosis of acute
destabilized HF in patients with shortness
of breath.

Stable coronary artery disease and acute coronary
syndrome. Stable coronary artery disease
occurs due to episodes of mismatch between
myocardial oxygen demand and supply
related to hypoxia or ischemia. These
episodes are usually inducible by exercise
or stress and lead to transient chest
discomfort. Stable coronary artery discase
also includes the stabilized and often
asymptomatic phases that follow acute cor-
onary syndrome.?®

Natriuretic peptides may play an impor-
tant role as diagnostic and prognostic tools
in patients with coronary artery disease.
MR-proANP provides more refined risk
assessment than ANP and BNP. Ahluwalia
et al?® proved that MR-proANP was
strongly associated with the risk of major
cardiovascular events (such as nonfatal myo-
cardial infarction, ischemic stroke, or death
from cardiovascular disease) and together
with BNP offered significant risk prediction
compared with the traditional risk model.

The term acute myocardial infarction
should be used when there is evidence of
myocardial necrosis in a clinical setting con-
sistent with acute myocardial ischemia.
According to the third universal definition
of myocardial infarction,”® myocardial
injury is detected when blood levels of sen-
sitive and specific biomarkers such as cardi-
ac troponin or creatine kinase—myocardial
band are increased. Cardiac troponin

I and T are components of the contractile
apparatus of myocardial cells and are
expressed almost only in the heart.®
The preferred biomarker is cardiac tropo-
nin (I or T), which has high myocardial
tissue specificity as well as high clinical
sensitivity.*°

Acute coronary syndrome carries a high
risk of death and development of major car-
diovascular events. Increasing numbers of
emerging biomarkers have been suggested
to help in the risk stratification of patients
with acute coronary syndrome. Although
little is known about their clinical value,
such information may help to identify
patients at high risk of major adverse car-
diovascular events.

A few studies have suggested that mea-
surement of MR-proANP is helpful in the
risk stratification of patients with acute cor-
onary syndrome. The LAMP study showed
that MR-proANP is an important prognos-
tic biomarker after the development of
myocardial infarction independent of estab-
lished conventional risk factors.>’ The
researchers proved that the clinical value
of MR-proANP is equal to that of
NT-proBNP for the prediction of death,
but they did not perform a comparison
with a novel, more sensitive troponin
assay.’! In another study, von Haehling
et al.*? theorized that MR-proANP can be
used to identify high-risk patients because it
may help in the prediction of all-cause mor-
tality and major adverse cardiovascular
events in patients presenting with symptom-
atic coronary artery disease.

Meune et al.*® recently evaluated
the prognostic and diagnostic value of
MR-proANP. They found that although it
could not add diagnostic value to a sensitive
troponin assay, it could improve the predic-
tive power of the assay; an increased
MR-proANP concentration was associated
with an increased risk of death or acute
myocardial infarction at 360 days indepen-
dent of and in addition to cardiac troponin
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T, high-sensitivity cardiac troponin T, and
the Thrombolysis In Myocardial Infarction
risk score.*?

Tzikas et al** reported that MR-
proANP is a significant predictor of future
cardiovascular events in patients with acute
chest pain. Its predictive value was greater
than that of troponin I, BNP (they proved
that MR-proANP is more quickly released
in the circulation than BNP with determi-
nation directly on admission), and clinical
risk  scoring systems such as the
GRACE score.*

In another study, Moertl et al.”® deter-
mined that MR-proANP was inversely
associated with the LVEF and outper-
formed BNP and NT-proBNP in the pre-
diction of all-cause mortality and
cardiovascular mortality. These results
were confirmed in a study performed by
Lindberg et al.®

Another group of researchers looked for
correlations between the MR-proANP level
and left ventricular function. They reported
a strong association between impaired
left ventricular function in patients with
coronary artery disease and MR-proANP,
indicating that MR-proANP is a good
predictor of impaired left ventricu-
lar function.*

In contrast, Wang et al.*” found no asso-
ciation between plasma natriuretic peptides
levels and the risk of coronary heart dis-
ease. This finding may have resulted from
the characterization of the group involved
in that study (ambulatory cohort).

Atrial fibrillation. Atrial fibrillation (AF) is a
very common arrhythmia in the general
population, especially in those of advanced
age. Elevated concentrations of natriuretic
peptides have been reported in patients
with AF.*>*

Rossi et al.*® compared patients with AF
to patients with sinus rhythm with similar
clinical characteristics, left atrial overload,
LVEF, and pulmonary pressure. They

presented a theory that AF is independently
associated with a higher N-terminal ANP
N-ANP level and blurs the relationship
between N-ANP and reduced left ventricu-
lar function. In contrast, they found that
the BNP level is not independently affected
by AF and is strongly associated with left
ventricular dysfunction, for which it can be
used as a marker in both patients with sinus
rhythm and those with AF.*®

Roy et al.*’ proved that the plasma con-
centration of ANP in patients with chronic
AF decreases after conversion to sinus
rhythm. Mookherjee et al.** confirmed
that the ANP level is elevated in patients
with AF regardless of the presence or
absence of HF; they also proved that after
successful cardioversion, the ANP level
decreases independent of the mode of car-
dioversion or presence of HF.

Meune et al*  measured the
MR-proANP plasma concentration at pre-
sentation in consecutive patients with onset
of AF but no evidence of AHF. They sug-
gested that patients with an AF onset of
<48 hours had lower MR-proANP concen-
trations than those with an AF onset of >48
hours and that the MR-proANP concentra-
tion may therefore reliably identify the time
from onset of AF to presentation.*!

In another study, the researchers mea-
sured the MR-proANP concentration in
patients after radiofrequency ablation.*?
They observed an increase in the
MR-proANP level immediately after radio-
frequency ablation, followed by a decrease
the day after ablation (regardless of the
actual rhythm). This finding indicates that
radiofrequency ablation is a strong stimulus
for the deliverance of MR-proANP.*

Hypertension. Hypertension is a disease of
civilization. It affects 16% to 37% of the
population globally. Although it usually
does not cause symptoms, it is a major
risk factor for coronary artery disease,
stroke, HF, and AF.
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The MR-proANP level rises in patients
with hypertension. Sagnella et al.** proved
that the plasma MR-proANP level is signif-
icantly higher in patients with than without
hypertension. This result was confirmed in
studies performed by Kohno et al.** and Hu
et al.*® Hu et al.* also proved that the
MR-proANP level is associated with the
severity of hypertension.

In contrast, Cappellin et al.** proved
that the MR-proANP level did not reliably
predict the hypertensive condition. Nilsson
et al.*’ also found no correlation between
the MR-proANP plasma concentration and
blood pressure.

Irzmarnski et al.* and Yasumoto et a
found a relationship among the plasma
level of N-ANP, hypertension, and left ven-
tricular hypertrophy. They proved that
patients with hypertension and left ventric-
ular hypertrophy have a significantly higher
N-ANP level than do healthy patients.

Finally, Khaleghi et al.*® theorized that
MR-proANP may be a marker of target
organ damage in the setting of hyperten-
sion, especially in African-Americans.

Table 2 summarizes the role of
MR-proANP in the cardiovascular system.

1.49

Table 2. Roles of MR-proANP in cardiovascu-
lar system

Diagnostic and prognostic marker in HF

Marker of the degree of left ventricular dysfunction
in patients with HF

Prognostic factor for adverse outcomes in patients
with acutely decompensated HF

Indicator of the risk of major cardiovascular events
(such as nonfatal Ml or death from CVD)

Indicator of the time from onset of atrial fibrillation
to presentation

Marker of hypertension severity

Marker of target organ damage in the setting of
hypertension

MR-proANP, midregional pro-atrial natriuretic peptide;
HF, heart failure; MI, myocardial infarction; CVD, cardio-
vascular disease.

MR-proANP in noncardiac disorders

Acute ischemic stroke. Stroke is the third lead-
ing cause of death and the primary cause of
long-term disability worldwide. Estrada
et al.” found that the ANP level was higher
in the acute phase of ischemic stroke than in
healthy controls. Makikallio et al.® com-
pared the ANP level between patients with
ischemic stroke and healthy controls and
reported higher levels in patients with
stroke. The researchers also showed that
higher ANP levels were present in patients
who died than survived, indicating that ANP
may be a good predictor of mortality in
patients with stroke.’

Katan et al® showed that the
MR-proANP level on admission was
increased in patients with stroke and con-
firmed that MR-proANP is a valuable
prognostic marker in patients with ischemic
stroke (independent of other comorbidities
such as chronic HF, AF, and age).

MR-proANP in other disorders. Chronic kidney
disease is a major health problem with an
increasing incidence and  prevalence.
Natriuretic peptides are involved in renal
homeostasis; therefore, MR-proANP may
be a promising candidate peptide for the
prognosis of chronic kidney disease.
Dieplinger et al.” investigated the prognos-
tic value of MR-proANP for renal progres-
sion in patients with primary nondiabetic
chronic kidney disease. They showed that
an increased MR-proANP plasma concen-
tration at baseline was a strong predictor
of their renal end point, namely doubling
of the baseline serum creatinine level.
They also observed a continuous increase
in the MR-proANP plasma concentration
across glomerular filtration rate stages,
indicating an association with disease sever-
ity.? Ogawa et al.'” confirmed that the ANP
level was higher in patients with chronic
renal failure in proportion to volume status.
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Type 2 diabetes mellitus is one of the
most prevalent metabolic diseases world-
wide. Although natriuretic peptides mediate
various cardiovascular and metabolic
effects, their role in diabetes is not fully
understood.” Previous data support the
hypothesis that a low ANP level increases
the risk of developing insulin resistance and
type 2 diabetes.® Magnusson et al.” also
suggested that there may be an association
between serum natriuretic peptide levels
and the risk of developing diabetes. Juji¢
et al.® described the role of the ANP
system in the etiology of type 2 diabetes.
Still, more studies are needed to prove the
role of ANP in the development of diabetes.

Obesity is a leading preventable cause of
death worldwide, with increasing rates in
adults and children. In 2014, 600 million
adults (13%) and 42 million children under
the age of 5 years were obese.’! Obesity is
more common in women than men.”!
Authorities view it as one of the most serious
public health problems of the 21st century.
In 2013, the American Medical Association
classified obesity as a disease.”’ Obesity is
associated with decreased circulating levels
of ANP and a negative linear relationship
between body mass index and natriuretic
peptide plasma concentrations.>>

Conclusion

The herein-described studies of the multiple
functions of MR-proANP prove its impor-
tant role in different physiological and
pathological pathways. These studies pro-
vide valuable data about the role of ANP
in the pathogenesis, diagnostic process,
prognosis, and potential therapeutic strate-
gies of various diseases. Although ANP
is mainly associated with cardiovascular
diseases, it may be used as a biomarker in
diabetology, neurology, and metabolic dis-
orders. We anticipate that new studies will
be carried out in the future and that
MR-proANP will become a reliable

prognostic and diagnostic factor, especially
in cardiovascular disease.
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