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ABSTRACT

N-terminal pro-brain natriuretic peptide is the prime standard biomarker used for heart diagnosis and
prognosis. Owing to the acute response and considerable half-life, the N-terminal pro-brain natriuretic
peptide is the most reliable biomarker to identify a cardiac injury. N-terminal pro-brain natriuretic peptide
can act as an independent risk factor for the COVID-19 infected patients, but the exact reason for raise in
the level of biomarker is still unclear. Various immunological platforms like immunofluorescence, enzyme
linked immunosorbent assay, lateral flow immunoassay, chemiluminescence immunoassay, stable isotope
standards capture by anti-peptide antibodies assay are used to detect the N-terminal pro-brain natriuretic
peptide from human blood. Chemiluminescence immunoassay lead the in-vitro diagnostic platform for the
determination of N-terminal pro-brain natriuretic peptide due to high stability, ultra-sensitivity, specificity,
and high throughput.
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1. Introduction

The thought that heart can also act as an endocrine organ
arose with the findings of atrial natriuretic peptides (ANPs)
by de Bold et al.,! later Sudoh et al.? discovered brain
natriuretic peptides (BNPs) in 1988. The prohormones such
as proANP and proBNP are secreted from cardiac atria
and ventricles respectively in response to atrial/ ventricular
distention. These precursor hormones then breakdown
into biologically active ANP and BNP and inactive
amino terminal proANP (NT-proANP) and amino terminal
proBNP (NT-proBNP).3~> In vitro studies suggested that
proteolytic enzyme furin is responsible for the splitting
of prohormone into two fragments.® The importance of
natriuretic peptides in diagnostic field is highlighted with
the discovery of ANP and BNP. The enhanced production
and release of the natriuretic peptides were observed in
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heart failure (HF) conditions. In fact, BNP and NT-proBNP
have turn out to be the characteristic biomarkers for HF
diagnosis and prognosis, excellent than ANP and NT-
proANP.” According to various studies, BNP and NT-
pro BNP in the blood sample can be used as a primary
diagnostic tool for acute and chronic heart failure. NT-
proBNP is used to monitor medical efficiency of HF drug
and to distinguish dyspnea that caused by heart failure
from other diseases. The concentration of NT- proBNP is
proportional to the level of heart failure.®'?In this review,
we discuss the recent advances in NT- proBNP as a cardiac
marker and potential clinical implications in the diagnostic
field.

2. Biochemistry and Physiology of BNPs

The human BNP is encoded by the gene Nppb, which is
positioned on chromosome 1 have 1992 base pairs including
3 exons and 2 introns. The gene has a highly conserved area,
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TATTAT.'® After translation, mRNA is synthesized which
encodes a precursor protein of BNP called pre-proBNP
having 134 amino acids. The first 26 amino acid sequence
of pre-proBNP is known as signal peptide, which undergo
sudden degradation to form a prohormone, proBNP having
108 amino acids. The prohormone splits into 32 amino acid
sequence of biologically active BNP hormone and 76 amino
acid sequence of n-terminal part called NT-proBNP.*!3 The
108 amino acid proBNP is an O-glycosylated protein in
which the NT-proBNP part has 7 glycosylation sites while
BNP part is non- glycosylated. The 7 glycosylation sites
are at T36, S37, S44, T48, S53, T58, and T71 amino acid
residues. ' The glycosylation status of one amino acid,
T71 is important for the proteolytic cleavage of proBNP
into BNP and NT- pro BNP. T71 is found close to the
cleavage site between the amino acid residues R76 and S77.
The cleavage can only occur if T71 is not glycosylated.
Majority of the unprocessed proBNP found in circulation
has an O-glycan on T71 whereas the same amino acid in
NT-proBNP is not glycosylated. The active BNP is forming
a ring structure with a disulphide bridge between two
cysteine molecules.>!>1® During the embryonic and fetal
stages, Nppb gene is expressed mostly in the cardiac muscle
cells. After birth also the gene continue to express in the
heart.!7-13 (Figure 1).

BNP and NT- proBNP, both molecules secreted into
blood stream. The key prompt for their over production
and release is the cardiac dilation. The activation of BNP
takes place when it binds to certain receptors present in
the cell surface named natriuretic peptide receptor type A,
B and C (NPR-A, NPR-B, NPR-C). The circulating BNP
binds to NPR-A and NPR-B triggering intracellular cGMP
production. As a result of this, some physiological events
occur such as diuresis, natriuresis, peripheral vasodilatation,
and inhibition of the renin-angiotensin- aldosterone system
and the sympathetic nervous systems.!>!° The binding
of BNP to the NPR-C promote the clearance of BNP
from the circulating system. The clearance can also occur
through the proteolysis by peptidases especially the neutral
endopeptidase (NEP). Most of the BNP degradation takes
place in lungs and kidney. Whereas the clearance of
NT- proBNP is through renal excretion.®!31320 Reports
concluded that BNP has a half-life of 20 minutes although
NT- proBNP is more stable, has a half-life of approximately
120 min., which shows the higher concentration of NT-
proBNP in the blood compared to BNP.>21=23 (Table 1)
Because of this reason, NT- proBNP turn out to be the gold
standard for the diagnosis, prognosis, and treatment of heart
failure.

3. Clinical Significance of NT- proBNP

A biomarker should possess certain criteria to be clinically
relevant. It must be sensitive, specific to the disease, the
measurement to be standardised and easy to perform, the
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Figure 1: Scheme of proBNP, BNP and NT-proBNP processing.
ProBNP is formed after the translation, and it gets glycosylated
at different sites. Two sets of proBNP formed with a difference
in the T71 glycosylation status: glycosylated at T71 and non-
glycosylated at same site. Only non-glycosylated proBNP at T71
undergoes enzymatic cleavage to form NT-proBNP and BNP
whereas glycosylated proBNP at T71 remains unprocessed. 2*

Table 1: Comparison of BNP and NT-proBNP
BNP versus NT-proBNP

BNP NT-proBNP
Amino acids 32 76
Molecular weight 35 8.5
(kDa)
Half-life (min) 20 60-120
Hormonal activity Yes No
Clearance Lungs, Kidney Kidney

level must show clinical and prognostic status. Diagnostic
and prognostic value of NT-proBNP and personalized
HF treatment based on NT- proBNP have been already
established.® Currently Roche NT-pro assays are widely
used for clinical practices, because of their good diagnostic
and prognostic accuracy. The first-generation assay was
based on polyclonal antibodies, specific for the regions 1-21
and 39-50 whereas the second-generation uses monoclonal
antibodies (mAbs) specific for the central region of NT-
proBNP: 22-28 and 42-46.%> Even Abbott Diagnostics,
considered as the pioneer of BNP assays preferred the
NT-proBNP as a better option than BNP. EDTA plasma
samples are suggested for BNP assay to obtain more
stability whereas NT-proBNP values can be evaluated from
plasma or serum. The storage stability of NT-proBNP
is better compared to BNP with only 10% decrease in
actual value after stored at -20 degree Celsius for 2 years
whereas BNP has 50% decrease after 2 to 4 months of
storage under same conditions.?%2” Thus, there are many
advantages of using NT-proBNP over BNP such as longer
half-life, diversity of specimen types, and better storage
stability. First line diagnosis of HF with echocardiogram
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(ECG) plus NT-proBNP test giving more accuracy than
ECG alone. NT-proBNP concentration may be higher in
certain disease conditions such as acute coronary syndrome,
older age, renal dysfunction, pulmonary hypertension,
pulmonary embolism, sepsis, anaemia, atrial fibrillation,
right ventricular dysfunction) and lower in genetic variation,
obesity, constrictive pericarditis, flash pulmonary edema or
end-stage cardiomyopathy. 28-°

3.1. Elevated NT-proBNP in COVID-19

The occurrence of coronavirus disease (COVID-19) is
caused by severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) has been associated with multi-organ
dysfunction including respiratory diseases, cardiac injury,
and various others. Many studies reported that blood cardiac
markers especially cardiac troponin I and NT-proBNP levels
increases in accordance with COVID-19. Patients with
moderate symptoms have no notable cardiac injury. So,
the studies concluded that the level of cardiac markers
increases according to the severity of the viral infection.
The mechanism of SARS-CoV-2 induced cardiac injury was
still unclear. From the result of autopsy, a few interstitial
mononuclear inflammatory infiltrates were observed in
heart, indicating an inflammation induced cardiac injury.
Viral particles may bind at the binding site of angiotensin
converting enzyme related carboxypeptidase (ACE2). This
infection prevents the proper supply of oxygen to the
cardiac muscle cells which may stimulate the elevation of
cardiac markers like NT-proBNP, finally leads to the cardiac
injury. Another possibility is the binding of SARS-CoV-2
to the ACE2 receptor causing an uncontrolled production
of angiotensin 2 (AGN II) and limited the synthesis of
angiotensin 1-7. This will cause an anti-inflammatory effect,
which leads to the secretion of NT-proBNP. 3033

4. Analytical Tools

BNP and NT-proBNP have been assessed as cardiac
markers and both are based on non-competitive (sandwich)
immunoassay using capture and detector antibodies.?’
There are variety of analytical methods in clinical
and diagnostic field, specific for natriuretic peptides

including radioimmunoassay (RIA), enzyme-linked
immunosorbent assay (ELISA), and immunofluorescence
assay  (IFA), microfluidics, recently  developed

electrochemiluminescence immunoassay (ECLIA) and
so on. Contemporary methods for the determination
of circulating NT-proBNP are based on the sandwich
immunoassay. The target antigen is bound between capture
and detector antibodies to form a sandwich. NT-proBNP
has been measured using various diagnostic platforms such
as Roche diagnostics Elecys, Siemens Immulite, Dade
systems, Ortho Vitros ECi etc.3* We briefly discuss most
important and recent advances in analytical techniques used

to measure the circulating NT-proBNP level.

4.1. Immunofluorescence assay

The development of immunofluorescence assays provides
the detection of NT- proBNP in 15- 20 minutes. This simple
and rapid method widely used in clinical diagnosis, ensures
a primary care for heart failure. The basic principle of IFA is
founded on sandwich immunoassay. Here one monoclonal
antibody immobilized on a nitrocellulose membrane (test
line) and another monoclonal antibody is conjugated with
fluorescent protein. After the addition of sample (serum,
plasma, or whole blood), the analytes were captured by
fluorescently labelled antibody and forms antigen- antibody
complex. This complex moves towards the test line by
capillary action and captured by the antibody coated there
to form sandwich complex. Fluorescence was measured
by analyzer and the concentration of analytes could be
calculated. The florescence intensity is directly proportional
to the analyte concentration. 3>

4.2. Enzyme-linked immunosorbent assay

ELISA offers a quantitative measurement of NT- proBNP.
In ELISA, antibodies are linked to an enzyme specific
to a reaction of a substrate. Alkaline phosphatase (ALP),
horse radish peroxidase (HRP) and f-galactosidase are
the commonly used enzymes. When these antibodies bind
to the NT-proBNP, the substrate is added to it, and a
catalysed reaction produces a colour change that helps
quantify NT-proBNP. The quality and quantity of the
assay depends on the antigen-antibody interaction. The
enzyme-substrate reaction completes within 30-60 min and
stops by adding sulfuric acid. A microtiter plate reader is
used to detect coloured reaction.3®3” ELISA has several
limitations including the necessity of a large sample volume,
long detection time of about four hours, and the cost of
instruments. Also compared to other types of assays, ELISA
is not sensitive enough to detect too small NT-proBNP
levels. 38

4.3. Chemiluminescence immunoassay

Chemiluminescence immunoassay is a modern and versatile
immunoassay has obtained remarkable attention and been
utilized for the quantitative determination of protein
analytes because of its high stability, ultra-sensitivity,
and specificity. Chemiluminescence is defined as the
emission of light because of chemical reaction. The
methods can be direct or indirect by using luminophore
markers and enzyme markers respectively. Acridinium and
ruthenium esters are the commonly used luminophores
whereas enzymatic markers used in indirect method include
alkaline phosphatase with adamantyl 1,2-dioxetane aryl
phosphate (AMPPD) substrate and horseradish peroxidase
with luminol or its derivatives as substrate.3°



Raveendran et al. /IP Indian Journal of Immunology and Respiratory Medicine 2024;9(1):3—-8

Roche Diagnostics has a variety of immunoassay
analysers like Elecsys 1010, 2010 and E170 to perform
NT-proBNP assay. Roche uses two polyclonal antibodies
designed at epitopes on residues 1-21 and 39- 50, labelled
with biotin and ruthenium complex respectively. Both
binds to NT-proBNP to form a sandwich. Detection is
by the addition of streptavidin labelled microparticles.
The immune complex is bound through biotin-streptavidin
interaction. The assay will take only 18 min, has a reference
range of 5-35,000 ng/L.*°

4.4. Stable isotope standards and capture by
anti-peptide antibodies (SISCAPA) assay

SISCAPA is an extended version of stable isotope dilution
used for the quantification of analytes by mass spectrometry.
Instead of measuring the whole analyte directly SISCAPA
utilizes proteolysis to degrade protein samples into smaller
units. SISCAPA is an immuno-mass spectrometric method
in which a high affinity antibody specific for a specific
peptide is used to enhance the target analyte from a complex
mixture such as human plasma or serum digest, elute and
quantify analyte against a known amount of a stable isotope
internal standard. The system utilizes an ’addition-only’
protocol whereby liquid reagents are added to the samples
throughout the procedure without any additional steps like
centrifugation, long chromatographic separation etc. 4142
Studies reported that NT-proBNP can also be quantified
using SISCAPA technology. Magnetic beads coated with
anti-peptide antibodies bind specific target peptides from
enzymatic digests of samples such as plasma and serum,
after which the beads are washed to remove unbound
particles, and the bound, purified peptides are eluted in small
volumes for injection into a mass spectrometric system.*3

4.5. Other methods

The application of optical labels in immunoassay can be
used to detect the amount NT-proBNP in the specimen.
According to Goryacheva et al.** blood sample is taken
onto a disposable plastic cartridge, inside that blood cells
are trapped within a semipermeable membrane. NT-proBNP
containing plasma move into a microfluidic system and is
transported to the reaction chambers by capillary forces.
NT-proBNP binds to the functionalized with anti-NT-
proBNP antibody imaging surface. The detection antibody
along with the dried magnetic particles dissolved within the
plasma, move to imaging surface by applying a magnetic
field and bind to the complex of NT-proBNP molecule
and anti-NT-proBNP-antibody. In the final step, unbound
magnetic particles are washed off from the imaging surface
using a magnetic field gradient in the opposite direction.
Specifically bound magnetic particles on the imaging
surface can be optically detected using Fourier-transform
infrared spectroscopy (FTIR).

Franziska et al.*> came up with an idea of using dry-
reagent microfluidic biosensor for the detection of NT-
proBNP with the help of silver nanoparticles. It has a simple
detection approach, required very less sample volume as
finger pricked (less than 10ul), also stability of the reagent
is good because of its dried form. Here, silver nanoparticles
are dried inside the microfluidic channel in a matrix
of trehalose sugar fixed with sodium sulphite as oxygen
scavenger. This effectively prevented the oxidation of silver
nanoparticle and facilitated dry and ready-to-use storage
for minimum 18 weeks. Based on this, laser-cut flow chips
were developed containing all bioassay reagents needed in
a ready-to-go dry format.

5. Discussion

5.1. NT-proBNP as a cardiac biomarker

Heart failure is a public health issue shows high mortality
and morbidity rates. In order to tackle this problem, it is
necessary to develop and adopt new techniques in diagnostic
field. NT-proBNP is considered as one of the best cardiac
markers in this field. NT-proBNP is a protein hormone
that originates from heart and blood vessels. Immunoassays
measure the amount of these hormone in blood sample. It
is normal to have certain amount of hormone in the blood,
but greater than normal levels may be a sign of heart failure.
High level of NT-proBNP also present in some conditions
such as kidney failure, sepsis, lung disorders etc. The half-
life of this hormone is around 120 min.

5.2. Immunoassays

Currently, various immunoassays with different principles
are available commercially to determine the level of
NT-proBNP. Most of the immunoassays are based on
non-competitive or sandwich method using a capture
antibody and detector antibody. Several diagnostic
platforms are provided by multinational health care
companies such as Roche diagnostics, Siemens, Abbott
laboratories etc. NT-proBNP can be quantified using
different techniques including immunofluorescence assay,
ELISA, CLIA, SISCAPA, microfluids methods and so
on. Different methods have different sample volume,
time of detection, sample type, accuracy, specificity, and
throughput. Immunofluorescence assays provide simple
and rapid detection where antibodies are immobilized on a
nitrocellulose membrane. ELISA is a time taking procedure
and need large sample volume. CLIA is modern and highly
advanced technique and provide high throughput results.
Here luminescence is produced as result of chemical
reaction. There are other techniques like SISCAPA and
assays based on microfluids are also there in the market
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6. Conclusion

Chemiluminescence immunoassay is the best among all
available immunoassays in the determination of cardiac
biomarkers. Because of its high stability, ultra-sensitivity,
specificity, and high throughput CLIA is considered as
the best diagnostic platform for the determination of NT-
proBNP.

7. Conflict of Interest

None.

8. Source of Funding

None.

Acknowledgments

None.

References

1.

12.

13.

14.

de Bold A, Borenstein HB, Veress AT, Sonnenberg H. A rapid
and potent natriuretic response to intravenous injection of atrial
myocardial extract in rats. Life Sci. 1981;28(1):89-94.

. Sudoh T, Kangawa K, Minamino N, Matsuo H. A new natriuretic

peptide in porcine brain. Nature. 1988;332(6159):78-81.

. Hall C. Essential biochemistry and physiology of (NT-pro)BNP. Eur

J Heart Fail. 2004,6(3):257-60.

. Mckie PM, Burnett JC. NT-proBNP: the gold standard biomarker in

heart failure. J Am Coll Cardiol. 2016;68(22):2437-9.

. Pan Y, Li D, Ma J, Shan L, Wei M. NT-proBNP test with improved

accuracy for the diagnosis of chronic heart failure. Medicine.

2017;96(51):e9181. HEarTO977MD TOOOOONO00009 TR,

. Sawada Y, Suda M, Yokoyama H, Kanda T, Sakamaki T, Tanaka

S, et al. Stretch-induced hypertrophic growth of cardiocytes
and processing of brain-type natriuretic peptide are controlled
by proprotein-processing endoprotease furin. J Biol Chem.
1997;272(33):20545-54.

. Mckie PM, Cataliotti A, Sangaralingham SJ, Ichiki T, Cannone V,

Bailey KR, et al. Predictive utility of atrial, N-terminal pro-atrial,
and N-terminal pro-B-type natriuretic peptides for mortality and
cardiovascular events in the general community: a 9-year follow-up
study. InMayo Clinic Proceedings. 2011;86(12):1154-60.

. Bettencourt P. NT-proBNP and BNP: biomarkers for heart failure

management. Eur J Heart Failure. 2004;6(3):359-63.

. Mcdonagh TA, Holmer S, Raymond I, Luchner A, Hildebrant P,

Dargie HJ, et al. NT-proBNP and the diagnosis of heart failure: a
pooled analysis of three European epidemiological studies. Eur J
Heart Fail. 2004;6(3):269-73.

. Richards M, Troughton RW. NT-proBNP in heart failure: therapy

decisions and monitoring. Eur J Heart Fail. 2004;6(3):351-4.

. De Lemos J, Mcguire DK, Drazner MH. B-type natriuretic peptide in

cardiovascular disease. Lancet. 2003;362(9380):316-22.

Pfister R, Scholz M, Wielckens K, Erdmann E, Schneider CA. The
value of natriuretic peptides NT-pro-BNP and BNP for the assessment
of left-ventricular volume and function. A prospective study of 150
patients. Dtsch Med Wochenschr. 1946;127(49):2605-9.

Li N, Zhang Y, Fan S, Xing J, Liu H. BNP and NT-proBNP levels in
patients with sepsis. Front Biosci (Landmark Ed). 2013;18(4):1237—
43.

Schellenberger U, O’rear J, Guzzetta A, Jue RA, Protter AA, Pollitt
NS, et al. The precursor to B-type natriuretic peptide is an O-linked
glycoprotein. Arch Biochem Biophys. 2006;451(2):160-6.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

34.

35.

36.

37.

. Weber M, Hamm C. Role of B-type natriuretic peptide (BNP) and
NT-proBNP in clinical routine. Heart. 2006;92(6):843-9.

. Semenov AG, Postnikov AB, Tamm NN, Seferian KR, Karpova NS,

Bloshchitsyna MN, et al. Processing of pro-brain natriuretic peptide is

suppressed by O-glycosylation in the region close to the cleavage site.

Clin Chem. 2009;55(3):489-98.

Man J, Barnett P, Christoffels VM. Structure and function of the

Nppa—Nppb cluster locus during heart development and disease. Cell

Mol Life Sci. 2018;75(8):1435-44.

. Lanfear DE. Genetic variation in the natriuretic peptide system and

heart failure. Heart Fail Rev. 2010;15(3):219-28.

Semenov AG, Seferian KR. Biochemistry of the human B-type

natriuretic peptide precursor and molecular aspects of its processing.

Clinica Chimica Acta. 2011;412(11-12):850-60.

Rose RA, Giles WR. Natriuretic peptide C receptor signalling in the

heart and vasculature. J Physiol. 2008;586(2):353-66.

Hall C. NT-ProBNP: the mechanism behind the marker. J Card Fail.

2005;11(5 Suppl):81-3.

Kroll MH, Twomey PJ, Srisawasdi P. Using the single-compartment

ratio model to calculate half-life, NT-proBNP as an example. Clin

Chim Acta. 2007;380(1-2):197-202.

Pfister R, Scholz M, Wielckens K, Erdmann E, Schneider CA. Use of

NT-proBNP in routine testing and comparison to BNP. Eur J Heart

Fail. 2004;6(3):289-93.

;Available from: https://www.semanticscholar.org/

paper/Human-ProBNP-and-proBNP-derived-Peptides/

6¢2fc495bdaadee7c230e2bc 1d97¢054d2f17d3e/figure/3.

Semenov AG, Katrukha AG. Analytical Issues with Natriuretic

Peptides — has this been Overly Simplified? EJIFCC.2016;27(3):189—

207.

Mueller T, Gegenhuber A, Dieplinger B, Poelz W, Haltmayer M.

Long-term stability of endogenous B-type natriuretic peptide (BNP)

and amino terminal proBNP (NT-proBNP) in frozen plasma samples.

Clin Chem Lab Med. 2004;42(8):942—4.

Cauliez B, Guignery J, Marinier S, Mariau I, Lavoinne A. Two-year

stability of NT-proBNP in frozen samples using the Roche Elecsys

system. Ann Clin Biochem. 2008;45(Pt 3):318-9.

Rutten JH, Boomsma F, Van Den Meiracker A. BNP and NT-proBNP:

clinical applications in (suspicion of) heart failure. FABAD J Pharm

Sci. 2006;31(3):143-50.

Lee JWD, Aw TC. Natriuretic Peptides in Clinical Practice: A Current

Review. J Immunol Sci. 2023;7(1):28-34.

Calvo-Fernandez A, Izquierdo A, Subirana I, Farre N, Vila J, Duran

X, etal. Rev Esp Cardiol (Engl Ed). 2021;74(7):576-83.

Pranata R, Huang I, Lukito AA, Raharjo SB. Elevated N-terminal

pro-brain natriuretic peptide is associated with increased mortality

in patients with COVID-19: systematic review and meta-analysis.

Postgrad Med J. 2020;96(1137):387-91.

Caro-Codon J, Rey JR, Buifio A, Iniesta AM, Rosillo SO, Castrejon-

Castrejon S, et al. Characterization of NT-proBNP in a large cohort of

COVID-19 patients. Eur J Heart Fail. 2021;23(3):456-64.

. Gao L, Jiang D, Wen XS, Cheng XC, Sun M, He B, et al. Prognostic

value of NT-proBNP in patients with severe COVID-19. Respir Res.

2020;21(1):83.

Lee-Lewandrowski E, Januzzi JL, Green SM, Tannous B, Wu AH,

Smith A, et al. Multi-center validation of the Response Biomedical

Corporation RAMP® NT-proBNP assay with comparison to the

Roche Diagnostics GmbH Elecsys® proBNP assay. Clin Chim Acta.

2007;386(1-2):204.

Wilkins MD, Turner BL, Rivera KR, Menegatti S, Daniele M.

Quantum dot enabled lateral flow immunoassay for detection

of cardiac biomarker NT-proBNP. Sensing Bio-Sensing Res.

2018;21:46-53. Hor10-10T0/1.sbsr.2018.10.002.

Crowther JR. Stages in ELISA. Methods Mol Biol. 2009;516:43-78.

doi 10,100 //978-1-6052/-254-4 3

Sakamoto S, Putalun W, Vimolmangkang S, Phoolcharoen W,

Shoyama Y, Tanaka H, et al. Enzyme-linked immunosorbent assay for

the quantitative/qualitative analysis of plant secondary metabolites. J

Nat Med. 2018;72(1):32-42.

o1 L0 LIXO/ST YT 0001337



http://dx.doi.org/10.1097/MD.0000000000009181
https://www.semanticscholar.org/paper/Human-ProBNP-and-proBNP-derived-Peptides/6c2fc495bdaa4ee7c230e2bc1d97c054d2f17d3e/figure/3
https://www.semanticscholar.org/paper/Human-ProBNP-and-proBNP-derived-Peptides/6c2fc495bdaa4ee7c230e2bc1d97c054d2f17d3e/figure/3
https://www.semanticscholar.org/paper/Human-ProBNP-and-proBNP-derived-Peptides/6c2fc495bdaa4ee7c230e2bc1d97c054d2f17d3e/figure/3
http://dx.doi.org/10.1186/s12931-020-01352-w
http://dx.doi.org/10.1016/j.sbsr.2018.10.002
http://dx.doi.org/10.1007/978-1-60327-254-4_3

38.

39.

40.

41.

42.

43.

44.

Raveendran et al. /IP Indian Journal of Immunology and Respiratory Medicine 2024;9(1):3—-8

Alawieh H, Chemaly TE, Alam S, Khraiche M. Towards point-of-care
heart failure diagnostic platforms: BNP and NT-proBNP biosensors.
Sensors. 2019;19(22):5003. HorTI3390/STI775003

Cinquanta L, Fontana DE, Bizzaro N. Chemiluminescent
immunoassay technology: what does it change in autoantibody
detection. Autoimmun Highlights. 2017;8:9. BEar T TONZSTIIT7-0T7]
a7

Albers S, Mir TS, Haddad M, Léer S. N-Terminal pro-brain natriuretic
peptide: normal ranges in the pediatric population including method
comparison and interlaboratory variability. Clin Chem Lab Med.
2006;44(1):80-5.

Fu Q, Murray CI, Karpov OA, Van Eyk J. Automated proteomic
sample preparation: The key component for high throughput and
quantitative mass spectrometry analysis. ~ Mass Spectrom Rev.
2023;42(2):873-86.

Edfors F, Bostrom T, Forsstrom B, Zeiler M, Johansson H, Lundberg
E, et al. Immunoproteomics using polyclonal antibodies and stable
isotope-labeled affinity-purified recombinant proteins. Mol Cell
Proteomics. 2014;13(6):1611-24.

Keshishian H, Addona T, Burgess M, Mani DR, Shi X, Kuhn E,
et al. Quantification of cardiovascular biomarkers in patient plasma
by targeted mass spectrometry and stable isotope dilution. Mol Cell
Proteomics. 2009;8(10):2339-49.

Goryacheva OA, Ponomaryova TD, Drozd DD, Kokorina AA,
Rusanova TY, Mishra PK, et al. Heart failure biomarkers BNP and
NT-proBNP detection using optical labels. TrAC Trends Anal Chem.

2022;146:116477. For- 101016/ trac. 20211164 77.

45. Beck F, Horn C, Bacumner AJ. Dry-reagent microfluidic biosensor
for simple detection of NT-proBNP via Ag nanoparticles. Anal Chim
Acta. 2022;1191:339375. : . 9373

Author biography

Haritha P Raveendran, Research Executive

Ajaikumar Sukumaran, Deputy Manager
2595-2222

https://orcid.org/0000-0002-

Arun R Krishnan, Research Officer
Jofy K Paul, Vice President

D M Vasudevan, Director

Cite this article: Raveendran HP, Sukumaran A, Krishnan AR, Paul JK,
Vasudevan DM. N-terminal pro-brain natriuretic peptide; current trends
in in-vitro diagnostics. IP Indian J Immunol Respir Med 2024;9(1):3-8.



http://dx.doi.org/10.3390/s19225003
http://dx.doi.org/10.1007/s13317-017-0097-2
http://dx.doi.org/10.1007/s13317-017-0097-2
http://dx.doi.org/10.1016/j.trac.2021.116477
http://dx.doi.org/10.1016/j.aca.2021.339375
https://orcid.org/0000-0002-2595-2222
https://orcid.org/0000-0002-2595-2222
https://orcid.org/0000-0002-2595-2222

	Introduction
	Biochemistry and Physiology of BNPs
	Clinical Significance of NT- proBNP 
	Elevated NT-proBNP in COVID-19 

	Analytical Tools
	Immunofluorescence assay 
	Enzyme-linked immunosorbent assay
	Chemiluminescence immunoassay
	Stable isotope standards and capture by anti-peptide antibodies (SISCAPA) assay
	Other methods

	Discussion
	NT-proBNP as a cardiac biomarker
	Immunoassays

	Conclusion
	Conflict of Interest
	Source of Funding

