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ABSTRACT

Structural proteins are essential for preserving the shape and functionality of the heart muscle
because of their fibrous nature and repeating amino acid sequence, forming stable structures. The
sarcomere is the fundamental unit of muscle contraction, primarily composed of structural proteins
like troponin, myosin, actin, and titin. An intracellular cascade that upsets calcium homeostasis and
activates proteolytic enzymes, which break down these vital structural proteins, is set off by an
oxygen shortage during a myocardial infarction. Ischemia, or low blood flow to the heart, is a
condition that compromises oxygen and nutrition-dependent cellular functions. Emerging cardiac
biomarkers for myocardial infarction MlI, include proteins viz, serpina3n, Nppa, and Anxal.
Therefore, this review explores their roles for clinical use and advantages over common cardiac

biomarkers for MI.

Traditional biomarkers like troponins and creatine kinase-MB are widely used but have limitations,
due to delayed elevation or specificity issues. Recent reports have identified Serpina3n as a
valuable biomarker for MI. Anxal is known for its anti-inflammatory properties, and Nppa is a
peptide hormone primarily secreted in response to atrial stretch and increased blood volume.
Further research is needed to explore the roles of these structural proteins in the diagnosis of

cardiac injuries.
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1. INTRODUCTION

Myocardial infarction (MI), commonly referred to
as “heart attack,” is caused by decreased or
complete cessation of blood flow to a portion of
the myocardium. It may be “silent” and go
undetected, or it could be a catastrophic event
leading to hemodynamic deterioration and
sudden death. As the most severe manifestation
of coronary artery disease, myocardial infarction
(Ml) is a complex and multifactorial
pathophysiologic  process.  However, the
pathogenesis that underlies MI remains unclear

[1].

To sustain its operations, the heart needs a
substantial energy source, which is supplied by
adenosine  triphosphate  (ATP),  primarily
generated via oxidative phosphorylation [2].
Cardiomyocytes are strictly dependent on
oxygen to meet their metabolic demands. An
interruption of coronary blood flow rapidly
stresses cardiomyocytes, ultimately leading to
apoptosis and necrosis [2]. Acute myocardial
infarction can occur when one or more big
epicardial coronary arteries are acutely blocked
for longer than 20 to 40 minutes. Because of the
occlusion, there is less oxygen in the
myocardium, which causes myofibril relaxation
and sarcolemmal disruption [3]. These changes
are one of the first ultrastructural changes in the

process of MI, which are followed by
mitochondrial  alterations. The  prolonged
ischemia ultimately results in liquefaction
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necrosis of myocardial tissue. The necrosis
spreads from the sub-endocardium to the sub-
epicardium. The subepicardium is believed to
have increased collateral circulation, which
delays its death [3].

Risk factors such as smoking and abnormal
apolipoprotein  ratio showed the strongest
association with acute myocardial infarction. The
increased risk associated with diabetes and
hypertension was found to be higher in women,
and the protective effect of exercise and alcohol
was also found as well [3]. Other risk factors
include a moderately high level of plasma
homocysteine, which is an independent risk
factor of MI and can be treated with folic acid,
vitamin B6, and vitamin B12. Some non-
modifiable risk factors for myocardial infarction
include advanced age, male gender and
genetics. The role of genetic loci that increase
the risk for Ml is under active investigation [3].

In addition to being utilized for prognosis and
management in patients with acute heart failure,
pulmonary embolism, and other disease states,
cardiac markers are also employed for the
diagnosis and risk classification of patients with
chest discomfort and suspected acute coronary
syndrome (ACS). Cardiac markers are
categorized into four groups: those that indicate
myocardial ischemia (ischemia-modified
albumin), those that indicate myocardial necrosis
(myoglobin, cardiac troponins, and creatine
kinase-MB [CK-MB] fraction), those that suggest
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myocardial stress (natriuretic peptides), and
those that indicate inflammation and prognosis
(C-reactive protein [CRP], soluble CD40 ligand
[sCD40L], and homocysteine) [4].

However, new cardiac biomarkers are evolving
such serpina3n, NPPA and Anxal proteins as
predictive tools in earlier diagnosis of Ml.
Therefore, this review explores their roles for
clinical use and advantages over common
cardiac biomarkers for MI.

2. OVERVIEW OF COMMON CARDIAC
BIOMARKERS

Initially, the CK-MB isoenzyme was the preferred
biochemical diagnostic for identifying acute MI.
CK-MB is found in skeletal muscle as well,
despite being more concentrated in the
myocardium. False-positive increases can arise
in a variety of clinical contexts, such as
myopathy, trauma, and intense exercise.

After the appearance of symptoms, CK-MB first
occurs 4-6 hours later, peaks at 24 hours, and
then returns to normal in 48—-72 hours. It has
limited use in both early (before 72 hours) and
late (beyond 72 hours) acute MI diagnosis. But if
its levels increase after first falling after an acute
Ml, its release kinetics can help diagnose
reinfarction. The tissue CK-MB1 isoform usually
predominates, hence the ratio of CK-MB2/CK-
MB1 is usually less than 1. If the ratio is more
than 1.7 and the CK-MB2 is increased, the
outcome is positive. CK-MB2 can be detected in
serum within 2-4 hours after infarction onset and
peaks at 6-9 hours, making it an early marker for
acute MIl. Two large studies evaluating its use
revealed a sensitivity of 92% at 6 hours after
symptom onset, compared with 66% for CK-MB
and 79% for myoglobin [5].

Myoglobin is a heme protein found in skeletal
and cardiac muscle that has attracted
considerable interest as an early marker of M.
Its early release profile is explained by its low
molecular weight: After an infarction, myoglobin
usually increases 2-4 hours later, peaks 6-12
hours later, and returns to normal in 24-36 hours.
While there are rapid myoglobin assays
available, they are not cardio-specific [5].

The troponins are regulatory proteins found in
skeletal and cardiac muscle. In addition to being
used in the diagnosis of MlI, an elevated troponin
level can identify patients at high risk for major
adverse cardiac events (MACE). Three subunits
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of troponin have been identified: troponin | (Tnl),
troponin T (TnT), and troponin C (TnC). The
genes that encode for the skeletal and cardiac
isoforms of TnC are identical, meaning that there
is no structural difference between them [6].
Other studies revealed that an elevated troponin
level at baseline was an independent predictor of
mortality, even in patients with chest pain and
acute Ml with ST-segment elevation (STEMI)
who were eligible for reperfusion therapy [7].

Ischemia-modified albumin (IMA) is a novel
marker of ischemia that is produced when

circulating serum albumin contacts ischemic
heart tissues [8]. After a brief period of
myocardial ischemia, IMA levels increase,

peaking within 6 hours, and can last up to 12
hours. But individuals with advanced cancer,
certain infections, and cirrhosis also have
elevated IMA levels, which lowers the assay's
specificity [8].

3. MOLECULAR CARDIAC PROTEINS

3.1Changes of Cardiac  Structural
Proteins in Myocardial Infarction

Structural proteins are essential components of
cells and tissues for stability, strength, and
shape. Due to their fibrous nature and repeating
amino acid sequence, these proteins can form
stable structures and play a crucial role in
maintaining the architecture and function of the
heart muscle. Structural proteins such as titin,
myosin, actin, and troponin are essential
components of the sarcomere, the basic unit
responsible for muscle contraction. The
significant alterations in these proteins contribute
to the changes observed in cardiac muscle in Ml,
particularly in terms of contractile function and
overall structural integrity [9].

During a myocardial infarction, the reduced blood
supply to the heart causes ischemia, leading to a
breakdown in cellular processes that rely on
oxygen and nutrients. The oxygen deficit triggers
an intracellular cascade that disrupts calcium
homeostasis and activates proteolytic enzymes
like calpains. These enzymes degrade key
structural proteins such as titin and myosin,
which are responsible for maintaining the
elasticity and contractile strength of the heart
muscle [10]. As these proteins degrade, the
structural integrity of the sarcomere s
compromised, weakening the muscle’s ability to
contract, thus reducing cardiac output [10]. This
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structural disintegration is a factor

contributing to heart failure post-Ml.

key

Additionally, the loss of dystrophin and other
cytoskeletal proteins further compromises the
stability of cardiac cells, leading to cell death and
weakening of the heart wall [11]. The heart
muscle heals by fibrosis, resulting in stiffness.
This alters the geometry of the heart, leading to
ventricular remodeling and loss of contractile
efficiency [11].

The changes in structural proteins not only affect
the mechanical function of the heart but also
have implications for cellular signaling and the
regulation of cardiac muscle contraction. Proteins
like troponin, responsible for regulating calcium
binding during muscle contraction, are degraded
during MI, leading to an impairment in the
excitation-contraction coupling mechanism. This
results in diminished contractile force and
contributes to worsening cardiac function after
the infarction [12].

4. PROMISING DIAGNOSTIC CARDIAC
BIOMARKERS

4.1 Serpina3n

This is a serine protease inhibitor released into
the circulation during muscle atrophy [1].
Serpina3n, also called a-1-antichymotrypsin is a
member of the serine protease inhibitor family
and plays a role in inflammatory processes and
tissue remodeling, which are integral to cardiac
pathology.

The protein's ability to inhibit proteases such as
neutrophil elastase and proteinase 3 suggests its
role in modulating inflammatory responses and
tissue damage [13].

In acute myocardial infarction (AMI) traditional
biomarkers like troponins and creatine kinase-
MB are widely used but have limitations, such as
delayed elevation or specificity issues. Recent
reports have identified Serpina3n as a valuable
biomarker for AMI [14]. Elevated Serpina3n
levels were found to correlate with the severity of
myocardial injury, providing a potential adjunct to
traditional biomarkers in diagnosing AMI.

Inflammation  plays a crucial role in
atherosclerosis, a  precursor to  many
cardiovascular events such as AMI and

Serpina3n's role as an inflammatory mediator
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makes it a candidate for evaluating
atherosclerotic disease [14]. Serpina3n levels
were elevated in patients with significant
atherosclerosis, suggesting its potential role in
assessing disease progression and therapeutic
response. The biomarker’s ability to reflect
inflammatory processes may provide insights into
the pathogenesis of atherosclerosis [14].

Serpina3n has emerged as a potential additional
marker for heart failure HF. Studies have shown
that its levels are elevated in HF patients and
correlate with disease severity [15]. This
suggests that Serpina3n could provide
supplementary information on cardiac stress and
inflammation, improving diagnostic accuracy and
patient management. A good biomarker's
sensitivity and specificity for the relevant disease
are among its most important characteristics.
Serpina3n  has demonstrated encouraging
outcomes in terms of cardiac disease sensitivity
and specificity. According to reports, myocardial
damage and inflammation cause Serpina3n
levels to rise dramatically, giving it a sensitive
marker for identifying both acute and chronic
heart problems [16].

4.2 Anxal

Anxal is a calcium-dependent phospholipid-
binding protein that acts in immune system
modulation and cell membrane organization [17]
highly relevant in the context of myocardial
infarction. It is a 37-kDa protein involved in
various physiological processes, including
inflammation, cell differentiation, and apoptosis.
It is characterized by its ability to bind
phospholipids in a calcium-dependent manner,
which plays a crucial role in cellular membrane
dynamics and signal transduction [18].

Anxal is known for its anti-inflammatory
properties. It regulates inflammation by inhibiting
the recruitment and activation of leukocytes and
modulating the release of pro-inflammatory
cytokines [19]. Li et al. [15] demonstrated that
serum levels of Anxal were significantly elevated
in patients with acute myocardial infarction
compared to healthy controls and patients with
non-cardiac conditions. The study found that
Anxal levels correlated with myocardial injury
markers, indicating its potential as a sensitive
indicator of myocardial damage [15].

Compared to troponins, which specifically
indicate myocardial cell damage, Anxal provides
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complementary information related to
inflammatory responses and tissue remodeling.
A study compared Anxal with troponins and B-
type natriuretic peptide BNP, in patients with
acute myocardial infarction and found that Anxal
levels offered additional diagnostic value,
particularly in cases where troponin levels were
inconclusive [20]. Although BNP is used primarily
to assess heart failure and fluid overload, anxal,
while providing different information related to
inflammation and tissue repair, could be used
alongside BNP to offer a more
comprehensive assessment of cardiac
conditions. Maisel et al. [21] suggested that
combining Anxal with BNP might improve
diagnostic accuracy, particularly in patients with
complex presentations.

4.3 Nppa

Nppa is a peptide hormone primarily secreted by
the heart atria in response to atrial stretch and
increased blood volume. It is synthesized as a
prohormone, and cleaved to produce its active
form, atria natriuretic peptide ANP. The peptide
exerts its physiological effects by binding to
specific receptors, leading to the production of
cyclic guanosine monophosphate (cGMP). This
signaling pathway promotes natriuresis, diuresis,
and vasodilation, which collectively
help in regulating blood pressure and fluid
balance [22].

In myocardial infarction, the heart's
hemodynamic stress and ischemic conditions
can lead to elevated levels of Nppa. This
elevation reflects the increased atrial pressure
and myocardial stress associated with ischemic
events [23]. Given its role in modulating
cardiovascular homeostasis, Nppa is a relevant
marker for assessing myocardial injury and
cardiac function during an MI.

5. CONCLUSION

Structural proteins are essential for preserving
cardiac function. When they are altered or
degraded during myocardial infarction (Ml), the
heart's capacity to sustain efficient contractions
is significantly altered, which increases the risk of
heart failure, infarction, and other complications
following the MI. It's interesting to note that all
three of the proteins are readily identifiable in
plasma as they are secreted. As a result, these
proteins show promise as MI biomarkers for
either diagnosis or therapy. Additional

clinical research is required to investigate
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these
important

between
identify

the connections
proteins and MI and to
biomarkers.

DISCLAIMER (ARTIFICIAL INTELLIGENCE)

Author(s) hereby declare that NO generative Al
technologies such as Large Language Models
(ChatGPT, COPILOT, etc.) and text-to-image
generators have been used during the writing or
editing of this manuscript.

CONSENT AND ETHICAL APPEOVAL
It is not applicable.
COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES
1. LiY,Wang C,Li T, Ma L, Fan F, Jin Y, et
al. The whole transcriptome and proteome
changes in the early stage of myocardial
infarction. Cell Death Discovery. 2019;5:1—
9.
Avalilable:https://www.nature.com/articles/s
41420-019-0152-z

Schirone L, Forte M, D’ambrosio L, Valenti
V, Vecchio D, Schiavon S, et al. An
Overview of the Molecular Mechanisms
Associated with  Myocardial Ischemic
Injury: State of the Art and
Translational Perspectives. Cells. 2022;
11:1165.

Available: https://www.mdpi.com/2073-
4409/11/7/1165/htm

Ojha N, Dhamoon AS. Myocardial
Infarction. StatPearls. 2023, Aug 8.
Available:https://www.ncbi.nlm.nih.gov/boo
ks/INBK537076/

Jacob R, Khan M. Cardiac biomarkers:
What is and what can be. Indian J
Cardiovasc Dis Women WINCARS. 2018
Dec;3(4):240.

Available: /pmc/articles/PMC6957084/
Zimmerman J, Fromm R, Meyer D,
Boudreaux A, Wun CCC, Smalling R et al.
Diagnostic marker cooperative study for
the diagnosis of myocardial infarction.
Circulation. 1999, Apr 6;99(13):1671—
7.

Antman EM, Tanasijevic MJ, Thompson B,
Schactman M, McCabe CH, Cannon CP,

6.



10.

11.

12.

13.

14.

Ojedokun et al.; J. Med. Health Res., vol. 9, no. 2, pp. 45-51, 2024; Article no.JOMAHR.12528

et al. Cardiac-Specific Troponin |
Levels to Predict the Risk of
Mortality in Patients with Acute Coronary

Syndromes. New England Journal of
Medicine. 1996, Oct 31;335(18):1342-
9

lliou MC, Fumeron C, Benoit MO, Tuppin
P, Calonge VM, Moatti N, et al. Prognostic
value of cardiac markers in ESRD: Chronic
hemodialysis and new cardiac markers
evaluation (CHANCE) study. American
Journal of Kidney Diseases. 2003, Sep
1;42(3):513-23.

Albumin cobalt binding assay to rule out
acute coronary syndrome. Read by QxMD.
Available:https://read.gxmd.com/read/1583
0711/albumin-cobalt-binding-assay-to-rule-
out-acute-coronary-
syndrome?redirected=slug

Prabhu SD, Frangogiannis NG. The
biological basis for cardiac repair after
myocardial infarction: From inflammation to
fibrosis. Circ Res. 2016, Jun 6;119(1):
91.

Available: /pmc/articles/PMC4922528/

Solis C, John Solaro R. Novel
insights into  sarcomere  regulatory
systems control of cardiac thin filament
activation. J Gen Physiol. 2021, Jul
7:153(7).

Available: /pmc/articles/PMC7988513/
Frangogiannis NG. The inflammatory

response in myocardial injury, repair, and
remodelling. Nat Rev Cardiol. 2014;
11(5):255-65.
Available:https://pubmed.ncbi.nim.nih.gov/
24663091/

Gao H, Wang Y, Shen A, Chen H, Li H.
Acute myocardial infarction in young men
under 50 years of age: Clinical
characteristics, treatment, and long-term
prognosis. Int J Gen Med. 2021;14:9321—
31
Available:https://pubmed.ncbi.nim.nih.gov/
34898997/

reviews PGC, 2002 undefined. Serpin
structure, mechanism, and function. ACS
PublicationsPGW GettinsChemical
reviews, 2002-ACS Publications; 2024 Oct
11.
Available:https://pubs.acs.org/doi/full/10.10
21/cr010170+

de Mezer M, Rogalinski J, Przewozny S,
Chojnicki M, Niepolski L, Sobieska M, et al.
SERPINA3: Stimulator or inhibitor of
pathological changes. Biomedicines. 2023,
Jan 1;11(1):156.

50

15.

16.

17.

18.

19.

20.

21.

22.

Available:https://pmc.ncbi.nim.nih.gov/articl
es/PMC9856089/

Li B, Lei Z, Wu Y, Li B, Zhai M, Zhong Y, et
al. The Association and pathogenesis of
SERPINAS in coronary artery
disease. Front Cardiovasc Med. 2021;
8:756889.

Available: /pmc/articles/PMC8692672/
Zhao Y, Lyu N, Zhang W, Tan H, Jin Q,
Dang A. Prognosis implication of N-
terminal Pro-B-type natriuretic peptide in

adult patients with acute myocarditis.
Front Cardiovasc Med. 2022, Mar
30;9:839763.

Available: www.frontiersin.org

Gavins FNE, Hickey MJ. Annexin Al and
the regulation of innate and adaptive
immunity. Front Immunol. 2012, Nov
27;3(NOV):35091.

Available: www.frontiersin.org

Adel FW, Rikhi A, Wan Siuhin, lyer Sr,
Chakraborty H, Mcnulty S, et al
Annexin Al is a potential novel
biomarker of congestion in acute heart
failure. J Card Fail. 2020, Aug 1;26(8):
727.

Available: /pmc/articles/PMC7484139/
Perretti M, Dalli J. Exploiting the Annexin
Al pathway for the development of novel
anti-inflammatory  therapeutics. Br J
Pharmacol. 2009, Oct;158(4):936—46.
Available:https://pubmed.ncbi.nim.nih.gov/
19845684/

Zhao L, Zheng M, Guo Z, Li K, Liu Y, Chen
M, et al. Circulating Serpina3 levels predict
the major adverse cardiac events in
patients with myocardial infarction. Int J
Cardiol. 2020, Feb 1;300:34-8.
Available:https://pubmed.ncbi.nim.nih.gov/
31439424/

Maisel A. B-type natriuretic peptide levels:
Diagnostic and prognostic in congestive
heart failure: What's next? Circulation.
2002 May 21;105(20):2328-31.
Available:https://pubmed.ncbi.nim.nih.gov/
12021215/

Krylatov AV, Tsibulnikov SY,
Mukhomedzyanov AV, Boshchenko AA,
Goldberg VE, Jaggi AS, et al

The role of natriuretic peptides in the
regulation of cardiac tolerance to
ischemia/reperfusion and postinfarction
heart remodeling. J Cardiovasc
Pharmacol Ther. 2021 Mar 1;26(2):131—
48.
Available:https://journals.sagepub.com/doi/
full/10.1177/1074248420952243



Ojedokun et al.; J. Med. Health Res., vol. 9, no. 2, pp. 45-51, 2024; Article no.JOMAHR.12528

23. Potter LR, Abbey-Hosch S, functions. Endocr Rev. 2006,
Dickey DM. Natriuretic peptides, their Feb;27(1):47-72.
receptors, and cyclic guanosine Available:https://pubmed.nchi.nim.nih.gov/
monophosphate-dependent signaling 16291870/

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://prh.ikprress.org/review-history/12528

51


https://prh.ikprress.org/review-history/12528

