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Abstract

Considering to pathogenetic mechanisms of Ml a few classical biomarkers have been used for diagnosis of
MI or acute coronary syndrome. Lately novel markers have been identified to provide diagnostic and prognostic
information and outcome of MI or acute coronary syndrome. A few novel biomarkers are overviewed in this article.
A few novel biomarkers mentioned in this article showed significant relation to left ventricle remodelling and poor

prognosis after myocardial infarction.
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Introduction

Myocardial infarction (MI) occurs as a result of coronary artery
occlusion that obstructs the blood supply to the myocardium in the
left ventricle (LV) [1]. LV remodeling can be described as cellular,
interstitial, molecular and genetic changes that manifest clinically.
These changes adjusts size, shape and function of the LV after a cardiac
injury such as a myocardial infarction [2]. Myocardial infarction results
in the migration of macrophages, monocytes, and neutrophils into the
infarct zone; this initiate intracellular signaling and neurohormonal
activation, which localizes the inflammatory response. Changes in
circulatory system are determined by the loss of myocytes, the excitation
of the sympathetic nervous system, actuation of renin-angiotensin-
aldosterone system or release of natriuretic peptides [3].

Literature Review

LV remodeling after MI has been divided into two phases: an
early phase (via 72 hours) and a late phase (under 72 hours). In early
remodeling phase infarct expansion results from the degradation of
the intermyocyte collagen struts by serine proteases and the activation
of matrix metalloproteinases (MMPs) released from neutrophils.
Wall stress stimulates mechanoreceptors and transduces intracellular
signals via angiotensin IT (Ang II) release, which presents the increased
synthesis of contractile assembly units. Disturbation in circulatory
hemodynamics trigger the sympathetic adrenergic system, which
stimulates catecholamine, activates the renin-angiotensin-aldosterone
system, and induces the production of atrial and brain natriuretic
peptides (ANP, BNP). Late remodeling phase involves myocyte
hypertrophy and changes in ventricular structure to distribute the
increased wall stresses. In this phase myocyte hypertrophy is initiated by
neurohormonal and renin-angiotensin system activation, myocardial
extension, and paracrine-autocrine factors [3,4].

Remodeling of LV develops in few different mechanisms

1. Inflammation (C-reactive protein, TNF-q, soluble TNF receptors,
Fas, interleukins (I, 6 and 18), osteoprotegerin, adiponectin)

2. Hypertrophy/fibrosis (Matrix metalloproteinases, collagen
propeptides, galectin-3, soluble ST2).

3. Apoptosis (GDF-15)
4. Misc (MicroRNA, quiescin Q6, VEGFR-1)

Considering to pathogenetic mechanisms of MI a few classical
biomarkers have been used for diagnosis of MI or acute coronary

syndrome. Lately novel markers have been identified to provide
diagnostic and prognostic information and outcome of MI or acute
coronary syndrome.

Classical Biomarkers

Three biomarkers assess different pathways implicated in the
pathogenesis of LV remodeling:

1. Troponin I (Tnl) increase indicates myocyte injury

2. Brain (B-type) natriuretic peptide (BNP) is increased in
response to LV overload

3. C-reactive protein (CRP) is a marker of inflammation
Troponin I (Tnl)

Troponin I is a part of the troponin complex. The troponin
complex consists of three subunits that regulate the calcium-mediated
contractile process of striated muscle. These include troponin C,
which binds Ca2*, troponin I (TnI), which binds to actin and inhibits
actin-myosin interactions, and troponin T (TnT), which binds to
tropomyosin, thereby attaching the troponin complex to the thin
filament. Following myocyte injury, the initial release of cTnT and cTnI
is from the cytosolic pool, followed subsequently by release from the
structural (myofilamentbound) pool [5].

For MI, cardiac troponin T (cTnT) and cardiac troponin I (cTnlI) are
regarded as more sensitive and specific than other cardiac biomarkers.
cTnT and cTnl remain in the blood stream approximately more than
10 days, reaches to peak approximately 1 day to 2 days after myocardial
injury as suggested by Thygesen and Alpert in 2000. Because of its
prolonged release in the blood, these biomarkers are useful diagnosing
sub-acute myocardial infarction [4]. Studies showed that patients
with elevated admission ¢Tnl had a significantly higher incidence of
cardiac mortality and of cardiac events, i.e., death, nonfatal myocardial
infarction, target-vessel revascularization [6].
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Natriuretic peptides (bnp and nt-probnp)

Brain (B-type) natriuretic peptide (BNP) is a 32-amino acid peptide
that is synthesized and released predominantly from ventricular
myocardium in response to myocyte stretch. Like atrial natriuretic
peptide (ANP), BNP seems to have almost exclusively beneficial
physiological properties, including balanced vasodilation, natriuresis,
and inhibition of both the sympathetic nervous system and the renin-
angiotensin-aldosterone axis [7]. It is synthesized in ventricular
myocardium and is released in response to increased wall stress [4].

In DETECT study were shown that elevated NT-pro-BNP plasma
levels at baseline were associated with increased 5-year hazard ratios for
all-cause mortality (HR 5.02; CI 3.26-7.72; p<0.0001) and for incident
major cardiovascular events (HR 4.38; CI 2.82-6.80; p<0.0001),
consisting of cardiovascular events and mortality due to myocardial
infarction or sudden cardiac death [8].

C-reactive protein (CRP)

C-reactive protein (CRP) is an acute inflammatory phase protein
which activates macrophages and oxidative stress. It is considered
as a risk factor and biomarker for cardiovascular disease. Increased
level of CRP is associated with left ventricular (LV) dysfunction and
demonstrate higher mortality and morbidity risk in patients with heart
failure. It is an independent factor of ischemic or non-ischemic etiology
and other cardiovascular risk factors [9]. CRP is reported to promote
fibrosis and inflammation in angiotensin II induced myocardial
remodeling [10].

Study by Orn et al. showed that two days following PCI, CRP levels
were strongly correlated to NT-proBNP level, infarct size and LVEE
There was no correlated to LV volumes, but was inverse correlation to
non-infarcted LV mass. A similar pattern of correlations was seen at
1 week, but not after 2 months. In contrast to C-reactive protein, IL-6
was correlated with infarct size only at 2 days as assessed by CMR (0.38,
P=0.01), but not by enzymatic methods [11].

In the study by Schoos MM et al. were indicated that CRP at
baseline was associated with infarct size, LVEF and end systolic volume
(ESV) at baseline and 6 months follow up [12].

These findings suggest that CRP itself may play some role in the
development of LV dysfunction and remodeling [9].

In addition, new studies by Hofmann et al. and Savvatis et al,,
showed that inflammatory factors deficiency;, i.e., defect of IL-13 or IL-
23, cause adverse remodeling after MI and can worsen outcomes after
AMI [13,14].

Discussion

Novel markers

Matrix metalloproteinases (MMPs): Matrix metalloproteinases
(MMPs) are a large family of calcium dependent and zinc containing
endopeptidases. MMPs innitiate tissue remodeling and degradation
of the extracellular matrix (ECM) such as collagen, elastins, matrix
glycoproteins, proteoglycan, gelatin. They are controlled by hormones,
growth factors and cytokines and are excreted by a variety of tissue and
pro-inflammatory cells, i.e., fibroblasts, osteoblasts, endothelial cells,
macrophages, neutrophils, lymphocytes [15]. So far 28 types of human
matrix metalloproteinases have been recognized and been classified
as collagenases, gelatinases, stromelysins, matrilysins, membrane-
Type [16]. Researches of MI have showed increased levels of several
MMPs. Most of all, MMPs-1, -2, -3, -7, -8, -9, -13, and -14 levels were

increased. MMPs -2, -8, -9, and-13 have been evaluated in plasma and
tissue samples [17].

MicroRNAs (miRNAs): MicroRNAs (miRNAs) are endogenously
expressed small non-coding RNA molecules. Genes encoding miRNAs
can be found in genomes of almost all organisms, including viruses.
Their prime mechanism of action is posttranscriptional repression
of gene expression [18]. It is suggested that the short length (22 nt)
maximizes target gene specificity and minimizes non-specific effects. It
is estimated that miRNAs regulate approximately 30% of genes within
the human genome [19]. There are counted over 2000 encoded human
miRNAs.

Most miRNA species are very stable and detectable in the
peripheral blood or plasma, and the levels of circulating miRNAs varies
in individuals with various pathological conditions, that make them
excellent diagnostic and prognostic biomarkers for different diseases,
i.e., cancer or diabetes [20,21]. In recent years, studies have reported
the diagnostic value of miRNAs in the setting of AMI [22,23]. And
new reports have examined the association among predictive value of
circulating miRNAs and cardiac remodeling after AMI.

Pin et al. study revealed that plasma miR-208b and miR-34a
could serve as available predictors for LV remodeling after AMI and
were associated with the six months mortality or development of
heart failure-23.1% experienced this primary endpoint. MiR-208b is
characterized as cardiac-specific microRNA in early diagnosis of AMI and
where showed a correlation between plasma miR-208b and LV dysfunction
after MI. Despite miR-34 family has protective attribute against pathological
cardiac remodeling, though overexpression of miR-34a demonstrates
induced endothelial cells aging and atherosclerosis [24].

In a study by Devaux et al. [25], low levels of miR-150 are associated
with LV remodeling after the first ST-AMI. According to Devaux et al.
[26], low levels of miR-150, miR-101 or elevated levels of miR-16 and
miR-27a were at increased risk of impaired LV contractility and were
involved in cardiac remodeling after MI.

Even so, two studies have shown that some of miRNAs (i.e., miR-
133a and miR-423-5p) are not useful as biomarkers for prognosis of
patients with STEMI or for an incidence of LV remodeling 1 year after
anterior AMI [27,28].

Galectin-3: Galectin-3 is a B-galactoside-binding lectin secreted by
activated macrophages, which has gained interest as at least a marker
of, or possibly even a potential mediator in inflammation and fibrosis,
processes that are central to the pathophysiology of LV remodeling
[29,30].

Tsai et al. suggested few important clinical implications of
galectine-3: 1) circulating galectine-3 was significantly higher in AMI
patients than in normal controls; 2) there were significant positive
correlations of high circulating galectine-3 to an advanced Killip score,
unstable hemodynamics requiring IABP support, advanced CHF and a
high CADILLAC risk score; 3) elevated galectin-3 was proven to be a
strong independent predictor of 30-day MACO (major adverse clinical
outcome) among patients with STEMI undergoing primary PCI [31].

Though, Weir et al. had demonstrated that higher galectin-3
concentrations at baseline were significantly associated with lower LVEF
at 24-week follow-up, although there was no significant relationship
between galectin-3 and remodeling per se [32].

Growth differentiation factor 15 (GDF-15): Growth
differentiation factor 15 (GDF-15) is a protein that is encoded by this
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gene which belongs to the transforming growth factor-beta (TGF-beta)
family. This protein is expressed in cells as a response in cell injury and
acts pleiotropicaly. Increased protein levels are associated with tissue
inflammation, hypoxia, acute cell injury or oxidative stress. In normal
tissue condition, GDF-15 is not expressed however, during ‘stress; its
levels have been shown to increase [33].

Conclusion

A few clinical investigations showed that GDF-15 is an independent
predictor of LV remodeling, death and heart failure in patients
with STEMI. Echocardiographic and GDF-15 measurements were
performed at baseline and were repeated 6 months or 12 months later.
Studies demonstrated-patients with higher GDF-15 levels above the
median had lower LV ejection fraction, increased risk of HF or death
[34-36].
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