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Summary

Myocardial infarction (MI) is the most common cause of cardiac
injury, and subsequent reperfusion further enhances the activation of
innate and adaptive immune responses and cell death programs.

There are many genetic factors which are makes an individual more
susceptible to Myocardial infarction occurrence such as SIRT3 gene.

Recent studies were included SIRT3 gene polymorphism because it
has important function in MI , SIRT3 regulates the enzymatic activity of
the key enzymes of oxidative phosphorylation via deacetylation, there by

regulating mitochondrial energy metabolism.

Myocardial infarction managements must be quickly and the time
of MI diagnosis is necessary for treatment .there are many biomarkers
used in MI diagnosis but not MI specific biomarker as troponine which is
a good biomarker but after myocytes necrosis occur therefore other the
recent studies are suggest using miRNAs as MI biomarker. MiRNAs are
endogenous, noncoding, single-stranded RNAs of ~22 nucleotides and

constitute a novel class of gene regulators.

The aim of present study is to find out a non invasive diagnostic
miRNA biomarker (miRNA-1,miRNA-145) for myocardial infarction
with high sensitivity and specificity and to study if there is a role for
SIRT3 gene polymorphism in Myocardial infarction susceptibility. To
achieve this goal ,a blood sample were collected from three groups. The
first group was 24 patients with myocardial infarction which include (
16male and 8female ) ,who were observation in coronary Care Unit of
Al-Diwaniyha teaching hospital , Second group was include 24 patients
who have risk factor for MI ( Hypertension, Hyperlipidemia, Diabetes

mellitus), Third group was include 19 healthy volunteers(non coronary



artery diseases ). Blood sample were collected by venipuncture from
these groups (five millimeter of venous blood ). Each blood sample of
three groups were collected to 2 ml of blood collected directly in a sterile
tube containing EDTA for DNA extraction ,(Amplification refractory
mutation system)ARMS-method application to studySIRT3 gene
polymorphism (rs56312618; rs12293349 ;rs11246029), 3 ml were
collected in EDTA free plane tube and allowed to clot then serum has
been separated in Eppendrof tube then use for miRNA-1and miRNA-145
qPCR

Regarding to gender distribution about (66.7%)of MI patients were
male, and (33.3%)MI patients were female, while the risk group included
(41.7%) male and (58.3%) female and the control group included
(68.4%) male and (31.6%) women. There was no significant difference
in mean age among the three groups regarding distribution of patients
according to gender (P=0.121), which ensures gender match that is
mandatory for such a study According to result of present work.

There were only significant correlation concerning rs11246029
genotype was seen in CC variant between MI and control group with an
EF= 0.56. While in case of rs12293349 genotype the significant
difference was seen in CT variant, between MI and control (p=0.05)
group with an EF= 0.55.The rs56312618 genotype show significant
difference in AA variant, between MI and control group(p=0.027), also
with EF=0.59. while of miRNA-145 fold change was significantly lowest
in the Myocardial infarction group followed by risk group and then by
control group (P<0.05).

Receiver operator characteristic (ROC) analysis was done in order to
find sensitivity and specifity ; the cut off value was identified at miRNA-1
of >5.28 fold change with a sensitivity of 91.67 % and a specificity of

II



90.7%,while the cut off value of miRNA-145  has cut off <0.7 fold
change with a sensitivity of 95.83 % and a specificity of 89.47%
.Concerning the prognostic value of above miRNA (ROC) analysis , the
miNAR-1 have predictive value of MI recurrence  with sensitivity and
specificity(40%,89.47%) respectively.  while, miRNA-145 have a
predictor of recurrence of MI with sensitivity and specificity (40% ,
94.74 %) respectively.

Conclusion: The individuals with SIRT3 gene promoter; rs56312618
genotype(AA variant ) ;rs12293349 genotype (CT variant );rs11246029 (
CC variant) were seem at risk for myocardial infarction.

The characteristic of ( miR-1,miR145) and theirs high sensitivity and
Specificity in this study bush to use them as alone biomarker or
supported for Other biomarker in AMI diagnosis .

In addition miRNA-1, miRNA-145 can be using as biomarkers in
Myocardial infarction prognosis interpretation but with a caution.

Present study didn't find any significant associated between
(miRNA-1 or miRNA-145) and SIRT3 gene polymorphism.

There was negative correlation between miRNA-1 and miRNA-145
(r=-0.501, P<0.001).
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1 Introduction

Acute myocardial infarction resulting from the rupture or erosion
of an atherosclerotic plaque with thrombotic occlusion of an epicardial
coronary artery(Ai, Zhang et al. 2010) Myocardial It is the most prevalent
cause of death(Nymark 2015). The European Society of Cardiology
guidelines suggest that every sixth male and every seventh woman in
Europe will die due to an AMI (Cardiology 2012). The Known MI risk
factors include hypertension, smoking, diabetes, hyperlipoproteinemia ,
hypercholesterolemia and genetic factors as PCSK9, SORTI, MIA3,
WDR12, MRAS,SIRT3 gene and others genes . SIRT3 gene controls
the flow of mitochondrial oxidative pathways and reactive oxygen
species (ROS) production, ROS generation and mitochondrial functions,
leading to death of cardiomyocytes(Sun, Liu et al. 2018). Though
genome-wide association studies have identified more than 50 genetic
loci to CAD, these genetic variants account for only 10% of
cases(Roberts 2014, Ozaki and Tanaka 2016). To date, genetic causes and
underlying molecular mechanisms for CAD remain largely unclear. It has
been hypothesized that low frequency and rare variants with large effects
may account for some of the missing heritability for CAD(Yin, Pang et
al. 2016). There are twenty-three DNA sequence variants (DSVs) are
identified with SIRT3 gene promoter ,some this variant was significantly
associated with an increased susceptibility for coronary artery diseases
(Yin, Pang et al. 2016).SIRT3 gene promoter Polymorphisms can be
used to Prediction of the risk of Myocardial Infarction (Matsushima and

Sadoshima 2015).
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Myocardial Infarction diagnosis is based on clinical history,
electrocardiogram (ECG), and enzyme quantifications in blood and
postmortem outcomes(Mendis, Thygesen et al. 2010). Creatine kinase—
MB isoenzymes, cardiac myoglobin, and troponins are current
AMI biomarkers that have been commonly wused in clinical
diagnosis(Wang, Zhu et al. 2010). The gold standard for diagnosing AMI
is still cardiac troponin I (cTnl), but its plasma concentrations are not
very sensitive and accurate. A false positive result might appear in non-
cardiac diseases such as chronic kidney disease, severe sepsis and septic
shocks(Jaffe and Apple 2000). Thus detecting specific and accurate
biomarkers is a necessity for an optimal diagnosis, prognosis, prevention

and treatment in MI.

Many recent studies have reported the existence and the prominence of
circulating miRNAs in the plasma. Those miRNAs are stable since they
are protected in microparticles (including exosomes, microvesicles, and
apoptotic bodies) and can form miRNA-protein complexes that are
resistant to degradation (Arroyo, Chevillet et al. 2011, Creemers, Tijsen
et al. 2012). In addition, circulating miRNAs are highly specific and
selective with prolonged half-life, and are able to differentiate between
pathologies. Thus, circulating miRNAs fulfill a number of criteria that
allow them to be considered as ideal clinical biomarkers that can be
quantified by real-time- PCR or microarrays(Creemers, Tijsen et al.

2012).thus, miRNAs were included in this study.

Some studies have shown that the expression of miR-1 is down-

regulated in myocardial infarction (Sayed, Hong et al. 2007, Li, Song et

2
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al. 2010). However, in other cardiovascular experimental models, reports
a expression of miR-1 is up-regulated(Bostjancic, Zidar et al. 2010, Ai,
Zhang et al. 2012). Other study suggests that miR-145 could be a
valuable biomarker for cardiovascular diseases(Weber, Baker et al. 2011,

Samples 2012, Wei, Nazari-Jahantigh et al. 2013).

Thus ,according to such above ,the aim of present study is to find out a
non invasive diagnostic miRNA biomarker for myocardial infarction with
high sensitivity and specificity and to study if there is a role for SIRT3
gene polymorphism in in MI susceptibility this aim achieve through

following objectives.

e Study (rs56312618 ; rs12293349 ;rs11246029 SIRT3 gene
promoter variant among MI patients by ARMC-PCR technique to
find out which of them have valuable role in disease susceptible .

e Measuring fold change of circulating miRNAs (miRNA-, miRNA-
145)in MI patient by RT-PCR and find out its sensitivity and
specificity by ROC analysis .
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2.1 Myocardial infarction definition

Myocardial infarction (MI) is multifactorial, progressive, and
complex disease, means that part of the heart muscle suddenly loses its
blood supply, Without prompt treatment, this can lead to damage to the
affected part of the heart. It sometimes called a heart attack or coronary
thrombosis(Mythili and Malathi 2015). state that a myocardial infarction
has occurred when two of the following three criteria are met: symptoms
consistent with ischemia, or decreased blood flow to the heart; changes in
an Electrocardiogram; and elevated enzymes—most commonly, one
called CK-MB(Smith, Saunders et al. 2013).

September 2000, widely accepted definition of myocardial
infarction was introduced—a definition developed by a joint committee
of the European Heart Society and the American College of Cardiology.
The most significant change is that the definition adds cardiac troponin, a
protein found only in heart muscle tissue, to the measures already used to
determine whether or not a myocardial infarction has occurred(Mythili

and Malathi 2015).

2.2 Clinical Classification of Myocardial Infarction

Clinical Classification of Myocardial Infarction For the sake of
immediate treatment strategies, such as reperfusion therapy, it is usual
practice to designate MI in patients with chest discomfort, or other
ischaemic symptoms that develop ST elevation in two contiguous leads,
as an ‘ST elevation MI’ (STEMI). In contrast, patients without ST
elevation at presentation are usually designated as having a ‘non-ST
elevation MI’ (NSTEMI). Many patients with MI develop Q waves (Q
wave MI), but others do not (non-Q MI). Patients without elevated

biomarker values can be diagnosed as having unstable angina. In addition



Chapter Two Literature Review

#

to these categories, MI is classified into various types, based on
pathological, clinical and prognostic differences, along with different

treatment strategies(Thygesen, Alpert et al. 2013).

Asymptomatic patients who develop new pathological Q wave
criteria for MI detected during routine ECG follow-up, or reveal evidence
of MI by cardiac imaging, that cannot be directly attributed to a coronary
revascularization procedure, should be termed ‘silent MI’ (Toma, Fu et
al. 2010). In studies, silent Q wave MI accounted for 9-37% of all
nonfatal MI events and were associated with a significantly increased
mortality risk (Burgess, Hunt et al. 2009). Improper lead placement or
QRS confounders may result in what appear to be new Q waves or
QS complexes, as compared to a prior tracing. Thus, the diagnosis of a
new silent Q wave MI should be confirmed by a repeat ECG with correct
lead placement, or by an imaging study, and by focused questioning
about potential interim ischemic symptoms(Thygesen, Alpert et al. 2012).
2.3 Epidemiology
The true natural history of myocardial infarction is hard to establish for a
number of reasons: the common occurrence of silent infarction, the
frequency of acute coronary death outside hospital and the varying
methods used in the diagnosis of the condition(Bueno, Caforio et al.
2017). Community studies(Roger 2015) have consistently shown that the
overall fatality of acute heart attacks in the first month is between 30%
and 50%, and of these deaths about one-half occur within the first 2
h(Roger 2015). This high initial mortality seems to have altered little over
the last 30 years, By contrast with community mortality, there has been a
profound fall in the fatality of those treated in hospital. Prior to the

introduction of coronary care units in the 1960s, the in-hospital mortality
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seems to have averaged some 25-30%. A systematic review of mortality
studies in the pre-thrombolytic era of the mid-1980s showed an average
fatality of 18%(Members, Steg et al. 2012). With the widespread use of
fibrinolytic drugs, aspirin and coronary interventions the overall 1-month
mortality has since been reduced to 6-7%, at least in those who
participate in large-scale trials and qualify for fibrinolysis, aspirin and/or
coronary interventions. In European Heart Survey, mortality in patients
presenting with ST-segment elevation acute coronary syndromes was
8.4% at 1 month. The WHO-MONICA investigators convincingly
demonstrated that, also at the population level, the introduction of new
treatments for coronary care was strongly linked with declining coronary
event rates and 28-day case fatality(Members, Steg et al. 2012).

Worldwide, Myocardial infarction is a common presentation
of coronary artery disease, The World Health Organization estimated in
2017, that 12.2% of worldwide deaths were from ischemic heart
disease(Mestl and Edwards 2011). AMI is the most prevalent cause of
death(Nymark 2015). with it being the leading cause of death in high- or
middle-income countries and second only tolower respiratory
infections in lower-income countries(Mestl and Edwards 2011). Ischemic
heart diseases IHD is becoming a more common cause of death in the
developing world. In Iraq WHO2016 reports 33% death because of
cardiovascular diseases(Organization 2016).
2.4Etiology and risk factors

There are some etiology and risk factors which can make a person to

be more susceptible to heart attack.
1. High blood pressure (normal blood pressure is 120/80 mm Hg and if

the number is increasing, it can create a risk for heart problems).



Chapter Two Literature Review

Controlling hypertension by using appropriate medication (Lanas,
Avezum et al. 2007).

2. Dyslipidemia as High triglyceride and hyperlipidemia (high cholesterol
levels, LDL or triglyceride puts you at risk for AMI). The triglyceride is a
fatty substance that is stored in some foods and after you eat it, can stay
in your fat cells or arteries and cause heart problems (Smith, Allen et al.
2006).

3. Diabetes or high blood sugar .people with diabetes have a bigger risk
of acute myocardial infarction (AMI) because it increase the rate of
atherosclerotic progression which has a bad impact on lipid profile, and
high blood sugar may damage blood vessels and nerves which contribute
to risk of coronary heart disease and heart attacks.(Chowdhury,
Warnakula et al. 2014).

4. Obesity (according to many studies it enriches a possibility of heart
attack)(Lanas, Avezum et al. 2007).

5. Tobacco use tobacco is known as one of the damagers of blood vessel
walls and the body’s response to it is the formation of atherosclerosis and
trigger risk of AMI . It may also cause other cardiovascular diseases
(Kiviméki, Nyberg et al. 2012).

6. Male gender the studies showed that AMI risk is higher in men than

women in all age groups (Srivastava, Tiwari et al. 2014).
7. Genetic susceptibility of myocardial infarction.

However, there are other risk factors for AMI as lack of exercises,
unhealthy diet, excessive alcohol, and stress (Rosengren, Hawken et al.

2004, Yusuf, Hawken et al. 2004, Steptoe and Kivimiki 2012) .
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2.5 Myocardial infarction Pathogenesis

An acute coronary syndrome is nearly always caused by a sudden
reduction in coronary blood flow caused by atherosclerosis with
thrombosis superimposed, with or without concomitant vasoconstriction
(Davies 2000). The clinical presentation and outcome depend on the
location of the obstruction and the severity and duration of myocardial
ischaemia (Galaup and Germain 2012). In myocardial infarction with ST
segment  elevation, occlusive and  persistent  thrombosis
prevails(Skyschally, Schulz et al. 2008). About 2/3 to 3/4 of fatal
coronary thrombi are precipitated by sudden rupture of a vulnerable
plaque (inflamed, lipid-rich plaque covered by a thin fibrous cap) (Falk,
Shah et al. 1995, Skyschally, Schulz et al. 2008). Other poorly defined
mechanisms such as plaque erosion account for the rest. As many as 3/4
of all infarctrelated thrombi appear to evolve over plaques causing only
mild-to-moderate stenosis prior to infarction and after thrombolysis(Falk,

Shah et al. 1995, Jennings 2013).

However, severe stenoses are more likely to undergo plaque events
leading to infarction than mild ones(Alderman, Corley et al. 1993).
Myocardial infarction caused by complete coronary artery occlusion
begins to develop after 15-30 min of severe ischaemia (no forward or
collateral flow) and progresses from the subendocardium to the
subepicardium in a time-dependent fashion the wave-front
phenomenon)(Jennings 2013). Reperfusion, including recruitment of
collaterals, may save myocardium at risk from undergoing necrosis, and
subcritical but persistent flow may extend the time-window for achieving

myocardial salvage by complete reperfusion(Schémig, Mehilli et al.
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2005). The thrombotic response to plaque disruption is dynamic:
thrombosis and thrombolysis, often associated with vasospasm, occur
simultaneously, causing intermittent flow obstruction and distal
embolization (Erbel and Heusch 2000). The latter leads to microvascular
obstruction which may prevent successful myocardial reperfusion despite
a patent epicardial infarctrelated artery (Topol and Yadav 2000). In
coronary thrombosis, the initial flow obstruction is usually due to platelet
aggregation, but fibrin is important for the subsequent stabilization of the
early and fragile platelet thrombus (Van de Werf, Ardissino et al. 2003).
Therefore, both platelets and fibrin are involved in the evolution of a

persisting coronary thrombus(Van de Werf, Ardissino et al. 2003).

2.6 Clinical Features

The term myocardial infarction reflects cell death of cardiac myocytes
caused by ischaemia, which is the result of a perfusion imbalance
between supply and demand(Mendis, Thygesen et al. 2010). Ischaemia in
a clinical setting most often can be identified from the patient’s history
and- from the ECG. Possible ischaemic symptoms include various
combinations of chest, upper extremity, jaw, or epigastric discomfort with
exertion or at rest(Cutlip, Windecker et al. 2007). The discomfort
associated with acute myocardial infarction usually lasts at least 20 min.
Often, the discomfort is diffuse, not localized, not positional, not affected
by movement of the region, and it may be accompanied by dyspnoea,
diaphoresis, nausea, or syncope. These symptoms are not specific to
myocardial ischaemia and can be misdiagnosed and thus attributed to
gastrointestinal, neurological, pulmonary, or musculoskeletal disorders.

Myocardial infarction may occur with atypical symptoms, or even
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without symptoms, being detected only by ECG, biomarker elevations, or
cardiac imaging (Cutlip, Windecker et al. 2007).
2.7 Genetic susceptibility of myocardial infarction:

Beyond the well-recognized clinical and environmental risk factors,
studies point to a substantial heritability for ischemic stroke (Lanktree,
Dichgans et al. 2010) . However, elucidation of genetic risk factors for
stroke remains a challenge. genome-wide association studies (GWAS)
have begun to identify several promising susceptibility loci (Bellenguez,
Bevan et al. 2012, Malovini, Bellazzi et al. 2016) . In addition, a large
number of common susceptibility variants have been identified by
GWAS targeting epidemiologically proven stroke risk factors. Though
genome-wide association studies have identified more than 50 genetic
loci to coronary artery diseases(CAD) , these genetic variants account for
only 10% of cases (Malovini, Bellazzi et al. 2016, Ozaki and Tanaka
2016). To date, genetic causes and underlying molecular mechanisms for
CAD remain largely unclear. It has been hypothesized that low frequency
and rare variants with large effects may account for some of the missing
heritability for CAD. Recently, epigenetic factors have been suggested to
contribute to aging and age-associated diseases (Petridon, Leuvenink et
al. 2016).

2.7.1 SIRT3 gene, function and Signaling pathways

More than 90% of ATP in the normal myocardium is derived from
mitochondrial oxidative phosphorylation, followed by anaerobic
glycolysis of glucose. Fatty acid beta oxidation is the main source of
mitochondrial oxidative phosphorylation, followed by glucose, lactic
acid, and ketone body aerobic oxidation(Stanley, Recchia et al. 2005).
SIRT3 regulates the enzymatic activity of the key enzymes of oxidative
phosphorylation via deacetylation, thereby regulating mitochondrial
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energy metabolism . SIRT3 is a NAD+-dependent protein deacetylase
that is a member of the silent information regulator 2 (SIR2)
family(Giralt and Villarroya 2012). SIRT3 can exert controls on a wide
range of important biological activities including regulation of nuclear
gene expression , metabolic control(Shi, Wang et al. 2005), neuro
protection(Kong, Wang et al. 2010), cardiovascular disease,
cancer(Alhazzazi, Kamarajan et al. 2011), and aging(Bellizzi, Rose et al.
2005). SIRT3 is the only sirtuin protein reported to affect human
lifespan(Kong, Wang et al. 2010);(Brown, Xie et al. 2013). As it is
localized exclusively in mitochondria. SIRT3 influences energy
metabolism processes (e.g., tricarboxylic acid cycle, respiratory chain,
fatty acid b-oxidation, and ketogenesis) by targeting the responsible
enzymes (Giralt and Villarroya, 2012). It also controls the flow of
mitochondrial oxidative pathways and, ultimately, the rate of reactive
oxygen species (ROS) production.

the relationship between SIRT3 and apoptosis is not clear, and
whether SIRT3 promotes or inhibits apoptosis is  still
controversial(Samant, Zhang et al. 2014). However, SIRT3 was shown to
mainly inhibit cardiomyocyte apoptosis in most studies. As mentioned
previously, SIRT3 can inhibit apoptosis by regulating oxidative
stress(Samant, Zhang et al. 2014). In addition, SIRT3 also inhibits
apoptosis by the following route: first, SIRT3 deacetylates and activates
optic atrophy 1 (OPA1). Loss of OPA1 impairs mitochondrial fusion,
perturbs cristae structure, and increases the susceptibility of cells toward
apoptosis (Signorile, Santeramo et al. 2017)Second, SIRT3 activates
Ku70 by deacetylation. The activated Ku70 binds to Bax, which inhibits
Bax-induced cardiomyocyte apoptosis(Sundaresan, Samant et al. 2008).

Third, SIRT3 deacetylates cyclophilin D and closes the mitochondrial
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permeability transition pore (mPTP) to maintain the normal morphology
of mitochondria, thereby inhibiting apoptosis(Cheng, Yang et al. 2016).
Permeability transition pore (mPTP) can lead to mitochondrial
dysfunction. Note that mPTP is regulated by cyclophilin D (CypD) which
is deacetylated by SIRT3, The absence of SIRT3 in cardiac muscle
becomes a stimulus to increase the opening of mPTP (Hafner, Dai et al.
2010). Signaling pathways of Sirt3 in the heart is regulates
Mitochondrial permeability transition pore (mPTP) opening, apoptosis,
and cell survival, mainly through deacetylation of mitochondrial proteins,
including cyclophilin D (CypD), Ku70, and complex I, independently of
transcription. Sirt3 also deacetylates FoxO, leading to transcriptional
upregulation of MnSOD and catalase and inhibition of cardiac
hypertrophy(Pillai, Sundaresan et al. 2010).

{Cardiac hypertrophyJ
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\_Ras ) *—[ ROS }'— : =25 \T\___Foxosa)
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: Deacetylation
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Figure(2- 1)Signaling pathways of Sirt3 in the heart (Pillai,
Sundaresan et al. 2010)
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In human endothelial cells, SIRT3 mediates the cellular response to
hypoxia and protects the cells from high glucose-induced cytotoxicity
(Tseng, Wu et al. 2014, Liu, Cao et al. 2015). SIRT3 has recently been
reported to be involved in inflammation as well as platelet aging and
thrombosis(Barger, Anderson et al. 2015, Kumari, Chaurasia et al. 2015).
In addition, overexpressed SIRT3 enhances autophagy, which plays
important role in myocardial infarction (Liang, Benavides et al. 2013,
Mei, Thompson et al. 2015).

2.7.2 SIRT3 Gene Polymorphism and MI Susceptibility

The human SIRT3 gene is localized to the chromosome 11pl15.5,
and encodes an NAD-dependent mitochondrial deacetylase of 399-amino
acids containing an N-terminal mitochondrial targeting signal and a
central catalytic domain(Schwer, North et al. 2002). SIRT3 gene is
expressed in a variety of tissues with higher expression in adipose tissue,
brain and heart in embryos and adults (NCBI Unigene EST Profile
Viewer), indicating the tissue-specific regulation of the SIRT3 gene
expression. The human SIRT3 gene promoter contains high GC contents
and lacks the TATA box sequence and there are binding sites for
activator protein 1 (AP1), GATA-binding factor, nuclear Factor kB (NF-
kB) and transcription factor ZF5, as well as multiple specificity protein 1
(SP1) binding sites(Bellizzi, Dato et al. 2007). Nuclear respiratory factor
2, a transcription factor that regulates mitochondrial genes, binds to the
promoter of SIRT3 gene and induces its expression (Satterstrom,
Swindell et al. 2015).

There are twenty-three DNA sequence variants (DSVs) are identified
with SIRT3 gene promoter , rs71019893 , rs3817629, rs56312618,
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rs1045288, 1512293349, 1rs369344513, 1rs2272563, rs369178836
1rs185277566 and rs71019893(Yin, Pang et al. 2016).

However, molecular mechanisms by which SIRT3 gene expression is
changed have not been reported. speculated that the DNA sequence
variants within the regulatory regions of the SIRT3 gene may account
for the changed SIRT3 gene expression. The DNA sequence variants and
SNPs of the SIRT3 gene promoter identified in MI patients may alter
transcriptional activity of SIRT3 gene promoter and change SIRT3 level,
contributing to the MI development as a risk factor. The investigation into
the molecular mechanisms by which SIRT3 gene promoter activity are
affected. (Yin, Pang et al. 2016).

A series of downstream substrates of SIRT3, as well as histone, have
been identified. SIRT3 deacetylates and activates several enzymes that
are critical in maintaining cellular ROS levels and promote resistance to
oxidative stress, including superoxide dismutase 2 (SOD2) and isocitrate
dehydrogenase 2 (IDH2)(Merksamer, Liu et al. 2013). In experimental
animals, SIRT3 deacetylates FOXO3a, a transcription factor that
upregulates SOD2 and catalase, and decreases ROS levels(Sundaresan,
Gupta et al. 2009). Increased ROS levels and oxidative stress have been
demonstrated to contribute to the atherogenesis(V Goncharov, V Avdonin
et al. 2015). In human endothelial cells, SIRT3 deacetylates and stabilizes
FOXO3 to protect mitochondria against oxidative stress, and activates
mitochondrial aldehyde dehydrogenase 2, a key enzyme to remove
reactive aldehydes(Samant, Zhang et al. 2014). acyl-CoA dehydrogenase,
a key mitochondrial fatty acid oxidation enzyme(Alrob, Sankaralingam et
al. 2014). SIRT3 regulates fatty acid oxidation through heat shock protein
10(Lu, Chen et al. 2015). In human diploid fibroblasts, SIRT3

overexpression antagonizes high glucose-induced cellular senescence via
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the SIRT3-FOXO1 signaling pathway(Zhang, Cui et al. 2013). A recent
study has shown that SIRT3 targets human very long-chain acyl-CoA
dehydrogenase, a key fatty acid oxidation enzyme(Verdin, Zhang et al.
2015). Therefore, decreased SIRT3 levels may contribute to MI
development by: 1) affecting lipid metabolism, inflammation and other
pathways, initiating the atherosclerosis; and 2) interfering with fatty acid
oxidation, ROS generation and mitochondrial functions, leading to death
of cardiomyocytes. Exact molecular mechanisms need further

investigated and elucidated(Verdin, Zhang et al. 2015).
2.8 MI Diagnostic criteria

2.8.1 Clinical presentation

The general appearance of patients may vary according to the
experienced symptoms; the patient may be comfortable, or restless and in
severe distress with an increased respiratory rate. A cool and pale skin is
common and points to vasoconstriction. Some patients have low-grade
fever (38-39 °C). Blood pressure may be elevated or decreased, and

the pulse can become irregular(Joshi 2009)
2.8.2 Electrocardiogram (ECG):

The primary purpose of  the electrocardiogramis  to
detect ischemia or acute coronary injury in broad,
symptomatic emergency department populations. A serial ECG may be
used to follow rapid changes in time. The standard 12 lead ECG does not
directly examine the right ventricle, and is relatively poor at examining
the posterior basal and lateral walls of the left ventricle. In particular,
acute myocardial infarction in the distribution of the circumflex artery is

likely to produce a nondiagnostic ECG(Cannon 1998).
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2.8.3 Routin Labortory diagnosis

2.8.3.1 Serum Biomarker

The early recognition of cardiac ischemia and accurate placement of
the patient in the risk spectrum of the acute coronary syndrome are
critical to the effective management of patients with acute myocardial
infarction (AMI). Apart from clinical history, physical examination and
accurate ECG interpretations, cardiac biomarkers are equally valuable in
the initial evaluation of patients with nontraumatic chest pain. Previously
the diagnosis of an AMI was based on World Health Organisation
(WHO) criteria which defined MI as the presence of two out of three
characteristics comprising: symptoms of acute ischemia (chest pain),
development of Q waves in ECG and elevated activities of traditional
serum enzymes comprising: total CK, CK-MB, ASAT and LDH.there are
many serum biomarkers using with routine myocardial infarction
diagnosis which are following :
Troponins are a complex of three protein subunits, namely troponin C,
troponin T and troponin I, located on the thin filaments of the skeletal and
cardiac muscle fibers. Troponin C is the calcium-binding component,
troponin T is the tropomyosin-binding component and troponin I is the
inhibitory component. As the isoforms of troponin C is identical in the
skeletal and cardiac muscle, troponin C is not extremely specific for
myocardial injury (Mythili and Malathi 2015). The isoforms of troponin
T and troponin I differ in the skeletal and the cardiac muscle, and thus are
extremely specific for cardiac tissue necrosis(Apple 1999). Troponin T is
present chiefly in the bound form to the contractile elements of the
myocardial cells; however, it is also present free in the cytoplasm.
Troponin T exhibits a dual release initially of the cytoplasmic component

and later of the bound component (Katus, Remppis et al. 1991). Troponin
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I is extremely specific for the cardiac muscle and has not been isolated
from the skeletal muscle. This absolute specificity makes it an ideal
marker of myocardial injury (Higgins and Higgins 2003). They are
released into the circulation 6-8 h after myocardial injury, peak at 12-24 h
and remain elevated for 7-10 days(Tucker, Collins et al. 1997). The only
disadvantage of cTn is the late clearance that makes it difficult to identify
a recurrent myocardial infarction.

Myoglobin (MYO) is a small cytoplasmic oxygen-binding protein
found in the skeletal as well as the cardiac muscle. It is released
extremely early into the serum, 1 h after the onset of myocardial injury,
peaks at 4-12 h and returns to baseline values immediately(Vaidya 1994).
The major disadvantage of MYO is the lack of specificity to the cardiac
tissue due to the presence of large amounts of MYO in the skeletal
muscle(Mair, Morandell et al. 1995). The levels of MYO can therefore
not be used as a single diagnostic marker, but in conjunction with the
troponins or CK-MB. Thus, serum levels of MYO can be used to rule out,
rather than diagnose, myocardial infarction(Gibler, Gibler et al. 1987,
Wang, Lee et al. 2013).

Creatine phosphokinase (CK) and Creatine phosphokinase -MB .
CK is an enzyme that is found primarily in the cardiac muscle and
skeletal muscle. This enzyme has 3 isoenzymes: MM, MB and BB. CK-
MM is the skeletal muscle fraction, CK-MB is the cardiac muscle fraction
and CK-BB is the brain fraction of the total CK(Blomberg, Kimber et al.
1975). Previously, the total CK was assessed for myocardial infarction.
However, as the total CK contains 95% of the CK-MM fraction, The CK-
MB rises in the serum at 4-9 h after the onset of chest pain, peaks ~24 h
and returns to baseline values at 48-72 h figure (2-2). The one advantage

of CK-MB over the troponins is the early clearance that helps in the
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detection of reinfarction. Thus, the serum level of troponin along with the
level of the CK-MB fraction is assessed for the diagnosis of myocardial

infarction(Gerhardt, Katus et al. 1991, Wang, Lee et al. 2013).
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Figure ( 2 -2 ): cardiac markers levels (Ruseva 2005)

2.8.4Clinical Importance of Biomarker

An ideal biomarker should have the following characteristics:
relatively high concentration within cardiac tissue, have no significant
tissue sources other than the heart, have high clinical sensitivity and
specificity, be detectable in the blood early after the onset of chest pain,
have elevated blood levels for several days after the onset of symptoms,
and have an assay with a quick turnaround time. Since no single
biomarker fulfils all of these criteria, the NACB proposes the use of two
biomarkers for the diagnosis of AMI: an early marker — myoglobin and a
definitive marker- cardiac troponins. When cardiac troponin is not
available, the next best alternative is CK-MB (measured by mass assay)

(Ruseva 2005).
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In 1998, the National Institutes of Health Biomarkers Definitions
Working Group defined a biomarker as “a characteristic that is
objectively measured and evaluated as an indicator of normal biological
processes, pathogenic processes, or pharmacologic responses to a
therapeutic intervention.” (Colburn, DeGruttola et al. 2001) A joint
venture on chemical safety, the International Programme on Chemical
Safety, led by the World Health Organization (WHO) and in coordination
with the United Nations and the International Labor Organization, has
defined a biomarker as “any substance, structure, or process that can be
measured in the body or its products and influence or predict the
incidence of outcome or disease”(Strimbu and Tavel 2010). An even
broader definition takes into account not just incidence and outcome of
disease, but also the effects of treatments, interventions, and even
unintended environmental exposure, such as to chemicals or nutrients. In
their report on the validity of biomarkers in environment risk assessment,
the WHO has stated that a true definition of biomarkers includes “almost
any measurement reflecting an interaction between a biological system
and a potential hazard, which may be chemical, physical, or
biological(Cortes, Garcia-Cafiaveras et al. 2017) .

The measured response may be functional and physiological,
biochemical at the cellular level, or a molecular interaction.”(Cortes,
Garcia-Cafiaveras et al. 2017). Examples of biomarkers include
everything from pulse and blood pressure through basic chemistries to
more complex laboratory tests of blood and other tissues. Medical signs
have a long history of use in clinical practice—as old as medical practice
itself—and biomarkers are merely the most objective, quantifiable
medical signs modern laboratory science allows us to measure

reproducibly(Galaup and Germain 2012). The use of biomarkers, and in
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particular laboratory-measured biomarkers, in clinical research is
somewhat newer, and the best approaches to this practice are still being
developed and refined. The key issue at hand is determining the
relationship between any given measurable biomarker and relevant
clinical endpoints(Strimbu and Tavel 2010).
There are many serum cardiac biomarker following

C-reactive protein (CRP) is an acute phase protein secreted by the
hepatocytes during an inflammatory stimulus(Stefano De Servi, Mariani
et al. 2005). It has been shown that CRP is increased in patients with
unstable angina; however, owing to lack of sensitivity and specificity, it
cannot be used as a diagnostic marker (Dufty and Salerno 2004).

Pentraxin 3 (PTX-3) is a specific marker of vascular inflammation
produced by the vascular endothelial cells, vascular smooth muscle cells,
macrophages, and neutrophils in response to an inflammatory
stimulus(Inoue, Sugiyama et al. 2007). The PTX-3 level has been
proposed as a prognostic biomarker of adverse outcome in patients with
unstable angina pectoris, myocardial infarction and heart failure(Suzuki,
Takeishi et al. 2008).

Interleukin (IL)-6. Another marker of early atherosclerosis is IL-6,
which has a major role in the recruitment and activation of inflammatory
cells in response to ischemia and further during the reperfusion of the
infarcted myocardium(Karpinski, Plaksej et al. 2009). .

Myeloperoxidase (MPO) is a metalloproteinase produced by the
polymorphonuclear leukocytes and macrophages. It initiates the
production of reactive oxygen species that are important for the
development of atheroma and plaque rupture (Khan, Kelly et al. 2007).
Thus, an increased level of MPO is a marker of plaque instability(Wang,
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Zhang et al. 2007). Furthermore, it serves as a predictive marker for
future cardiovascular adverse events(Cavusoglu, Ruwende et al. 2007).

Pregnancy-associated plasma protein A (PAPPA) is also a
metalloproteinase that has an active role during the rupture of an
atherosclerotic plaque(Bayes-Genis, Conover et al. 2001). It is primarily
produced by the syncytiotrophoblasts of the placenta, as well as by the
fibroblasts, vascular endothelial cells and vascular smooth muscle cells.
In atherosclerosis, it has been associated with plaque progression and
instability(Lund, Qin et al. 2006).

Soluble cluster of differentiation 40 ligand (sCD40L). sCD40L of
the tumor necrosis factor-o, (TNF-a) family is upregulated on the platelets
located in the intraluminal thrombus. The activation of the inflammatory
and coagulant pathways during thrombogenesis causes the release of
CD40L into the circulation, thus indicating plaque rupture and subsequent
myocardial infarction(Lund, Qin et al. 2006).

TNF-o0. is a pleiotropic cytokine produced by the endothelial cells,
smooth muscle cells and macrophages. TNF-a levels are markedly
elevated in advanced heart failure(Levine, Kalman et al. 1990). The role
of TNF-o in atherosclerosis is the production of tissue inhibitors of
metalloproteinases by the fibroblasts. Thus, the production of excess
amounts of metalloproteinases causes rupture of the atheromatous plaque
(Shingu, Nagai et al. 1993). This confirms the role of TNF-a in the
regulation of the inflammatory cascade. Thus, elevated levels of TNF-a
are indicative of recurrent non-fatal myocardial infarction or a fatal
cardiovascular event (Ridker, Rifai et al. 2000).

Heart fatty acid-binding protein (H-FABP) is a small cytosolic low
molecular weight protein found in the cardiac tissues that are responsible

for the transport of fatty acids from the plasma membrane to sites of f3-
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oxidation in mitochondria and peroxisomes, and to the endoplasmic
reticulum for lipid synthesis(Chan and Ng 2010). It is chiefly present in
the myocardium and, to a lesser extent, in the brain, kidney and skeletal
muscle. H-FABP is released extremely early into the serum following
myocyte rupture(Haltern, Peiniger et al. 2010). An increased
concentration of H-FABP appears as early as 30 min after myocardial
injury, peaks at 6-8 h and returns to baseline levels at ~24 h (Mad,
Domanovits et al. 2007). Additionally, H-FABP can be used as a
predictive biomarker of mortality following acute coronary syndrome
(ACS) (Ruzgar, Bilge et al. 2006). B-type natriuretic peptide (BNP). BNP
is a neurohormone released from the cardiac cells. Studies have shown
that elevated BNP is a predictive marker of death and heart failure.
However, they are not useful for the diagnosis of AMI (Morrow, de
Lemos et al. 2003).

Ischemia-modified albumin (IMA) Under ischemic conditions, the
level of IMA in the blood is significantly increased, thus aiding in the
diagnosis of acute ischemia prior to the onset of myocardial necrosis
(Mastella, Moresco et al. 2009). The measurement of IMA is enabled by
the binding of the cobalt to the damaged N-terminus of the albumin. The
increase in IMA levels occurs immediately after the onset of ischemia
and returns to baseline values within 6-12 h, thus enabling early
identification of ischemia  (Hjortshgj, Dethlefsen et al
2009).Growth-differentiation factor-15 (GDF-15).

GDF-15 is a member of the transforming growth factor-p family of
cytokines that is primarily expressed by the placenta; however, under
abnormal conditions, it can be expressed by various tissues (Xu, Kimball

et al. 2006).
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During cardiac ischemia, the level of GDF-15 is increased favoring
diagnosis of ACS (Kempf, Sinning et al. 2009). However, owing to its
lack of specificity, it can be used as a predictive marker of mortality
rather than a diagnostic marker following ACS (Kempf, Bjérklund et al.
2007).

Copeptin, the C-terminal portion of provasopressin is cosecreted
with vasopressin. Copeptin is secreted extremely early in the course of an
AMI from the pituitary (Voors, von Haehling et al. 2009). Copeptin
levels are significantly increased within minutes in patients with AMI.
Thus, copeptin can be used as a diagnostic and prognostic marker of
myocardial injury (Reichlin, Hochholzer et al. 2009).

F2 isoprostanes are products of arachidonic acid metabolism. During
atherosclerosis, the F2 isoprostanes are secreted by a variety of cells
including the monocytes. Studies have shown that the F2 isoprostane
level is increased in the urine of patients with unstable angina.
Additionally, it can be used as a predictive marker of complications in
non-fatal myocardial infarction, development of heart failure and fatality

(LeLeiko, Vaccari et al. 2009).
2.8.5 MiRNAs structure and function

MicroRNAs (miRNAs) are endogenous, noncoding, single-stranded
RNAs of ~22 nucleotides and constitute a novel class of gene regulators
(Chua, Armugam et al. 2009). Analogous to the first RNA revolution in
the 1980s, when Cech's group discovered the enzymatic activity of RNA,
the more recent discoveries of RNAi and miRNA may represent the
second RNA revolution(Kong and Han 2005). Although the first miRNA,
lin-4, was discovered in 1993(Kong and Han 2005). about 800 miRNAs

have been cloned and sequenced in humans, and the estimated number of
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miRNA genes is as high as 1,000 in the human genome(Bentwich, Avniel
et al. 2005).
The mature miRNAs bind to the 3'-UTR of their mRNA targets and
negatively regulate gene expression via degradation or translational
inhibition. Functionally, an individual miRNA is important as a
transcription factor because it is able to regulate the expression of its
multiple target genes(Chen and Rajewsky 2007). As a group, miRNAs
are estimated to regulate over 30% of the genes in a cell(Lewis, Burge et
al. 2005). It is thus not surprising that miRNAs are involved in the
regulation of almost all major cellular functions including apoptosis and
necrosis. Accordingly, miRNAs may precipitate in many diseases
including cardiovascular disease (Zhang 2008, Zhang 2008, Cheng, Tan
et al. 2010).

others studies have revealed that miRNAs exist in circulating blood.
In contrast to our original thought, the cell-free miRNAs are relatively
stable due to binding with other materials such as exosomes in circulating
blood(Cortez and Calin 2009). Moreover, cancer tissue miRNAs are able
to be released into circulating blood and the serum or plasma cell-free
miRNAs can be used as novel biomarkers for diverse cancers(Cortez and
Calin 2009). However, the quantitative method to measure the absolute
amount of a miRNA in blood has not been well-established due to lack of
stable control RNAs in blood especially under disease conditions. More
importantly, the roles of the circulating-cell free miRNAs in patient with

cardiovascular diseases are currently unclear(Cheng, Tan et al. 2010).
2.8.6 important criterion that make miRNA to be considered
as a biomarker for MI:

Acute myocardial infarction diagnosis is based on ECG findings and

measurements of blood biomarkers of myocardial damage, among which
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cardiac troponins (cTns) are the most widely used. High-sensitivity

troponin assays have been developed, but they suffer from a lack of

specificity since elevation of ¢Tn levels can be due to non-cardiac causes.

Therefore, there is an unmet need for novel, early and specific biomarkers

of AMI(Vella, Vella et al. 2015).

1-Early detection of acute myocardial infarction (AMI)is crucial for
deciding the course of treatment to preserve and prevent further
damage to the myocardial tissue(Bryant, Pawlowski et al. 2012, Vella,
Vella et al. 2015).

2- Animal and clinical studies have demonstrated that miRNAs increase
in the plasma shortly after the onset of a coronary event(Bryant,
Pawlowski et al. 2012).

3- Certain miRNA display faster release kinetics than seen for troponins
detected with high-sensitivity assays(Bryant, Pawlowski et al. 2012).
4-biomarker for MI is that this miRNA is not found in the
plasma/extracellular space as a result of any other pathology. That is,
the miRNA used to diagnose a myocardial event must not be detectable
in patients with other complications, such as liver disease, kidney

dysfunction, or diabetes.

5-The best miRNA to use as a marker will be the one with exclusive

expression in myocardial tissue;

6-In the heart, miRNAs are widely expressed and regulate multiple
physiological and pathological pathways such as apoptosis, fibrosis or

angiogenesis (Goretti, Wagner et al. 2014).

7-miRNAs are present and stable in the bloodstream(Mitchell, Parkin et
al. 2008).
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8- circulating miRNAs can be either released by dying cells or be actively
secreted by living cells, acting as paracrine factors(Goretti and Devaux
2016).

9-circulating levels of muscle-enriched miR-1 and miR-133a were
significantly increased 15 mins after transcoronary ablation of septal
hypertrophy(Liebetrau, Mollmann et al. 2013), supporting the
hypothesis that heart-derived miRNAs may constitute early diagnostic
biomarkers of AMI.

10-  Stability of extracellular miRNA. There are multiple factors that

account for the protection of circulating miRNAs against RNase-

dependent degradation. For example, circulating miRNAs are not free in
blood, which are normally included in microvesicles or exosomes.

Furthermore, the circulating miRNAs can form the protein-miRNA

complexes with some special proteins (such as nucleolar RNA-binding

protein, nucleophosmin to resist the degradation (Wang, Zhang et al.

2010).
2.8.7Stability of miRNAs

The high stability of miRNAs in the body fluids makes miRNA a
good candidate for a biomarker. As discussed above, miRNAs in the
blood are protected from nuclease-mediated cleavage. Other typical
longer RNAs such as messenger RNAs are too long to be protected inside
protein complexes or small vesicles. In summary, the diversity and
stability of miRNAs in combination with technical availabilities establish
miRNAs as novel and promising biomarkers for the diagnosis of human

diseases.(Kim 2015).

Another interesting discovery was that extracellular miRNAs are

embedded in high-density lipoprotein (HDL)(Vickers, Palmisano et al.
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2011). The expression profile of miRNAs in HDL showed that the
miRNA population clearly differs between samples from healthy persons
and samples from persons with atherosclerosis. Moreover, the nSMase2-
dependent pathway was noted to be involved in the release of miRNA-
containing HDL from the cells(Vickers, Palmisano et al. 2011) More
studies are required to determine whether the alteration of the miRNA

level in HDL is linked to disease progression.(Kim 2015).

Although most studies to identify miRNA biomarkers use blood,
plasma, or serum, miRNAs are observed in most body fluids (Weber,
Baxter et al. 2010, Russo, Di Bella et al. 2012).Because different
miRNAs are profiled from each body fluid, researchers should select the
proper fluid sample for their purpose. Widespread distribution of
miRNAs in the body fluids suggests that miRNA biomarkers could be
applicable for diverse diseases(Kim 2015).

2.8.8 Origin and distribution of extracellular miRNAs

One simple explanation for the origin of extracellular miRNAs is
that the death of cells as a consequence of disease or other necrotic events
results in the passive release of miRNAs in the cytoplasm, and that the
released miRNAs are detected in the blood. Although this kind of miRNA
release is feasible, it is likely that a regulatory pathway is also involved in

the cellular release of miRNAs (Valadi, Ekstrém et al. 2007).

Initial study found that the miRNA profile inside cells differs from
the miRNA profile in the culture media, which suggests the existence of a
selective pathway for the release of miRNAs.(Valadi, Ekstrém et al.
2007). miRNAs are found in multivesicular bodies (MVBs), the cellular

structure containing vesicles that are released into the extracellular space
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as exosomes(Gibbings, Ciaudo et al. 2009). Later, it was shown that
neutral sphingomyelinase 2 (nSMase2) is involved in the secretion of
miRNA-containing exosomes into the extracellular space(Kosaka, Iguchi
et al. 2010). The secretion of exosomes is triggered by ceramides, whose
synthesis is regulated by neutral sphyngomyelinase 2( nSMase2)(Kosaka,
Iguchi et al. 2013). Also, heterogeneous nuclear ribonucleoprotein A2B1
(hnRNPA2B1) was identified to recognize specific sequence motifs in a
subset of miRNAs and to regulate their sorting into exosomes(Villarroya-
Beltri, Gutiérrez-Vazquez et al. 2013). Although these studies identified
the factors involved in the release of cellular miRNAs into the
extracellular space, we still do not understand the detailed mechanism
governing this process. The elucidation of the mechanism by which
miRNAs are selected to be released from donor cells, how those specific
groups of miRNAs are embedded inside the exosomes, and when the
release of miRNAs is triggered would be helpful for studies attempting to
use extracellular miRNAs as biomarkers in diseases(Wang, Zhang et al.

2010).

Extracellular miRNAs have been discovered in diverse
macromolecules in the blood and other body fluids. Because of their
small size, miRNAs can be incorporated into some proteins and protected
from nuclease attack, Ago protein is the most prevalent such protein,
because normal biogenesis results in the incorporation of miRNA into the
Ago protein. The majority of extracellular miRNAs cofractionate with
Ago?2 protein complexes, whereas only a small portion of miRNAs are
encapsulated in the extracellular vesicles or exosomes in the human
plasma.(Arroyo, Chevillet et al. 2011, Turchinovich, Weiz et al. 2011). In
the bloodstream, various extracellular vesicles or exosomes circulate
throughout the body. The extracellular vesicles are made by direct
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budding of the cellular membrane, whereas the exosomes are released
from the cells as a result of the fusion of Multivesicular bodies (MVBs)
into the plasma membrane.(Colombo, Raposo et al. 2014). Early studies
identified diverse miRNAs in these extracellular structures (Hunter,
Ismail et al. 2008, Taylor and Gercel-Taylor 2008). In addition, many
following studies determined the level of those miRNAs and showed that
the miRNA level could be used to predict whether a person has a disease

or not(Schwarzenbach, Nishida et al. 2014).
2.8.9MiRNA -1

MiRNA -1(MiR-1) is primarily expressed in cardiac and skeletal
muscles and consists of two subfamilies, miR1-1 and miR1-2. The two
subfamilies have identical sequences, but are encoded by two distinct
genes in chromosomes 18 and 20, respectively. MiR-1, involved in
cardiogenesis and muscle differentiation, may regulate cardiac
arrthythmogenicity by repressing the expression of the gap junction
protein, connexin (GJA1) and the inward-rectifier potassium ion channel
(KCNJ2)(Xu, Lu et al. 2007, Yang, Lin et al. 2007, Khalil, Kamar et al.
2017).

In the rat, the circulating miR-1 level is rapidly increased 1 hr after
coronary artery ligation, and peaked at 200-fold higher than baseline 6 hrs
after AMI. The elevated miR-1 level returned to basal levels 3 days after
AMI, a time course earlier than traditional AMI biomarkers, such as
troponin (Cheng, Tan et al. 2010, Wang, Zhu et al. 2010, Fang and Yeh
2015).

It is closely related to the physical and pathological processes of

vascular modeling, including heart development, arrhythmias, ischemia,
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myocardial infarction and cardiac hyper-trophy(Townley-Tilson, Callis et
al. 2010). Some studies have shown that the expression of miR-1 is
down-regulated in cardiac hypertrophy and chronic myocardial infarction
and speculate that miR-1 may inhibit cell proliferation and
hypertrophy(Sayed, Hong et al. 2007, Li, Song et al. 2010). However, in
other cardiovascular experimental models, such as ischemic precondition-
ing, ischemia/reperfusion, acute myocardial infarction, oxidative stress,
and hyperglycemia, the expression of miR-1 is up-regulated(Bostjancic,
Zidar et al. 2010, Ai, Zhang et al. 2012). Therefore, miR-1 could be an
activator of these diseases. Some researchers have shown the mechanisms
of action of miR-1 on vascular diseases to further clarify the function of
miR-1 according to the size of heart or hypertrophy, the contractile
function, and the conductance of heart (Wang, Zhang et al. 2010, Khalil,
Kamar et al. 2017).

Zao et al. reported that miR-1 targets the transcription factor Hand2,
which increases the proliferation of ventricular cardiomyocytes, miR-1
was suggested to prevent vascular injuries by decreasing the thickness of
cell walls (Zhao, Samal et al. 2005). In other animal models, miR-1 also
plays a protective role and has been linked to hypertrophy. In the model
of functional overload and trans-aortic constriction (TAC) induced
hypertrophy, the expression of miR-1 is down-regulated to half through
binding of the 3’UTR of target genes, cyclin dependent kinase 9, Ras
GTPase-activating protein, fibronectin, and Ras-homolog enriched in the
brain(Sayed, Hong et al. 2007), which was closely linked to the
regulation of genes related to calcium. Some studies reported miR-1-
induced down regulation of the expression of the transcription factors,
mef2a and gatad, which are related to calmodulin and cardiac
hypertrophy along with myocardial infarction. Inhibition of these target

30



Chapter Two Literature Review

ﬂ

genes is an ideal way to treat cardiac hypertrophy. Furthermore, miR-1
inhibits cardiac hypertrophy thus protecting the heart from hypertrophy-
related injury (Ikeda, He et al. 2009)and preventing the expression of
calmodulin. Elia et al. report IGF-1 as the target gene of miR-1(Elia,
Contu et al. 2009).

miR-1 is overexpressed in individuals with coronary artery disease, and
that when overexpressed in normal or infarcted rat hearts, it exacerbates
arrhythmogenesis. Elimination of miR-1 by an antisense inhibitor in
infarcted rat hearts relieved arrhythmogenesis(Yang, Lin et al. 2007).
miR-1 overexpression slowed conduction and depolarized the
cytoplasmic membrane by post-transcriptionally repressing KCNJ2
(which encodes the K(+) channel subunit Kir2.1) and GJA1 (which
encodes connexin 43), and this likely accounts at least in part for its
arrhythmogenic  potential. Thus, miR-1 may have important

pathophysiological functions in the heart(Yang, Lin et al. 2007).

2.8.10 MiRNA-145

The microRNA-143/-145 (miR-143 and miR-145) encoding genes
are located in close proximity with each other on human chromosome 5
and are believed to be cotranscribed in the same bicistronic
transcript(Weber, Schober et al. 2010). The miR-143/-145 gene cluster is
expressed in the heart and in VSMCs(Boettger, Beetz et al. 2009,
Deacon, Nevis et al. 2010). MiR-143 is believed to play an essential role
in the function and formation of the cardiac chamber via regulation of
myocardial cell morphology (Deacon, Nevis et al. 2010).MiR-143 and
miR-145 are essential for VSMC differentiation (Cordes, Sheehy et al.
2009) and are molecular keys to determine VSMC phenotypic
switching(Cheng, Liu et al. 2009, Rangrez, Massy et al. 2011). It is
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interesting that miR-143 and miR-145 can be upregulated in endothelial
cells in response to shear stress and subsequently are exported in
exosome-like vesicles that regulate VSMC phenotype(Hergenreider,
Heydt et al. 2012). In addition, it has been reported that circulating miR-
145 levels differ in patients with coronary artery disease(Weber, Baker et
al. 2011, D'Alessandra, Carena et al. 2013); in patients with acute
myocardial infarction (AMI), the level of miR-145 in total peripheral
blood correlates with infarct size(Meder, Keller et al. 2011). This
suggests that miR-145 could be a valuable biomarker for cardiovascular
diseases. Furthermore, several clinical studies have shown that miR-143/-
145 dysregulation is associated with many cardiovascular diseases,
including essential hypertension, atherosclerosis, pulmonary arterial
hypertension, and coronary artery disease(Weber, Baker et al. 2011,
Samples 2012, Wei, Nazari-Jahantigh et al. 2013).

MiRNA-145 is a mediator in the regulation of the proliferation and
differentiation of vascular smooth muscle cells (VSMCs), in which it is
highly expressed, and is the most abundant miRNA in healthy arterial
walls(Cordes, Sheehy et al. 2009). Although the expression of different
circulating miRNAs among CAD patients has been reported(Pleister,
Selemon et al. 2013).the functions of miRNA-145 in cardiovascular
disease remain unknown (Xu, Cao et al. 2017).

Furthermore, Programmed cell death protein 4( PDCDA4) was
identified as a novel target of miR-145 in cardiomyocytes, and
overexpression of PDCD4 could remarkably restore the miR-145-
inhibited cardiomyocytes apoptosis and mitochondrial dysfunction after

hypoxia injury(Xu, Cao et al. 2017).
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3.1 Subjects
3.1.1 patient group and sample collection

A case control study based on three group. as shown in figure (3 -1) ,
first group was 24 patients with MI which include ( 16male and 8female )
,who were observation in cornary Care Unite of Al-Diwaniyha teaching
hospital in the period from January 2017 to February 2018 under the
supervision of internal medicine specialists were included in this study and
the information about each case collected from the patient as well as the tests
that have been done in hospital labortories. such as ( complete blood
picture, lipid profile and cardiac markers) and in addation to parameters that
fond in questionnaire in appendix. Second group was 24 patients who have
risk factor for MI ( Hypertension, Hyperlipidemia, Diabetes
mellitus (DM),smoking , obesity) this group has been collected from
internal medicine consultation department .

Third group was include 19 healthy volunteers(non coronary artery
diseases ). Blood sample were collected by venipuncture from these groups
(five millimeter of venous blood )were drawing by disposable syringe under
aseptic technique . Each blood sample of three groups were collected into
two parts:

1-  Two milliliter of blood collected directly in a sterile tube containing
EDTA for DNA extraction ,then uses Amplification refractory mutation-
PCR system (ARMS-PCR) technique application to studySIRT3 gene
polymorphism, these samples should be frozen immediately at -20C.

2-  Three milliliter were collected in EDTA free plane tube and allowed

to clot then serm was separated by centrifugation 13000pm for 5 minute
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.The serum has been collected in Eppendrof tube then stored at -20 to be use
for miRNA-1and miRNA-145 qPCR as in study deign figure (3-1) .

MI patient. Group, Risk factor

group ,healthy Control group »| Patient Datasheet
\ 4
5ml. Whole blood collection
b \ 3ml. with Gel tube
2ml. with EDTA tube without EDTA
!
! Serum for miRNA
DNA extraction from Purification
WBCs :
—% cDNA synthesis
Sirt3gene promoter SNP ,
ARMC method application v
miRNA-1,145qPCR
l Estimation
Electrophoresis l
v v

Statistical analysis

Figure ( 3 - 1) Shows the study design
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3.1.2 Data collection
Data were collected by direct interview (including demographic

data, social status, period of symptoms,

familial history with myocardial

diseases , MI recurrent occur and other diseases as hypertension, DM,

dyshyperlipidemia , (appendix 1).
3.2 Materials

3.2.1. Instruments and Equipments:

Table (3-1): Instruments and equipments that used in this study:

No. Instrument / equipment Company / Country
Adjustable Micro Pipette 0.5-10
1 ul,10-100pl, 20- 200pl, 100-
1000yl Transferpette / Germany
2 Eppendorf tubes Sigma/England
3 Exispin vortex centrifuge Bioneer/ Korea
4 Gel and Clot/activator tubes Xinle /china
5 High speed Cold Centrifuge Eppendorf/ Germany
6 Incubator Memmert /Germany
7 Micro AMP Optical 8- cap strip Biosystems /USA
3 Micro AMP Optical 8- tube strip Biosystems /USA
9 Micro-centrifuge tubes (1.5 and Eppendorf/ German
2ml)
10 Miniopticon Real Time PCR Bio-Rad/ USA
11 Nanodrop Thermo Scientific/ USA
12 Pipette tips crystal (0.5-10 pl) Human/Germany
13 Racks for plain tubes Deans gate /china
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14 Refrigerator Concord/ lebanon

15 | Sterilized Latex Surgical Gloves Deans gate /china

16 Thermocycler apparatus Bio-Rad/ USA
tips(RNase/DNase free) Promega/ USA

17 (100,1000 pl)

18 Vortex CYAN/ Belgium

19 Water bath PolyScience /USA

3.2.2 Chemicals

The chemical and biological materials used in this work are listed in
Table( 3-2) below:

Table (3-2):List of Chemical materials with their remarks

No Chemicals Company Country
1 Chloroform Labort India
2 DEPC water Bioneer Korea
3 Isopropanol Labort India
4 Ethanol 100% Labort India
Ethanol 70%
5 Labort India
6 RNase free water Bioneer Korea
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3.2.3 Kits
Table (3-3): The kits used in this study with their companies and countries of

origin:

No. Kit Company Country

DNA mini kit extraction kit
(Frozen Blood).
Total RNA Extraction Kit
AccuZol™ Bioneer Korea
Trizol reagent 100ml

3 DNase I enzyme kit

Dnase I enzyme
10x buffer Promega USA

Free nuclease water

1 Geneaid USA

Stop reaction

M-MLYV Reverse Transcriptase
kit
M-MLYV Reverse Transcriptase
(10,000U)

5X M-MLYV RTase reaction buffer Bioneer Korea
dNTP
100mM DTT
RNase Inhibitor

5 | NEXpro™ Master Mix (Probe)

qPCR PreMix for TagMan probe:
Taq DNA polymerase
dNTPs (dATP, dCTP, dGTP,
dTTP) and 10X buffer

Geneslabs Korea
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3.3.4 SIRT3 gene promoter Primers

Tables of SIRT3 gene promoter Primers

Primer Sequence
rs11246029 | T allele CCCGGTCCCGCCTCCGAGT
C allele AAGGAGGCGGGGGCGTGG
F CGACCCGTTCAACTACCCGGCC
R TCACCGCCATCCGGGTTGAAAA

NCBI-SNP: rs11246029

Primer Sequence
rs12293349 | T allele CATCCCGGTTGTTCTTCTGGGT
C allele ATGACAGCAGGAAGACCCCAGG
F AGAGACGCGCTGTAACCGAGC
R CGGCGCTCACTTCTTCGTGTAG
NCBI-SNP: rs12293349
Primer Sequence
rs56312618 | G allele ATCCCGGTTGTTCTTCTGGGG
A allele CATGACAGCAGGAAGACCCCAGT
F AGAGACGCGCTGTAACCGAGC
R GCCCCCTCCGTCTCCCTCTAT

NCBI-SNP: rs56312618
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3.3.5 microRNA Primers and probes

The Primers and probes for microRNA(1, 145) were design in this

study by using (The Sanger Center miRNA database Registry) to

selected miRNA sequence and using miRNA Primer Design Tool. These

primers and probe were provided by (Bioneer company, Korea) as

following table:
Primer Sequence
miR-1RT GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGA
primer GCCAACATACAT
miR-1 GTGCAGGGTCCGAGGT
primers
GTTGGGTGGAATGTAAAGAAGT
miR-1probe FAM-CAGAGCCAACATACAT-MGB
>hsa-miR-1-3p MIMATO0000416
Primer Sequence
miR-145 RT | GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGA
primer GCCAACAGGGAT
miR-145 F GTGTCCAGTTTTCCCAGGA
primers
R GTGCAGGGTCCGAGGT
miR-145 FAM-CAGAGCCAACAGGGAT-MGB
probe

>hsa-miR-145-5p MIMAT0000437
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Primer Sequence
GAPDH F AATTCCATGGCACCGTCAAG
R ATCGCCCCACTTGATTTTGG
GAPDH probe CCCATCACCATCTTCCAGGAGCG

NM_001256799.2 Homo sapiens glyceraldehyde-3-phosphate dehydrogenase (GAPDH),
transcript variant 2, nRNA

3.4.1 Genomic DNA Extraction
Genomic DNA from blood samples were extracted by using Genomic
DNA mini kit extraction kit (Frozen Blood) Geneaid. USA, and done
according to company instructions as following steps:
1. A 200pl of frozen blood was transferred to sterile 1.5ml
microcentrifuge tube, and then about 30ul of proteinase K was added and
mixed by vortex. And incubated at 60°C for 15 minutes.

2, After that, 200pl of lysis buffer was added to each tube and mixed by
vortex vigorously, and then all tubes were incubated at 70°C for 15 minutes,

and inverted every 3 minutes through incubation periods.

3. 200p] absolute ethanol were added to lysate and immediately mixed
by shaking vigorously.
4. DNA filter column was placed in a 2 ml collection tube and

transferred all of the mixture (including any precipitate) to column. Then
centrifuged at 10000rpm for 5 minutes. And the 2 ml collection tube
containing the flow.through were discarded and placed the column in a new

2 ml collection tube.
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400ul W1 buffer were added to the DNA filter column, then
centrifuge at 10000rpm for 30 seconds. The flow. through was discarded and

placed the column back in the 2 ml collection tube.

600ul Wash Buffer (ethanol) was added to each column. Then
centrifuged at 10000rpm for 30 seconds. The flow. through was discarded

and placed the column back in the 2 ml collection tube.

All the tubes were centrifuged again for 3 minutes at 10000 rpm to dry

the column matrix.

The dried DNA filter column was transferred to a clean 1.5 ml
microcentrifuge tube and 50 pl of pre.heated elution buffer were added to

the center of the column matrix.

The tubes were let stand for at least 5 minutes to ensure the elution
buffer was absorbed by the matrix. Then centrifuged at 10000 rpm for 30
seconds to elude the purified DNA.

3.4.2 Estimation of Genomic DNA purity &cocentration

The extracted blood genomic DNA was checked by using Nanodrop
spectrophotometer (THERMO. USA), which measured DNA concentration
(ng/pL) and check the DNA purity by reading the absorbance at (260 /280
nm) as following steps:
1.  After opening up the Nanodrop software, chosen the appropriate
application (Nucleic acid, DNA).
2. A dry wipe was taken and cleaned the measurement pedestals several
times. Then carefully pipette 2l of free nuclease water onto the surface of

the lower measurement pedestals for blank the system.
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8 The sampling arm was lowered and clicking OK to initialized the
Nanodrop, then cleaning off the pedestals and 1pl of blood genomic DNA

was added to measurement.

3.4.5 ARMS-PCR Method
ARMS-PCR assay was performed for detection and SIRT3gene

(rs11246029,rs12293349,rs56312618) polymorphism in 24 MI patients,24
risk factor individual and in 19healthy control blood samples. This method
was carried out according to described method by(Medrano and de Oliveira

2014). as following steps:

3.4.5.1 ARMS-PCR master mix preparation
ARMS-PCR master mix was prepared by using (AccuPower PCR

PreMix Kit) and this master mix done two reactions for each sample
according to company instructions as following tables:

1- A-allele ARMS PCR reaction Mix:

PCR Master mix Volume
DNA template 2ul
A-allele primers (10pmol) 1ul
Forward primer
Internal ( Opnfol) 1ul
control :
. Reveres primer
primers (10pmol) 1pl
PCR water 15ul
Total volume 20ul
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2- T-allele ARMS PCR reaction Mix:

PCR Master mix Volume
DNA template 2ul
T-allele primers (10pmol) 1ul
Forward primer
Internal ( 10prrf)ol) Tpl
control .
. Reveres primer
primers (10pmol) Lpl
PCR water 15ul
Total volume 20ul

After that, these PCR master mix component that mentioned in table
above placed in standard AccuPower PCR PreMix Kit that contains all other
components which needed to PCR reaction such as (Taq DNA polymerase,
dNTPs, Tris-HC1 pH: 9.0, KCl, MgCl,,stabilizer, and loading dye). Then,
all the PCR tubes transferred into Exispin vortex centrifuge at 3000rpm for 3
minutes. Then placed in PCR Thermocycler (Mygene. Korea).

3.4.5.2 ARMS-PCR Thermocycler Conditions
PCR thermocycler conditions were done for each gene independent as
following tables:

PCR step Temp. Time repeat
Initial denaturation 95°C Smin. 1
Denaturation 95°C 30 sec.
Annealing 55°C 30 sec. 35cycle
Extension 72°C 30 sec.
Final extension 72°C Smin 1
Hold 4°C Forever -
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3.4.5.3 ARMS-PCR product analysis
The ARMS-PCR products were analyzed by agarose gel

electrophoresis following steps:
1- 1% Agarose gel was prepared in using 1X TBE and dissolving in water
bath at 100 °C for 15 minutes, after that, left to cool 50°C.
2- Then 3pL of ethidium bromide stain were added into agarose gel solution.
3- Agarose gel solution was poured in tray after fixed the comb in proper
position after that, left to solidified for 15 minutes at room temperature, then
the comb was removed gently from the tray and 10pl of PCR product were
added in to each comb well and 10ul of (100bp Ladder) in First well.
4- The gel tray was fixed in electrophoresis chamber and fill by 1X TBE
buffer. Then electric current was performed at 100 volt and 80 AM for
lhour.
5- The ARMS-PCR products were visualized by using UV transilluminator.
3.4.6.1 Total RNA extraction

Total RNA were extracted from serum samples by using (TRIzol®
reagent kit. Bioneer. Korea) and done according to company instructions as

following steps:

1- 250pl serum samples was placed in 1.5 microcentrifuge tube then 750ul

TRIzol® reagent was added to each tubes.

2- Then, 200p1 chloroform was added to each tube and shaken vigorously for 60

seconds.

3- The mixture was incubated on ice for 5 minutes. Then centrifuged at 12000

rpm, 4C°, for 15 minutes.

5- Supernatant was transferred into a new Eppendorf tube, and 500ul isopropanol

was added. Then,The mixture was mixed by inverting the tube 4-5 times and
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incubated at 4C° for 10 minutes. Then, centrifuged at 12,000 rpm , 4C° for
10 minutes.

8- Supernatant was discarded, and 1ml 80% Ethanol was added and mixed by
vortex again. Then, centrifuge at 12000 rpm, 4C° for 5 minutes.

9- The supernatant was discarded and the RNA pellet was left to air to dry.

12- 50pl DEPC water was added to each sample to dissolve the RNA pellet,
Then, the extracted RNA sample was kept at -20.

3.4.6.2 DNase I Treatment

The extracted RNA were treated with DNase I enzyme to remove the trace
amounts of genomic DNA from the eluted total RNA by using samples
(DNase I enzyme kit) and done according to method described by Promega

company, USA instructions as follow:

Mix Volume
Total RNA 100ng/ul 10ul
DNase I enzyme lul
10X buffer 4ul
DEPC water 5ul
Total 20ul

After that, The mixture was incubated at 37C° for 30 minutes. Then, 1l stop
reaction was added and incubated at 65C° for 10 minutes for inactivation of

DNase enzyme action.
3.4.6.3 Assessment of the extracted RNA for miRNA
The concentration of the extracted total RNA was quantified by the use of

Quantus fluorometer system following the manufacturer's instructions
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(Promega, USA). This assay was performed by adding 99 to 1 of Tris EDTA
to 1 to 1 of extracted RNA in eppendorf tube and then 100 to 1 of Quanti
Fluor RNA dye was added. The mixer was kept for 5 minutes at dark place.
Then the quantity of RNA (ng/ml) was measured, the appropriate application
was chosen (Nucleic acid, RNA).

3.4.6.4 Assessment of the extracted RNA

The Taq Man MicroRNA assays were used looped-primer RT-PCR, a new
real-time quantification method, for detection mature miRNAs. Total RNA
containing miRNA was the s-\,tarting material in RT-PCR reaction which was
performed in two-steps as in figure (3-1):

1. In the reverse transcription (RT) step, cDNA was reversed transcribed
from total RNA samples using specific miRNA primers from the
TagMan  MicroRNA  Assays and reagents from the
TagManOMicroRNA Reverse Transcription Kit.

2. In the PCR step, PCR products were amplified from cDNA samples
using the TagMan MicroRNA Assay together with the TagMan®
Universal PCR Master Mix. As shown in figure (3-2)
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Figure (3-2): Two - step RT- PCR reaction (TagMan small RNA assays
protocol, 2011)

3.4.6.5 ¢cDNA synthesis

3.3.10.1 cDNA synthesis for miR1 and miR1435

DNase-I treated RNA samples were used in miRNA cDNA synthesis step
for (1,145)miRNA by using M-MLYV Reverse Transcriptase kit and done

according to company instructions as following tables:

Step 1
RT master mix Volume
Total RNA 100ng/ul 8ul
hsa-miR-21RT primer lul
DEPC water lul
Total 10ul
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Than RNA and primer was denatured for 10 min at 65 °C, after that
immediately cool on ice.

Step 2
RT master mix Volume
Step 1 RT master mix 10ul
M-MLYV RTase (200u) Tul
5X M-MLV RTase reaction 4ul
buffer
100mM DTT 2ul
dNTP 2ul
RNase inhibitor lul
Total 20ul

Then the tubes were placed in vortex and briefly spinning down. The RNA
converted into cDNA in thermocycler under the following thermocycler

conditions:
Step Temperature Time
c¢DNA synthesis (RT 42 °C 1 hour
step)
Heat inactivation 95 °C 5 minutes

3.4.6.7 c¢cDNA synthesis for GAPDH gene
DNase-I treated RNA samples were also used in cDNA synthesis step for
GAPDH gene by using M-MLV Reverse Transcriptase kit and done

according to company instructions as following tables:
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Step 1
RT master mix Volume
Total RNA 100ng/ul 8ul
Random Hexamer primer lul
DEPC water lul
Total 10ul

Than RNA and primer was denatured for 10 min at 65 'C, after that

immediately cool on ice.

Step 2

RT master mix Volume

Step 1 RT master mix 10ul

M-MLYV RTase (200u) lul

5X M-MLYV RTase reaction

buffer 4ul

100mM DTT 2ul

dNTP 2ul

RNase inhibitor 1ul

Total 20ul

Then the tubes were placed in vortex and briefly spinning down. The RNA

converted into cDNA in thermocycler under the following thermocycler

conditions:
Step Temperature Time
c¢DNA synthesis o
(RT step) 42 °C 1 hour
Heat inactivation 95 °C 5 minutes

3.4.6.8 STEM-LOOP RT-qPCR

The stem loop RT-qPCR was used in quantification of miRNA-1 and

miRNA-145 expression analysis that normalized by housekeeping gene
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(GAPDH) in serum MI patients , risk and control group by using
Real-Time PCR technique and this method was carried out according to
method described by (Varkonyi-Gasic and Hellens 2011) and include the
following steps:
1- qPCR master mix preparation

gqPCR master mix was prepared by using NEXpro™ Master Mix
(Probe)that dependant on TagMan probe FAM dye detection of gene

amplification in Real-Time PCR system and include the follow:

qPCR master mix volume

21 miRNA cDNA template SuL

(100ng) s

Forward primer(10pmol) 2.5 uL
Reverse primer (10pmol) 2.5 uL
TagMan probe (20pmol) 2.5 uLL
DEPC water 25 ul
Total 50 uL

After that, these gPCR master mix component that mentioned above placed
in gPCR premix standard plate tubes that contain the other PCR TagMan
probe amplification components, then the plate mixed by Exispin vortex
centrifuge for 3 minutes, than placed in Miniopticon Real-Time PCR

system.
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2- miRNA qPCR Thermocycler conditions
After that, the gPCR plate was loaded and the following thermocycler
protocol in the following table:

qPCR step Temperature Time Repeat
cycle
Initial Denaturation 95 °C Smin 1
Denaturation 95 °C 20 sec 45
Annealing\Extention 55°C 30 sec
Detection(scan)

3.4.6.9 Data analysis of qRT-PCR

The data results of ¢ RT-PCR for target and housekeeping gene were
analyzed by the relative quantification gene expression levels (fold change)
by using The ACT Method Using a Reference that described by(Livak and
Schmittgen 2001). as following equations:
AACT = ACT, target in treated sample- ACT, target in calibrator sample

Gene Test (Treatment group) Cal. (Control group)
Target gene CT (target, test) CT (target, cal)
Reference gene CT (ref, test) CT (ref, cal)
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Figure (3-3): Real time PCR amplification plot for miRNA-1 in blood
samples that show difference in threshold cycle numbers (Ct value) between

Patients and Healthy control groups.

Red plot : Patient MI group, Blue plot: Patient Risk group, and Green plot:
healthy control group.
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Figure (3-4): Real time PCR amplification plot for miR145 in blood
samples that show difference in threshold cycle numbers (Ct value) between

Patients and Healthy control groups.

Red plot : Patient MI group, Blue plot: Patient Risk group, and Green plot:
healthy control group.

3.4.6.10 Relative quantification (the AACT method)

The AACT method, also referred to as the Comparative CT method, is a
means of measuring relative quantification and was described by Livak and
Schmittgen 2001(Livak and Schmittgen 2001). It determines the relative
change in gene expression between a target gene under investigation and that
of calibrator (control) gene. Most frequently, the untreated control is used as
the calibrator.

The difference between the CT of the target gene (CT, target) and the CT of
the endogenous control (CT, ec) is the ACT of the sample:

ACT = CT, target - CT, ec

53



Chapter Three Materials and Methods

The term AACT is calculated as the ACT of the target gene in the treated
sample minus the ACT of the target in the untreated, calibrator sample:
AACT = ACT, target in treated sample- ACT, target in calibrator sample
The calibrator, since it is untreated, should have no change in its AACT
value during the course of the experiment. Its change, therefore, is
equivalent to zero. Since 20 equal one, the calibrator gene's expression is
unity.
When the AACT method is used to measure gene expression, therefore, the
results are expressed as a " fold" change in the expression level of the target
gene normalized to the endogenous control and relative to the calibrator. It is
given by the equation: Relative Fold Change = 2 AACT
3.5 Statistical analysis

Data were summarized , presented and analyzed using statistical
package for social science ( SPSS version 23 ) and Microsoft office Excel
2016.Numeric data were presented as mean ,standard deviation, range,
median and interquartile range (IQR) after performance of KolmogorovS
normality test and making decision about normally and non normally
distributed variable . kruskall walis test was used to study difference in mean
rank among more than two groups . Chi-square test was used to study
associated between any two categorical variables .Odd ratio and 95%
confidence interval was estimated to measure risk. Receive operator
characteristic curve analysis was used to find out the proper cutoff values
and further analysis of sensitivity and specificity was carried out accordingly
. the level of significance was considered at P-value of 0.05 or less and

highly significant level at 0.01 or less(Cool 2007).
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4.1 Demographic characteristics of the control and study
groups
The current study included 24 patients with ST elevation

myocardial infarction (MI), 24 persons who have risk factors of
myocardial infarction and 19 healthy control subjects.
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Figure(4-1): Bar chart showing mean age in control and study groups

The mean age of patients with MI was 58.83£11.04 years, the
mean age of risk group was 53.04+ 9.65 years and that of control
group was 60.00+9.87 years. There was no significant difference in
mean age among study and control groups enrolled in the present
study (P=0.058), which ensures age matching that is mandatory for
such a study, as shown in figure (4-1).
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Table (4-1): Distribution according to gender of control and study

groups
Ml Risk Control ,
Gender X P
n=24 n=24 =19
Male 16 (66.7) 10 (41.7) 13 (68.4)
Female 8 (33.3) 14 (58.3) 6(31.6) 422 0.121
M_:F ratio 2:1 1:1.4 2.2:1

Regarding to gender distribution about 16 patients (66.7%) were
male, and 8 patients(33.3%) were female, while the the risk group
included 10 (41.7%) male and 14 (58.3%) female and the control group
included 13 (68.4%) male and 6 (31.6%) women. There was no
significant difference in mean gender among the three groups regarding
distribution of patients according to gender (P=0.121), which ensures
gender match that is mandatory for such a study, as shown in table(4-1).

This result came in agreement with other Iraqi study done by(Al-
Asadi and Kadhim 2014, Sanchis-Gomar, Perez-Quilis et al. 2016) which
is reports MI prevalence was middle-aged individuals (35-54 years) |,
The prevalence of MI was higher in male compared with female, M I
Risk factors in the present were patients with hypertensive , Diabetes
mellitus patients and dyshyperlipidemia patients this factor incidence
occurs within age group range between 35-74 years, which came
compatible with previously conducted study (Sanchis-Gomar, Perez-
Quilis et al. 2016) .

Mean weight of patients belonging to MI group was 90.38 £11.99
kg; mean weight of risk group was 91.13£10.93 kg and the mean weight
of control group was 94.11+ 9.92 kg. There was no significant difference

in mean weight among groups (P=0.358), as shown in figure 4-2.
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Figure 4-2: Bar chart showing mean weight in control and study

groups

4.2 Hematological parameters of control and study groups

Hematological parameters included in the present study considered as

non specific or indirect diagnostic markers of AMI, and it's done

Table (4-2): Mean hematological parameters among control and

study groups
Characteristic Ml Risk Control
43.96 +12.04 39.79 +13.64 46.63 £3.35
(1)

PCV % A A A

Platelet X10%/cc 271.65 Ai68.25 236.58Bi54.07 235.63Bi44.10
3 998 +1.98 7.14 +1.14 7.50 +£1.19

WBC X10°/cc A B B

ESR mm/hr 24.63 +£19.23 - -—--

Capital letters to indicate differences in mean; different letters indicate significant difference at P<0.05;
similar letters indicate insignificant difference at P<0.05; A indicates the highest value.
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according to physician's request as a routine which include (PCV, WBC,
and platelets , ESR).Mean packed cell volume (PCV) % of patient group
was 43.96 £12.04; mean PCV% of risk group was 39.79 £13.64 and that
of control group was 46.63 +3.35. There was no significant difference in
mean PCV among the three groups (P>0.05), This finding dose not agrees
with Al-Oqaily et al (AL-Ogqaily 2014)who found that PCV can be
manifested as myocardial infarction due to decreased oxygen carrying
capacity to the heart, as shown in table 4-2. Mean platelet count of
patient group was 271.65 +68.25; mean platelet count of risk group was
236.58 £54.07 and that of control group was 235.63 +44.10.

Mean platelet count of MI group was significantly highest
(P<0.05), whereas, there was no significant difference in mean platelet
count between risk and control groups (P>0.05), as shown in table (4-2)
This finding  agree with Khandekar et al (Khandekar, Khurana et al.
2006) since they found that platelet distribution width and mean platelet
volume are significantly raised in patients with acute myocardial
infarction and unstable angina.

Mean white blood cells (WBC) count of patient group was 9.98
+1.98; mean white blood cell (WBC) of risk group was 7.14 +1.14 and
that of control group was 7.50 £1.19. Mean WBC count of MI group was
significantly highest (P<0.05), whereas, there was no significant
difference in mean WBC count between risk and control groups (P>0.05),
as shown in table( 4-2) this finding came in agreement with Madjid et
al(Madjid, Awan et al. 2004), Hoffman et al(Hoffiman, Blum et al. 2004),
and Lee et al (Lee, Folsom et al. 2001) since they found that patients with

elevated white blood cell counts are at higher risk of developing acute
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myocardial infarction and acute coronary events. Mean erythrocyte

sedimentation rate (ESR) of patients group was 24.63£19.23 mm/hr.
4.3 Serum lipid profile of control and study groups

Table (4-3): Mean serum lipids among control and study groups

Serum lipid Ml Risk Control
Triglyceride (mg/d) 202.12 A:t47.41 209.42 :162.56 115.89Bﬂ:41.98
Total cholesterol (mg/dl) 222.42 :35.92 202.92B£c44.44 186.21Ci37.79
HDL (mg/dl) 41.2§7.20 40.83 A:l:8.20 32.89B:|:4.51

Capital letters to indicate differences in mean; different letters indicate significant difference at P<0.05;
similar letters indicate insignificant difference at P<0.05; A indicates the highest value
The Mean serum triglyceride of patients with MI was
202.12+47.41 mg/dl; mean serum triglyceride of risk group was
209.42+162.56 mg/dl and that of control group was 186.21+37.79 mg/dl.
It was significantly lowest in the control group (P<0.05); however, no
significant difference was encountered in its level between MI and risk

groups (P>0.05, as shown in table (4-3).

Moreover, mean serum Total cholesterol in patients with MI was
202.12 +47.41 mg/dl; mean serum Total cholesterol of risk group was
209.42 +162.56 mg/dl and that of control group was 186.21 +37.79
mg/dl. It was significantly highest in the MI group followed by risk group
and then by control group (P<0.05), as shown in table (3-4).

According to such data, The most MI patients and risk group
patients were considered as hypertensive when they were already on
antihypertensive treatments and antihyperlipidemia treatments therefore
some time no significant difference in triglyceride , cholesterol and High

density lipid (HDL) of plasma level when compared with healthy control.
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This result agreement with Al-Gazally and Al-Saadi results (Al-Gazally
and Al-Saadi 2016) and Holmes, Millwood et al (Holmes, Millwood et al.
2018) since they found Lipoproteins and lipids showed similar
associations with MI . HDL particles, cholesterol concentrations are
inversely associated, whereas triglyceride concentrations is positively

associated with MI .

4.4 Distribution of patients groups according to frequency

of attack

Patients belong to MI group were classified into those having first
attack and those experience recurrence. Patients with first attack account
for 19 out of 24 (79.2%), while patients with recurrence accoun for 5 out

of 24 (20.8%), as shown in figure (4-3).

\
[ Recurrence. 5.

208% e

First atttack. 19.
79.2%

\ i

Figure 4-3: Pie chart showing the distribution of patients with MI
according to frequency of attacks
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4.5 Marker of cardiac muscle injury in groups enrolled in
the present study

The serum level of cardiac muscle injury markers in MI patients are
shown in table (4-4). Patients who were positive for Troponine accounted
for 9 out of 24 (37.5%), those who were positive for creatinine kinase

(CK) accounted for 9 out of 24 (37.5%), those who were positive for

Table (4-4): Markers of cardiac muscle injury

Marker n %

Troponine I 9 375
CK-MB 9 37.5
Myoglobin 9 37.5
Any one of them 13 54.2

Myoglobin accounted for 9 out of 24 (37.5%) and those who were
positive for any one of the three markers accounted for 13 out of 24
(54.2%), as shown in table (4-4).

There are different results of cardiac markers in MI patients might
be related to time of sample collection, therefore some patients with early
MI stage, CK-MB test only was positive, others were negative , because
The CK-MB rises in the serum at 4-9 h after the onset of chest pain,
peaks ~24 h and returns to baseline
values at 48-72 h(Gerhardt, Katus et al. 1991, Wang, Lee et al. 2013).
Myoglobin is released extremely early into the serum, 1 h after the onset
of myocardial injury, peaks at 4-12 h and returns to baseline values

immediately(Vaidya 1994). Troponinel are released into the circulation
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6-8 h after myocardial injury, peak at 12-24 h and remain elevated for 7-
10 days(Tucker, Collins et al. 1997). Therefore differents in this result
each patient depent on MI progress which asociated with blood

collection time .

4.6 SIRT3 Frequency distribution of genotype and allele
belonging to rs11246029

The frequency distribution of genotype and allele belonging to
rs11246029 figure (4-4); according to groups is shown in table (4-6).
Genotype CC was seen in 16 (66.6%), and 6 (31.6%) of MI, and control
groups respectively. Genotype CT was seen in 4 (16.7%), and 8 (42.1%)
of ML, and control groups respectively. Genotype TT was seen in 4
(16.7%), and 5 (26.3%) of MI, and control groups respectively. There
were highly significant difference in frequency distribution of CC
genotype between MI and control groups (p=0.022) with an EF (0.56).

On the other hand, both of CT, and TT genotype show no
significant differences between MI and control group (p=0.065, and
P=0.065) respectively. As shown in Table (4-6).

Concerning the allelic distribution, allele C was seen in 36
(75.0%), 29 (60.4%) of MI, and control groups, respectively. Allele T
was seen in 12 (25.0%), and 18 (47.4%) of MI, and control groups,
respectively. Allele C was more frequently seen in patients with MI than
in control group (P = 0.031), with EF (0.40). Patients are more likely to
have allele C by an Odds ratio of 2.7, as shown in table (4-6). While

allele T was more frequently seen in control than in MI group
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(P=0.031),with PF (0.40). Patients are less likely to have allele T, as

shown in table (4-6).

Table (4-6): The frequency distribution of genotype and allele

belonging to rs11246029 between MI, Risk and control group.

Genotype Ml Control | OR (95% CI) EF PF
CcC 16 (66.6) 6 (31.6) 0.022 4.33 (1.2-15.69) 0.56 an
CT 4(16.7) 8 (42.1) 0.065 0.28 (0.07-1.12) —--- 0.47
TT 4(16.7) 5(26.3) 1.000 0.99 (0.22-4.33) e 0.26

Allele MI Control P OR (95% CJ) EF PF
C 36 (75.0) 20 (52.6) 0.031 2.70 (1.08-6.72) 0.40 .
T 12 (25.0) 18 (47.4) 0.031 0.37 (0.15-0.92) 0.40

Genotype Risk Control P OR (95% CI) EF PF
CcC 10 (41.7) 6 (31.6) 0.497 1.55 (0.44-5.47) 0.22 -
CT 9 (37.5) 8 (42.1) 0.759 0.83 (0.24-2.82) 0.10 e
TT 5(20.8) 5(26.3) 0.637 0.74 (0.18-3.05) - 0.15

Allele Risk Control P OR (95% CI) EF PF
C 29 (60.4) 20 (52.6) 0.469 1.37 (0.58-3.25) 0.16 e
T 19 (39.6) 18 (47.4) 0.469 0'73 ;(;.)31- - 0.16

Regarding to Risk and control group, Genotype CC was seen in 10
(41.7%)and, 6 (31.6%) of Risk, and control groups respectively.
Genotype CT was seen in 9 (37.5%) and 8 (42.1%) of Risk, and control

groups respectively. While, Genotype TT was seen in 5 (20.8%) and 5

(26.3%) of Risk, and control groups respectively. There were no

significant difference in frequency distribution of theses genotype

between Risk and control groups (p=5 (20.8, p= 0.759, and p= 0.637 )
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respectively. However, both CC, and CT genotype were more frequently
seen in risk group than in control group, with EF (0.22, 0.10
respectively). Risk group are more likely to have genotype CC, by an
Odds ratio of 1.55, as shown in table (4-6).Regarding to allelic
distribution, allele C was seen in 29 (60.4%), 20 (52.6%) of risk, and
control groups, respectively. Allele T was seen in 19 (39.6%), and 18
(47.4%) of risk, and control groups, respectively. Allele C was more
frequently seen in risk group than in control group, but statistically it
seem not significant (P = 0.469), with EF (0.16). thus, Patients are more
likely to have allele C by an Odds ratio of 1.37. as shown in table (4-6).

M CC CC TT CC C/T

1500bp

1000bp -

500bp - I
227bp
185bp

100bp

Figure (4-4): Agarose gel electrophoresis image that show the ARMS-
PCR product analysis of SIRT3 gene (rs11246029) blood patients and
healthy control samples. ARMS-PCR product was analysis by 1%
agarose gel. Where M: marker (150-100bp), lane (CC) wild type
homozygote was show at two bands (375bp internal control band and
227bp C allele bands), lane (TT) mutant type homozygote was show at
two bands (375bp internal control band and 185bp T allele bands), and
lane (C/T) heterozygote was show at three band digested at (375bp
internal control band, 227bp C allele and 185bp T allele bands)
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4.7 Frequency distribution of genotype and allele belonging to
rs12293349.

The frequency distribution of genotype and allele belonging to
rs12293349 figure (4-5) according to groups is shown in table (4-7).
Genotype CC was seen in 7 (29.2%), and 10 (52.6%) of MI, and control
groups respectively. Genotype CT was seen in 12 (50.0%), and 4 (21.1%)
of MI, and control groups respectively. Genotype TT was seen in 5
(20.8%), and 5 (26.3%) of MI, and control groups respectively. The only

significant difference was seen in frequency distribution of CT genotypes

Table (4-7): The frequency distribution of genotype and allele
belonging to rs12293349 between MI, Risk, and control group.

Genotype MI Control P OR (95% CI) EF PF
CC 7(29.2) 10 (52.6) 0.118 0.37 (0.11-1.131 R 0.41
CT 12 (50.0) 4(21.1) 0.051 3711(2)56 0.55 -
TT 5(20.8) 5(26.3) 0.953 0.74 (0.44-1.72) - 0.15

Allele M1 Control P OR (95% CI) EF PF
C 26 (54.2) 24 (63.2) 0.401 0.69 (0.29-1.65) e 0.19
T 22 (45.8) 14 (36.8) 0.401 1.45 (0.61-3.46) 0.19 o

Genotype Risk Control P OR (95% CI) EF PF
CcC 9(37.5) 10 (52.6) 0.474 0.64 (0.19-2.16) - 0.29
CT 6 (25.0) 4 (21.1) 1.000 1.25 (0.30-5.27) 0.12 e
TT 9(37.5) 5(26.3) 0.437 1.68 (0.45-6.25) 0.26 e

Allele Risk Control P OR (95% CI) EF PF
C 24 (50.0) 24 (63.2) 0.222 0.58 (0.24-1.39) —een 0.26
T 24 (50.0) 14 (36.8) 0.222 1.71 (0.72-4.09) 0.26 -—--
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between MI and control groups (P=0.05), and EF (0.55). Thus, genotype
CT was more frequently seen in risk group than in control group with OR

(3.75).

In addition to that, allele C was seen in 26 (54.2%), and 24 (63.2%)
of MI, and control groups, respectively. Allele T was seen in 22 (45.8%),
and 14 (36.8%) of MI, and control groups, respectively. Neither allele C
nor allele T showed significant difference in their frequency distribution

among MI, and control groups (P>0.05), as shown in table (4-7).

Concerning Risk and control group, Genotype CC was seen in 9
(37.5%), and 10 (52.6%) of risk, and control groups respectively.
Genotype CT was seen in 6 (25.0%), and 4 (21.1%) of risk, and control
groups respectively. Genotype TT was seen in 9 (37.5%), and 5 (26.3%)
of risk, and control groups respectively. There were no significant
difference was seen in frequency distribution of CC, CT, and TT
genotypes between risk and control groups (P=0.474, p= 1.00. p= 0.437)
respectively, and EF (0.55). Thus, genotype CT was more frequently seen
in risk group than in control group with OR(3.75).as shown in table (4-7).

In addition to that, allele C was seen in 24 (50.0%), and 24 (63.2%)
of risk, and control groups, respectively. Allele T was seen in 24 (50.0%),
and 14 (36.8%) of risk, and control groups, respectively. Neither allele C
nor allele T showed significant difference in their frequency distribution

among risk, and control groups (P>0.05), as shown in table (4-7).
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Figure (4-5): Agarose gel electrophoresis image that show the ARMS-
PCR product analysis of SIRT3 gene (rs12293349) blood patients and
healthy control samples. ARMS-PCR product was analysis by 1%
agarose gel. Where M: marker (150-100bp), lane (CC) wild type
homozygote was show at two bands (272bp internal control band and
170bp C allele bands), lane (TT) mutant type homozygote was show at
two bands (272bp internal control band and 146bp T allele bands), and
lane (C/T) heterozygote was show at three band digested at (272bp
internal control band, 170bp C allele and 146bp T allele bands).

4.8 The frequency distribution of genotype and allele belonging to
rs56312618.

The frequency distribution of genotype and allele belonging to
rs56312618 figure (4-6); according to groups is shown in table (4-8).
Genotype GG was seen in 4 (16.7%), and 8 (42.1%) of M, and control
groups respectively. Genotype GA was seen in 7 (29.2%), and 7 (36.8%)
of MI, and control groups respectively. Genotype AA was seen in 13

(54.2%), and 4 (21.1%) of M1, and control groups respectively.
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There was significant difference in frequency distribution of AA,
genotypes between MI and control groups (P=0.027), with an EF (0.59),
and OR (4.43). Accordingly, genotype AA was more frequently seen in
MI group than in control group.

Table 4-8: The frequency distribution of genotype and allele
belonging to rs56312618 between MI, Risk, and control group.

Genotype Ml Control P OR (95% CI) EF PF
GG 40167 | 8@2.1) 0.065 0.281.(102.())67- . 0.47
GA 7(92) | 7(368) 0594 | 0.71(0202.54) | - 0.17
AA 13642) | 4Ll | 0027 4'4137_(413';3' 0.59

Allele MI Control P OR (95% CI) EF PF
G 15313) | 23(60.5) | 0007 |032(0.13-077) | - 0.46
A 3164.7) | 15(60.5) | 0007 |3.17(129-776) |  0.46

Genotype Risk Control P OR (95% CI) EF PF
GG 9(37.5 | 8@2.1) 0759 | 0.83(0242.82) | - 0.10
GA 5208) | 7(368) 0245 | 045(0.12-1.75) | 0.34
AA 0@L7) | 4@l 0.152 2'61%.(5058' 0.45

Allele Risk Control P OR (95% CI) EF PF
G 23(479) | 23(60.5) | 0244 | 0.6(0.25-142) 0.25
A 25(2.1) | 15(39.5) | 0244 | 167007395 | 025

On the other hand, allele G was seen in 15 (31.3%), and 23 (60.5%)
of MI, and control groups, respectively. Allele A was seen in 31 (64.7%),
and 15 (60.5%) of MI, and control groups, respectively. Thus, Allele A
was more frequently seen in patients with MI than in control group (P =
0.007), with an EF=0.46. While allele G was less frequently seen in
patients with MI than in control group (p=0.007), with PF=0.46. Thus,
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allele A was more frequently seen in MI group than in control group.as

shown in table (4-8).

While, The frequency distribution of genotype and allele belonging to
rs56312618 belong to risk and control is shown in table (4-8). Genotype
GG was seen in 9 (37.5%), and 8 (42.1%) of Risk, and control groups
respectively. Genotype GA was seen in 5 (20.8%), and 7 (36.8%) of Risk,
and control groups respectively. Genotype AA was seen in 10 (41.7%),
and 4 (21.1%) of Risk, and control groups respectively. According to data
of present study, There were no significant difference in frequency
distribution of GG, GA, and AA, genotypes between Risk, and control
groups (P> 0.05).Concerning allelic distribution, allele G was seen in 23
(47.9%), and 24 (63.2%) of risk, and control groups, respectively. Allele
A was seen in 25 (52.1%), and 15 (39.5%) of risk, and control groups,
respectively. Neither allele G nor allele A showed significant difference
in their frequency distribution among risk, and control groups (P>0.05),

as shown in table (4-8).
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Figure (4-6): Agarose gel electrophoresis image that show the
ARMS-PCR product analysis of SIRT3 gene (rs56312618) blood patients
and healthy control samples. ARMS-PCR product was analysis by 1%
agarose gel. Where M: marker (150-100bp), lane (GG) wild type
homozygote was show at two bands (320bp internal control band and
192bp G allele bands), lane (AA) mutant type homozygote was show at
two bands (320bp internal control band and 172bp A allele bands), and
lane (G/A) heterozygote was show at three band digested at (320bp
internal control band, 192bp G allele and 172bp A allele bands).

To date, few studies have linked the SIRT3 gene polymorphsim with
coronary artery disease. Keeping in mind this is the first locally
conducted study concerning such subject.

According to data of the above studded genotype , the only
significant correlation concerning rs11246029 genotype was seen in CC
variant between MI and control group with an EF= 0.56. While in case of
rs12293349 genotype the significant difference was seen in CT variant,
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between MI and control (p=0.05) group with an EF= 0.55 as mentioned
previously.

In addition to that the rs56312618 genotype show significant
difference in AA variant, between MI and control group(p=0.027), also
with EF=0.59. according to such data the CC,CT, and AA genotype were
more frequently seen in MI group than in control group, thus people who
have such genotype would be at risk for developing myocardial
infarction.

Accordingly, Three SNPs were found in MI patients with
significantly higher frequencies compared to controls SNPs, might be
significantly decrease the transcriptional activities of the SIRT3 gene
promoter in cells. Therefore, these SIRT3 gene promoter SNP may
reduce SIRT3 levels, contributing to the MI development as risk factors.
The human SIRT3 gene is localized to the chromosome 11p15.5, and
encodes an NAD dependent mitochondrial deacetylase of 399-amino
acids containing an N-terminal mitochondrial targeting signal and a
central catalytic domain(Frye 1999, Schwer, North et al. 2002). SIRT3
gene is expressed in a variety of tissues with higher expression in adipose
tissue, brain and heart in embryos and adults indicating the tissue-specific

regulation of the SIRT3 gene expression. The human SIRT3 gene
promoter contains high GC contents and lacks the TATA box sequence
and there are binding sites for activator protein 1 (AP1), GATA-binding
factor,) and transcription factor ZF5, as well as multiple specificity
protein 1 (SP1) binding sites(Bellizzi, Dato et al. 2007). Nuclear
respiratory factor 2, a transcription factor that regulates mitochondrial
genes, binds to the promoter of SIRT3 gene and induces its

expression(Satterstrom, Swindell et al. 2015). In this study, the SNP
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reduced the SIRT3 promoter transcriptional activity cells to different
extents. Therefore, expression of the human SIRT3 gene may be
manipulated for therapeutic purposes.

A series of downstream substrates of SIRT3, as well as histone,
have been identified. SIRT3 deacetylates and activates several enzymes
that are critical in maintaining cellular ROS levels and promote resistance
to oxidative stress, including superoxide dismutase 2 (SOD2) and) (Chen,
Zhang et al. 2011, Merksamer, Liu et al. 2013) (Tao, Coleman et al.
2010). Increased ROS levels and oxidative stress have been demonstrated
to contribute to the atherogenesis(Li, Horke et al. 2014, V Goncharov, V
Avdonin et al. 2015).

SIRT3 regulates fatty acid oxidation through heat shock protein
10(Lu, Chen et al. 2015). In human diploid fibroblasts, SIRT3
overexpression antagonizes high glucose-induced cellular senescence via
the SIRT3- FOXO1 signaling pathway(Zhang, Cui et al. 2013). A recent
study has shown that SIRT3 targets human verylong-chain acyl-CoA
dehydrogenase, a key fatty acid oxidation enzyme(Verdin, Zhang et al.
2015). Therefore, decreased SIRT3 levels may contribute to MI
development by: 1) affecting lipid metabolism, inflammation and other
pathways, initiating the atherosclerosis; and 2) interfering with fatty acid
oxidation, ROS generation and mitochondrial functions, leading to death
of cardiomyocytes. Exact molecular mechanisms need further
investigated and elucidated.

A previously conducted study found that, A SNP rs11555236 (C>A)
in intron 5 of the SIRT3 gene, which increases expression of SIRT3 gene,
has been associated with extended lifespan of humans(Albani, Ateri et al.

2014).
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Like other candidate gene studies, there are several limitations in
the present study. As the power to detect disease susceptibility genes is
influenced by the number of patient's samples, the size of sample in the
present study seemed to be relatively small. Thus the lack of significant
differences between risk and control group related to all genotype under
study (rs11246029, rs12293349 and, rs56312618) might be related to

such factors mentioned above.
4.9 Median and inter-quartile range of mi-R 1 and 145 fold

change values in control and study groups
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Figure (4-7): Median and inter-quartile values of miRNA- 1 in MI,
risk and control groups

Since 2010, more than 30 studies have assessed the use of miRNAs as
biomarkers for acute MI diagnosis, and their predictive values for post-
MI outcomes, Protein biomarkers, based on cellular decay, such as Tnl/T

and creatine kinase MB (CK-MB), have been very well established in
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clinical use, so the evaluation versus this current standard is of utmost

importance.

The median fold change and inter-quartile range of miRNA-1 in
patients groups was 11.4 (6.95), and 3.6 (2.7) of risk group respectively.
and the value of fold change of control group was fixed at 1. Thus, the
level of miRNA-1 fold change was significantly highest in the MI group
followed by risk group and then by control group (P<0.05), as shown in
figure (4-7).While, the median fold change and inter-quartile range of
miRNA-145 in patients groups was 0.055 (0.12), 0.375 (0.78) of risk
group respectively. and the value of fold change of control group was
fixed at 1. The level of miRNA-145 fold change was significantly lowest
in the MI group followed by risk group and then by control group
(P<0.05), as shown in figure (4-8).

Circulating levels of miRNA-1 was significantly increased in
patients with AMI, this result came in agreement with Pan Z, Sun X et
al. (2012) since they mention that miRNA-1 positively correlates with
serum CK-MB level in AMI patient.

miRNA-1, level was increased with risk group because the most
of this group are hypertensive patients as a result of Atherosclerosis
which consider as an inflammatory process of endothelial blood vessels
wall that stimulating apoptosis, present study shows an increasing level
of miRNA-1 in this group when compared with control group, but
without increasing in level of ck-MB or others cardiac biomarker.
(Creemers, Tijsen et al. 2012).

In the context of the cardiovascular system, the most discussed

74



Chapter Four Results and Discussion

#

are miRNA-1 and miRNA-133(Townley-Tilson, Callis et al. 2010).
Moreover, A study done by Pavkova et al., 2018 (Boldrini, Fulmore et al.
2018)found that, The expression of miRNA-1 in cardiogenic shock
patients compared to controls was significantly higher. Also, in addition
to that, results are in consensus with published studies describing
increased circulating levels of miRNA-1 and miRNA-133 in patients with
MI (Ai, Zhang et al. 2010, Cheng, Wang et al. 2014). The source of
elevated levels of miRNA-1 and miRNA-133 is likely in the damaged
cardiac tissue (Ai, Zhang et al. 2010, Kuwabara, Ono et al. 2011). The
injury leads to deregulation of miRNA-1 and release from the damaged
cardiomyocyte(Bostjangi¢, Zidar et al. 2010). In the model of chronic
failing hearts, Kumarswamy et al have shown negative regulation of
cardiomyocyte miRNA-1 expression and decreased miRNA-1 expression
in vivo(Zhang, Li et al. 2012). Zhang et al showed the effect of miRNA-
1 on cell cycle progression(Zhang, Li et al. 2012). Furthermore,miRNA-1
affects the apoptotic process, vasoactive mediators, and could be one of
the mediators of cardiac hypertrophy(Fichtlscherer, Zeiher et al. 2011).
Most studies were focused on the group miRNA-1, -133a/b, -208a,
-499. These so-called myomirs are heart specific, due to their regulatory
interaction with the transcripts of different cardiac muscle myosin chains,
similar to CK-MB(van Rooij, Quiat et al. 2009). Changes in the
circulatory levels of these miRNAs specifically represent heart tissue.
Release kinetics have been closely studied by Liebetrau et al. in an
experimental setting, revealing significant elevation after 15 minutes and
a peak at 85 minutes for miRNA-1 and -133, in close correlation with

Tnl/T(Fichtlscherer, De Rosa et al. 2010).
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Figure (4-8): Median and inter-quartile values of miRNA-1 in MI,
risk and control groups

The present study mention that the level of miRNA-145 fold
change was significantly lowest in the MI group, which came in
agreement with previous study that demonstrated a significantly lower
miRNA-145 levels in coronary artery diseases patients(Fichtlscherer, De
Rosa et al. 2010). Moreover, miRNA-145 fold change was significantly
lower in the MI risk factor group ( Hypertensive ,hyperlipidemia , DM
and others risk factor ) compared with control which confirm previously
conducted study done by Cordes and colleagues since, they
demonstrated that miRNA-145 promotes differentiation and represses
proliferation of SMCs and the levels of this miRNA subtype were down
regulated to nearly undetectable levels in atherosclerotic lesions

containing neointimal hyperplasia(Cordes, Sheehy et al. 2009).
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Moreover, These results reiterate findings from previous study that
demonstrated significantly lower miRNA-145 levels in CAD
patients(Fichtlscherer, De Rosa et al. 2010).

Circulating miRNA-145 has been shown to be regulated during
coronary atherosclerosis (Cordes, Sheehy et al. 2009, Zhang 2009).
Cheng Y et al (Cheng, Liu et al. 2009)reported that miRNA-145 is the
most abundant miRNA subtype in the normal vascular walls and that it is
selectively expressed in the ~ Vascular smooth muscle cells ~ VSMCs
of vessel wall, and can regulate the phenotype of VSMC. Experimental
animal studies have reported that carotid artery ligation was associated
with markedly reduced miRNA-145 levels, as measured by quantitative
PCR and subsequent carotid stenosis(Cordes, Sheehy et al. 2009).
Mechanisms by which miRNA-145 regulates VSMC phenotype include
KLF4, calmodulin kinase II3, myocardin, actin polymerization and
angiotensin-converting enzyme(Albinsson and Sessa 2010). Restoration
of miRNA-145 expression limits neointima formation in response to
vascular injury by promoting KLF4 down regulation and VSMC
contractile protein expression(Cheng, Liu et al. 2009, Albinsson and

Sessa 2010).

Most studies failed to show discriminatory power for either a single
or a subset of circulating miRNAs. However, lower levels of miRNA-145
and -155 showed an inverse correlation with CAD severity scores
(Gensini and SYNTAX), Proliferative effects of miRNA-21, -199a, and
antiproliferative effects of miRNA-145, add to the possible concerted
hyperplastic ability of these candidates(Bhattachariya, Dahan et al. 2015).
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4.10 Cutoff values of miRNA(1,145) that predict MI diagnosis.
In order to find a cutoff value of miRNA-1, and miRNA-145 that can

predict a diagnosis of MI, More precisely, on receiver operating
characteristic curves (ROC) curried out. The area under the curve
(AUC), the usual endpoint measure in clinics to test the accuracy of a

test in separating groups, were 0.94, and 0.92 for miRNA-1, and

100}
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Figure (4-9): ROC curve to find miRNA-1 cutoff value that predict

diagnosis of MI

Table (4-9): Characteristics of ROC curve shown in figure (4-9)
Cutoff value >5.28 fold change
AUC (accuracy) 0.940 (94%)

P <0.001
Sensitivity 91.67
Specificity 90.70
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miRNA-145 respectively as shown in figure (4-9) and figure (4-
10), for the separation between non-MI and AMI patients An area of
1 would represent a perfect test contrariwise to an area of 0.5 that
would consist in a worthless test.

As shown in figure (4-9). The cut off value was identified at
miRNA-1 level of >5.28 fold change with a sensitivity of 91.67 % and a
specificity of 90.7%, as shown in table 4-8. Similarly, the cut off value
was identified for miRNA-145 level of <0.7 fold change with a sensitivity
of 95.83 % and a specificity of 89.47%, as shown in table (4-10).
Furthermore, the combination of the two miRNAs managed to deliver
an increased diagnostic power.

These results came in agreement with Guo-Kun 2010 his results
from clinical samples in patients demonstrated that the levels of miRNA-
1, miRNA-133a, miRNA-499, and miRNA-208a in blood from patients
with AMI are elevated compared with those from individual without
AMI. Receiver operating characteristic analysis further indicated that
these four miRNAs might be good biomarkers for AMI diagnosis. These
results are partially supported by others report that miRNA-1 level was
significantly higher in plasma from AMI patients compared with non-
AMI subjects(Ai, Zhang et al. 2010, Wang, Zhu et al. 2010).

Therefore these miRNAs could be used as AMI biomarker
according to above result and others miRNA characterizes, which are
miRNASs remain stable in serum and other body fluids(Reid, Kirschner et
al. 2011). Circulating miRNAs remain stable even after exposure to
severe conditions, such as high temperatures, extreme pH, and prolonged

storage(Chen, Ba et al. 2008). Circulating miRNAs are protected
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themselves from degradation by several méchanisms, including packing
in membrane vesicles (such as microvesicles(Hunter, Ismail et al. 2010),

Exosomes, and apoptotic bodies(Zernecke, Bidzhekov et al. 2009),
bounding to transporter proteins, and inclusion in macromolecular
complexes (such as high density lipoproteins) (Vickers, Palmisano et al.
2011) so can using miRNA-1, miRNA-145 as AMI biomarkers.

Previous studied mention that, the plasma level of miRNA-1 was
reported to markedly increased in in AMI patients, which was only mildly
increased in patients with non-AMI coronary heart disease or patients
with other cardiovascular diseases(Wang, Zhu et al. 2010). In a rat model
of AMI induced by coronary ligation, serum miRNA-1 level was rapidly
increased around 200-fold after AMI with a peak at 6 h, and the miRNA-
1 level returned to basal levels at 3 days after AMI, which displayed a
strong positive correlation with myocardial infarct size. In a clinical
study, the level of circulating miRNA-1 was increased nearly 100-fold in
AMI patients compared with healthy subjects and showed a positive
correlation with serum creatine kinase-MB (CK-MB) level. Interestingly,
the increased plasma miRNA-1 was not associated with age, gender,
blood pressure, diabetes mellitus, or other established biomarkers for
AMI including ¢Tnl and CK-MB. Collectively, these results strongly
support that circulating miRNA-1 might be a novel sensitive biomarker
for AMI diagnosis(Cheng, Tan et al. 2010).

Current study confirm previously conducted study done by Long et
al., since, they demonstrated that the ability of the miRNA-1-score to
differentiate the AMI group from the control group according to ROC
curve with an AUC of 0.92, 0.90, 0.94, 0.92, 0.96 and 0.90. they achieved
a sensitivity of 93%, 93%, 94%, 93%, 93% and 90% and a specificity of

80



Chapter Four Results and Discussion

#

90%, 90%, 93%, 90%, 90% and 90%, respectively, measured at six time
interval for the identification of AMI patients(Long, Wang et al. 2012).

Several studies have investigated the circulating miRNA-145 levels
in patients with coronary artery disease (Fichtlscherer, De Rosa et al.
2010, D'Alessandra, Carena et al. 2013). Fichtlscherer et al. reported that
circulating miRNA-145 was downregulated in patients with stable
coronary artery disease compared with healthy controls(Fichtlscherer, De
Rosa et al. 2010). However,

The miRNA-145 level in total peripheral blood has been found to
be elevated in patients with acute myocardial infarction and correlate with
the infarction size estimated by troponin-T release(Meder, Keller et al.
2011). Since miRNA-145 is enriched in VSMCs, elevated miRNA-145
levels in AMI may reflect the vessel injury that occurs during
atherosclerotic plague rupture. Consistent with this idea, upregulation
ofmiRNA-145 expression is found in atherosclerotic plaques in
hypertensive patients(Santovito, Mandolini et al. 2013). Although
miRNA-145 levels correlated with infarction size, Meder et al. did not
identify miRNA-145 as a good predictor for AMI using receiver operator
characteristic curves(Meder, Keller et al. 2011).

Thus, present study demonstrate a unique signature of circulating
miRNA for sensitive and specific diagnosis of MI that could be
translated into non invasive blood-based biomarker panels for patients.
Considering that miRNA are active molecules, our study also suggests
that miRNA-145, miRNA-1 may be instrumental in MI pathology and

could represent new targets for therapeutic interventions.
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Figure 4-10: ROC curve to find miRNA-145 cutoff value that predict
diagnosis of MI

Table (4-10): Characteristics of ROC curve shown in figure (4-10)

Cutoff value <0.7
AUC (accuracy) 0.927 (92.7%)
P <0.001
Sensitivity 95.83
Specificity 83.72
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Cardiac markers was using in AMI diagnosis as cTNT and cTNI can
be released into the serum during necrosis occurs in the process of
AMI However, the release of miRNA can be affected by any form of
cellular stress, such as anoxia, lactic acidosis, or cellular edema. In AMI,
miRNAs occur earlier than necrosis. Although several methods of RNA
detection have been developed, both simple and complex methods tend to
be expensive and time-consuming (Cheng, Wang et al. 2014). There are
some promising methods, but they require improvement before they can
be used in clinical settings or hospitals.

The characteristic of ( miRNA-1,miR145) and theirs high
sensitivity and Specificity in this study which was  bushed to using
them as alone biomarker or supported for Other biomarker in AMI
diagnosis .

4.11 Assassment AMI prognosis depending on MiRNA-1,

MiRNA-145

In order to find a cutoff value of miRNA-1 that can predict a
recurrence of MI, a receiver operator characteristic (ROC) curve was
carried out, The area under the curve (AUC), were 0.56, and 0.55 for
miRNA-1, and miRNA-145 respectively as shown in figure (4-11) and
figure (4-12). the miRNA-1 have predictive value of recurrence of MI
with sensitivity and specificity (40% , 89.47 %) respectively as shown in
table (4-11). Also, a receiver operator characteristic (ROC) curve was

carried out for mi-145.
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It was shown that miRNA-145 have a predictor of recurrence of
MI with sensitivity and specificity (40% , 94.74 %) respectively, as
shown in table (4-12).

miR-1
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Figure (4-11): ROC curve to find miRNA-1 cutoff value that predict
recurrence of MI

Table (4-11): Characteristics of ROC curve shown in figure 4-8

Cutoff value <6.06
AUC (accuracy) 0.568 (56.8%)
P 0.696
Sensitivity 40.00
Specificity 89.47

A study done by Long et al., demonstrated that the ability of the
miRNA-1-score to differentiate the AMI group from the control group
according to ROC curve a sensitivity of 93%, 93%, 94%, 93%, 93% and
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90% and a specificity of 90%, 90%, 93%, 90%, 90% and 90%,
respectively, measured at six time interval for the identification of AMI
patients. And they concluded that, miRNA-1 might be an especially rich
source of diagnostic, prognostic and predictive information as biomarkers
in AMI patients keeping in mind there was very little studies reporting
the role or miRNA-1 in MI(Long, Wang et al. 2012).

In a study done by Zhang et al., demonstrated that the levels of
miRNA-145 was correlated with infarct size and peak levels of
miRNA- 145 was correlated with peak levels of troponin T. Collectively,
their findings demonstrate a relationship between miRNA-145 levels and
the degree of cardiac damage. And they concluded that Levels of
miRNA - 145 may be used as markers of acute cardiac myocyte death and
in turn be used to estimate infarct size and residual cardiac
function(Zhang, Cheng et al. 2017).

Recent studies by Li and Zhang and others have also shown that
circulating miRNAs can act as novel biomarkers for the diagnosis and
prognosis of many diseases(Li and Zhang 2015, Hyun, Kim et al. 2016).
The low sensitivity of miRNA-1 and miRNA-145 as a prognostic marker
might be explained according to several limitations present in current
study. Firstly, it was a Limited in short time of study which involved a
small sample size, and the distribution of patients in AMI and healthy
groups was uneven. Therefore, the results of this study might be
interpreted with caution, and another study the large based on large
sample size would be required to further illustrate miRNA-1,145 asa

prognosis marker in AML.
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Figure (4-12): ROC curve to find miRNA-145 cutoff value that
predict recurrence of M1

Table (4-12): Characteristics of ROC curve shown in figure (4-12)

Cutoff value >0.54
AUC (accuracy) 0.553 (55.3%)
P 0.789
Sensitivity 40.00
Specificity 94.74

4.12 Association between SIRT3 promoter genotype
frequency distribution and mi-R 1 or 145 level

The association between genotype frequency distribution and
miRNA- 1 and 145 level is shown in table (4-13). There were no

significant association between mi-RNA-1 and all three genotype
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frequency rs11246029, rs12293349, rs56312618 in (P=0.182),
(P=0.462), (P=0.074) respectively.

Table (4-12): Association between genotype frequency distribution
and mi-R 1 and 145 level

MIRNA | rs11246029 "('le(‘)':;‘)“ P | rs12293349 l‘fle(‘)':;‘)“ P | rss63nrz618 “(‘Ig::)“ P
cc 552 (7.29) cc 375(.11) GG 268 (4.14)
MiRNA-1 cT 205(580) | 0182 | cT 5.18(746) | 0462 |  GA 341873) | 0074
T 333 (6.61) T 3.84 (5.45) AA 6.19 (6.90)
cc 0.63 (2.22) cc 137 237) GG 142 2.72)
miRNA-145 CT 149 (328) | 0373 cT 03t@2n o213 | oA 0.76 3.09) | 0.192
T 114 220) T 0.76 (1.99) AA 0.54 (1.29)

IQR: inter-quartile range;*: Kruskal Wallis test

More over there were no significant association between miRNA-
145 and all three genotype frequency rs11246029, rs12293349,
rs56312618 in (P=0.373) (P=0.273) (P=0.192) respectively

The result mean the fold change level of miRNA-lor miR145 not
association with different SIRT3 promoter SNPs( rs12293349,
56312618, rs11246029) ,or each one of polymorphism have same effect
on the fold change level of miRNA-1, miR145. SIRT3 inhibits
myocardial reperfusion injury and reduces oxidative stress-induced
apoptosis (Chen, Fu et al. 2013, Bochaton, Crola-Da-Silva et al.
2015).Other studies reports increase an oxidative stress (HyO,) of
cardiomyocytes with ischemia lead to reduce expression of miRNA-145
then over expression Bnip3 (miR145 target ) . Bnip3is an initiation factor
of mitochondrial apoptosis pathway and its over expression results in
excessive ROS production ,that means reduce miR145,consequently

leads to Bnip3 pathway induce cell death in those cell in pathway called
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the intrinsic pathway of apoptosis (mitochondrial apoptosis pathway )and

abnormal mitochondrial fission (Xu, Cao et al. 2017).

the harmful effects of miRNA-1 on the heart, include the myocardiocytes
ischemia leads to increase oxidative stress which cause miRNA-1
overexpression leads to stimulates Bax and BCI2 which are involves in
alter permeability of the mitochondrial outer membranes to cytochrome ¢
out the mitochondria ,then its activation of caspase and stimulate PARP
gene and apoptosis occurance (Xu, Gao et al. 2015). The miRNA-1
targets are Protein kinase C epsilon type (PKCe) and Heat shock protein
60 (HSP60) expression which are known to play a protective role against
cardiac injury(Pan, Sun et al. 2012).

Unfortunately there is no previous study focus on the association
between such miRNA and SIRT3 gene polymorphism ,however this
result may be explained because small size of statistical sample which
was chosen in this study and miRNA fold change deepened on severity

of each disease stage which is not dependent in this study .
4.13 The correlation between miRNA-1, miRNA-145

In present study There was significant negative correlation between
miRNA-1 and miRNA-145 (r = -0.501, P<0.001); however this
correlation was able to explain only 15.6% of cases since R squared value

was 0.156, as shown in figure (4-13).
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Figure (4-13): Correlation between mi-R 1 and 145

a weak correlation correlation between miRNA-1 and miRNA-145
level may be byond time of blood samples collection of MI patients
not all patients with same stage of disease. There are other studies
reported , that the level miRNA-1  associated with infract size of
patients (Papageorgiou, Tousoulis et al. 2012) .other cause which is
make these miRNA were not highly correlated is miRNAs
secretion in two stage which are initial stage called active secretion
product from apoptosis then miRNA-1 and miRNA-145 secretion in
necrosis of myocardocytes occur called passive secretion these stages
effect on association between miRNA-1 and miRNA145 correlation

degree between them (Fichtlscherer, De Rosa et al. 2010) .
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Conclusion

1. Myocardial infarction seem to be more common in age more than 53
years and the males more susceptible than females.

2. The individuals with SIRT3 gene promoter; rsS6312618
genotype(AAvariant); rs12293349 genotype (CT variant );rs11246029 (
CC variant) were more frequently seem in ~ MI patient than in control
and risk group ,thus it has a role in disease susceptibility .

3. miRNA-1 fold change is significantly higher in MI patients
followed by risk group and then by control group. while miRNA-145 fold
change significantly lower in MI patients followed  arisk group then
control group.

4, ROC analysis of miRNA-1 diagnostic show a sensitivity of 91.67 and a
specificity of 90.7 while ROC miRNA-145  show a sensitivity of 95.83
% and a specificity of 89.47%. , The characteristic of ( miR-1,miR145)
and theirs high sensitivity and Specificity in this study which was
bushed to using them as alone biomarker or supported for Other
biomarker in AMI diagnosis .

5. According to ROC analysis miRNA-1 show a predictive value of
recurrence for MI with sensitivity(40%) and specificity(89.47 %) while
miRNA-145 have a predictor of recurrence of MI with sensitivity(40% )
and specificity (94.74 %).thus miRNA-1 , miRNA-145 can be using in
MI prognosis interpretation but with caution.

6. There was significant negative correlation between mi-R1 and mi-R145 (r

=-0.501, P<0.001).
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Recommendation

1- Another study based on much reasonable sample number to get large data
for determining role of SIRT3gene in a disease susceptible

2- Rt-PCR could be applied to detect the fold change difference in miRNA-
1, miRNA-145 in MI patient.

3- Another study is recommend to find out another prognostic miRNAs for
MI patient.

4- Large scale multicentric study required to further elucidate associated
between (miRNA-lor miRNA-145) fold change and SIRT3 promoter

gene polymorphism.
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Appendix
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Serum Symbol :
Living : rural
Age:
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History diseases :

Clinical feature:

Hematology features :

Lipid profile:

Ml frequency:

Troponine test :

Myoglobin test:
CK test:

ECG result:

Final diagnosis and Not:

Questionnaire
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