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ABSTRACT

Acute myocardial infarction (AMI) is a severe form of coronary heart disease where
Malaysians are getting AMI at younger age compared to well-developed countries.
MicroRNAs (miRNAs) are implicated in AMI pathogenesis, but no study looked at
their profiling or involvement in young population. The present study aims to profile
the miRNAs expressions in healthy controls (aged 18 to 45 years), young AMI (YAMI)
(aged < 45 years), and mature AMI (MAMI) (aged > 46 years) patients with matching
criteria and to determine the effect of the dysregulated miRNAs on the target mMRNAS
as well as the pathways involve in the pathogenesis of AMI. This study was conducted
on twenty Malay males for each group in Kuantan, Pahang. Total RNA was extracted
from plasma and the miRNA expression profiling was carried out on the BGISEQ500
SE50 sequencing platform with BGI sequencing libraries. The sequence data were
analyzed using Gene Ontology (GO) to determine the role of the differentially
expressed genes, followed by the Kyoto Encyclopedia of Genes and Genomes (KEGG)
enrichment analysis for identification of the biological pathways in YAMI against
MAMI. The top six dysregulated miRNAs identified during sequencing were validated
using quantitative reverse-transcription polymerase chain reaction (qQRT-PCR) between
the groups. ANOVA and unpaired T-test were used to analyze the differences of
miRNAs and gene expression between the three groups. This study revealed that
majority AMI patients were smokers, where YAMI patients had higher BMI, SBP, DBP
and TG while MAMI patients had higher FBG than the rest of the group. A total of
1599 miRNAs were differentially expressed in AMI (YAMI and MAMI) patients
compared to healthy controls, where 1288 were upregulated and 311 were
downregulated (FDR < 0.001). However, when YAMI patients were compared to
MAMI patients, 1497 miRNAs were found to be dysregulated, of which 1090 miRNAs
were upregulated, and 407 miRNAs were downregulated (FDR < 0.001). The top ten
upregulated miRNAs were miR-552, miR-4446-3p, miR-432-5p, miR-548j-5p, miR-
219, miR-982, miR-181a-2-3p, miR-654-5p, miR-58 and miR-548k; while the top ten
downregulated were miR-16-5p, miR-1064, miR-431-5p, miR-790 miR-1177, miR-
201, miR-105, miR-518, miR-419 and miR-1103. This study also discovered ten novel
mMiRNAS: miR-4446-3p, miR-982, miR-58, miR-548k, miR-1064, miR-790, miR-1177,
miR-201, miR-419, and miR-1103. The validation of the top six dysregulated miRNAS
between YAMI and MAMI patients revealed the upregulation of miR-423-5p by 2.08-
fold (p = 0.040) and downregulation of miR-431-5p by 33.90-fold (p = 0.034), and miR-
378a-5p by 34.61-fold (p = 0.040). For these 1497 differentially expressed miRNAs,
34,195 target genes were predicted by GO analysis. The functional analysis
demonstrated 11,199 GO terms found to be involved in biological processes, 12,012 in
cellular components, and 10,984 in molecular functions were significantly enriched (p
<0.05). The target genes that were mapped to the signal transduction pathway in KEGG
revealed 346 classes were enriched. In conclusion, miRNAs are differentially expressed
between young and mature AMI, ten of which are novel. Three biological pathways,
ascorbate and aldarate metabolism, collecting duct acid secretion and
glycosaminoglycans biosynthesis — heparin sulfate/heparin were identified but their
involvements in the regulatory mechanisms on gene expression in Young AMI need
further evaluation.
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CHAPTER ONE
INTRODUCTION

1.1 BACKGROUND AND JUSTIFICATION

Acute myocardial infarction (AMI) is the lethal manifestation of coronary heart disease
(CHD), also known as ischaemic heart disease (IHD), with high morbidity and mortality
(Roth etal., 2017; WHO, 2021b). It occurs when there is an injury to a part of the heart
muscle tissue due to lack of oxygenation, which is usually caused by a partial or total
blockage of the coronary blood flow (Thygesen et al., 2018). AMI is the leading cause
of death globally and predicted to remain so for the next 20 years (Roth et al., 2017).
According to the World Health Organization (WHO), in 2019, 17.9 million people died
from cardiovascular disease (CVD), which accounted for 32% of all global deaths, and
of these deaths, 85% were due to AMI and stroke (WHO, 2021b). About three fourth
of deaths occurred in low- and middle-income countries (WHO, 2021b). This makes
CHD, particularly AMI, a serious major public health issue around the world.

In Malaysia, AMI is also the leading cause death. According to the Department
of Statistics Malaysia, IHD accounted for 17% of 109,155 medically certified deaths in
2020 (Department of Statistics Malaysia, 2021). In addition to its mortality burden,
IHD is also the leading cause of morbidity and loss of quality of life and exerts heavy
economic costs with yearly increment in total health expenditure. In 2018, the
Malaysian government spent RM60,339 million on total expenditure on health (TEH),
which is equivalent to 4.17% of gross domestic product (GDP), rising to RM64,306
million, equivalent to 4.26% of GDP in 2019 (National Health Accounts Malaysia,
2021). With the continuous rise of prevalence and incidence of IHD, the Malaysian

Government may need to bear further financial strain on the health care expenditure.

In Asia, particularly Malaysia, people are getting AMI at younger age compared
to well-developed countries with the age range of 55.9 to 59.5 years in 2006 to 2010,
and 55.0 to 59.3 years in 2012 to 2016 versus 63.4 to 68 years in well-developed
countries (Lee et al., 2021; Lu & Nordin, 2013). According to the Malaysian National



Cardiovascular Disease-Percutaneous Coronary Intervention (NCVD-PCI) database,
between 2007 to 2009, the prevalence of young AMI under the age of 45 years old is
about 16% (Zuhdi et al., 2013) while between 2017 and 2018, the prevalence of AMI
under the age of 50 is approximately 23% (Wan Ahmad, 2021). The consequences of
AMI can be devastating particularly at “young” age due to the huge impact on patient’s
psychology, ability to work and socioeconomic burden. Besides, as this young patient
may be the main income provider of the family, the repercussion following AMI can

also affect multiple dependents.

One of the major factors for developing AMI in this young population is genetic
predisposition. A family history of IHD is considered as one of the most relevant risk
factors for developing early onset of AMI as positive family history was reported to be
higher in young AMI than older AMI patients (Ambroziak et al., 2020; Ge et al., 2017;
Lei & Bin, 2019; Venkatason et al., 2019). Therefore, a deeper molecular
understanding on the pathological processes of AMI is crucial for both basic
cardiovascular and clinical research. Since the study of IHD in young population is
important in the era of preventive cardiology, this knowledge is also vital in developing

the framework in primary and secondary prevention in the future.

MicroRNAs (miRNAs) are short, single stranded, noncoding RNAs that
regulate gene expression post-transcriptionally by binding to the untranslated region
(UTR) of the target messenger RNA (mMRNA) (Wang et al., 2015). In AMI, miRNAs
might affect the atherogenesis, a precursor for AMI by affecting the genes that regulate
endothelial stability and atherosclerotic plaque destabilization. miRNAs might also
affect the genes involved in the pathogenic pathway of AMI including apoptosis,
necrosis, and autophagy. However, information on these theoretical roles of miRNA in
young AMI is scarce. Therefore, it is important to dissect further miRNAs involvement

in the pathogenesis of AMI in this young population.

Specific miRNAs are postulated to be involved in various stages of AMI
pathogenesis in cell culture and animal studies (Ge et al., 2019; Guo et al., 2020; Han,
Chen, Su, Zheng, Chen, Sun, Wu, Jiang, Xu, & Yang, 2019; Hao et al., 2020; Huang et
al., 2020; Huangfu et al., 2020; Li et al., 2019b; Shi et al., 2020; Shin, Choi, Moon, Lee,



Park, Lee, Seo, Han, Lim, & Lee, 2019; Wang et al., 2020; Zhang et al., 2019a, 2019b).
However, their complex regulatory mechanisms have not been completely understood
(Schulte et al., 2017b). Though there are few studies in human looking at the
involvement of these miRNAs in AMI but none of them studied on young AMI patients.
There is a possibility that different miRNAs may be involved in the pathogenesis of
AMI in this young population. Understanding the pathogenesis of AMI in this young
group is very important in providing accurate diagnosis and prompt management of the
disease. The discovery of miRNAs in the AMI pathogenesis in this young population
could lead to their potential usage as novel biomarkers for detection of early cardiac
injury, providing prognosis and predicting development of complications following
AMI as well as for therapeutic intervention. Therefore, this warrants further studies in

this area.

1.2 RESEARCH QUESTION

How miRNAs involve in the pathogenesis of AMI in young AMI group in our
population and how do they affect the expression and translation of genes related to the

pathophysiology of AMI in this young population?

1.3 GENERAL HYPOTHESIS

There is an involvement of miRNAs in AMI event of young adults in our population.

1.4 SPECIFIC HYPOTHESES

i. There are specific miRNA profiles that are present in AMI patients in our

population.

ii. There are different pathways that involve in the pathogenesis of AMI in Young

AMI group based on the significantly dysregulated miRNAs.
iii. The miRNAs are differently dysregulated in Young AMI and Mature AMI.

iv. The mRNA expressions of the dysregulated miRNAs in AMI event are
differently dysregulated between Young AMI and Mature AMI.



1.5 GENERAL OBJECTIVE

The general objective of this study was to investigate the involvement of miRNAs in

AMI of young adults in Kuantan, Pahang.

1.6 SPECIFIC OBJECTIVES

v. To profile miRNAs in Young AMI and Mature AMI patients.

vi. To identify the pathway involves in pathogenesis of AMI in Young AMI group
based on the dysregulated miRNAs.

vii.To compare the miRNAs that are dysregulated between Young AMI, Mature
AMI, and Control group.

viii.To measure the mRNA expressions of dysregulated miRNAs in AMI event
between Young AMI and Mature AMI.



