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ABSTRACT

Atherosclerosis is the elemental precondition for any cardiovascular disease and the predomi-
nant cause of ischemic heart disease that often leads to myocardial infarction. The systemic 
risk factors play an important role in the starting and progression of atherosclerosis. The mul-
tifactorial origin causes the complexity of disease. Beside the traditional risk factors, genetic 
predisposition is a strong risk factor. Many studies have intensively researched cardioprotec-
tive drugs, which can relieve myocardial ischemia and reperfusion injury, thereby reducing 
infarct size. A better understanding of abnormal epigenetic pathways in the myocardial pa-
thology, may result in new treatment options. The individualized therapy based on genome 
sequencing is important for an effective future medical treatment. Studies based on multiomics 
help to better understand the pathophysiological mechanism of several diseases at a molecu-
lar level. Epigenomic, transcriptomic, proteomic and metabolomic researches might be essen-
tial in detecting the pathological phenotype of myocardial ischemia and ischemic heart failure.
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From AThErosCLErosIs To myoCArDIAL INFArCTIoN 

– Who ArE ThE vULNErAbLE PATIENTs?

Coronary artery diseases (CAD), with its most severe manifestation being the 
acute coronary syndromes, comprising in acute myocardial infarction and un-
stable angina, are still the main causes of mortality across the globe.1,2 

Atherosclerosis is the elemental precondition for any cardiovascular and the 
predominant cause of ischemic heart disease that often leads to myocardial in-
farction.3 Atherosclerosis is a chronic, systemic, inflammatory disorder that con-
sists in early and gradual accumulation of lipids and fibrous elements affecting 
the large and medium-size arteries.4–6 This atheromatous or fibro-fatty plaques 
are asymmetric focal thickenings of the intima, which can remain clinically as-
ymptomatic, until the surface undergoes erosion or rupture.7–9 Plaque rupture is 
a main cause of formation of thrombus, obstructing the artery due to cessation 
of blood flow with subsequent acute ischemia in the affected area.10 
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mULTIFACTorIAL orIgIN AND 

hErITAbILITy oF AThErosCLErosIs

The systemic risk factors play an important role in the start-
ing and progression of atherosclerosis. The multifactorial or-
igin causes the complexity of disease. Beside the traditional 
risk factors such as high plasma lipid concentrations, smok-
ing, alcohol intake, high blood pressure, presence of diabetes 
and chronic inflammatory disorders, genetic predisposition 
is a strong risk factor with an estimated familial inheritance 
between 30 to 60%, the genetic effects decreasing gradually 
at older ages.11–13 These observations drew the attention of 
the researchers to determine those genes that are involved in 
heritability of MI and cardiovascular risk factors. 

More recently, the completion of the Human Genome 
Project and the International Haplotype Map Project has 
made it possible to perform genome-scale screens for 
common DNA sequence variants, that are associated with 
phenotypes of interest. This technique has expanded our 
knowledge of the genetic basis for coronary disease.14,15

ThE mULTIomICs APProACh For ThE 

vULNErAbLE CArDIovAsCULAr PATIENT

The nomenclature of the disciplines involved in omics re-
search is not absolutely clear, in fact, it is rather chaotic. 
The main reason being that there is no official standpoint 
on the accurate use of the concepts.

Many studies intensively have researched cardioprotec-
tive drugs, which can relieve myocardial ischemia and re-
perfusion injury thereby reducing infarct size. As in fight 
against cancer there are drugs that focus mainly on the 
chromatin dependent signaling effectors, a better under-
standing of the abnormal epigenetic pathways in the myo-
cardial pathology, may result new treatment options.16,17 
The individualized therapy based on genome sequencing is 
important for an effective future medical treatment.18

The multiomics studies help to understand diseases 
and disease stages at a molecular level. These analytic 
technologies provide new insights into the pathogenesis 
of common diseases, detection of biomarkers for disease 
onset and progression.19 Epigenomic, transcriptomic, pro-
teomic and metabolomic researches might be essential in 
detection the pathological phenotype of myocardial isch-
emia and ischemic heart failure.20 

Genomics and transcriptomics

Genomics comprises studying the genome for understand-
ing the content of DNA/RNA, their structures, functions 

and biological effect. Transcriptomics are similar to ge-
nomics studies, is the study of how the genes are regu-
lated and expressed in different biological settings. Tran-
scriptomics is an inventory of RNAs, examining different 
RNAs, produced by the genome under specific conditions 
or treatments.21 Transcriptomic studies are performed 
through the use of gene expression micro arrays or RNA se-
quencing (RNA seq) to quantify the abundance of patterns 
of expression of RNA transcripts across the genome.21

Pathogenesis of myocardial ischemia and heart failure 
triggers microarrays, stress activated pathways in the nu-
cleus, causing abnormalities in cardiac gene expression. 
Previous studies were trying to determine the activation 
of specific DNA-binding transcription factors. Chromatin-
dependent signal transduction in cardiac gene control of 
NFAT, MEF2, NF-κB, GATA4, and C-MYC is significant 
for cardiac remodeling. These abnormalities in the control 
of gene expression activated by molecular mechanism has 
remained poorly understood.17 A number of genome-wide 
linkage studies have been performed and have identified 
possible chromosomal loci related to myocardial infarc-
tion and coronary disease. The utility of many studies is 
questionable. Wang et al. have studied the mutation in a 
subcategory of myocyte enhancer family of transcription 
factors, the human myocyte enhancer factor 2A (MEF2A) 
gene.22 The MEF2A has been identified as an autosomal 
dominant genetic form of CAD.22 

A few years later, a large follow up study identified the 
genes in control subjects without CAD, they did not find 
any associations between MEF2A and CAD.23 The newest 
study about this gene mutation presents the functional ef-
fects of the mutation on the target gene, which is signifi-
cant and dominant, and therefore may override other risk 
factors and induce pathological outcomes in subjects with 
the mutation present.24 Studies have shown that leuko-
cyte- peripheral blood-based gene expression is changed 
with stroke, hypertension, and obstructive CAD in non-di-
abetic patients.25 Atherosclerosis has a clear inflammatory 
component, as a consequence the blood transcriptomics 
biomarkers of disease are identifiable.21

Another source of transcriptome in the plasma, which 
can be examined is the microRNA (miRNA). This small 
type of RNA is an endogenous non-coding RNA, tran-
scriptional and posttranscriptional inhibitors of gene ex-
pression, with a negative regulatory function of mRNA 
translation which targets the messenger RNAs (mRNAs). 
They have also been linked to cardiovascular disease, and 
are implicated in the pathogenesis of cardiovascular dis-
eases and have become a target for therapeutic interven-
tion.26



Journal of Interdisciplinary Medicine 2019; Epub ahead of print

There is an increasing interest in early changes in mi-
croRNA expression as a protective pathway for inducing 
ischemic preconditioning of the heart, triggered by isch-
emia, with related cardioprotective mechanisms. Re-
searchers identified potential cardio protective miR such 
as miR125b*, miR-139-3p, miR-320, miR-532-3p, and 
miR-188.27 Transcriptomic studies have recognized sev-
eral clusters of miRNA and individual miRs that control 
cardiomyocyte proliferation and may stimulate effective 
regeneration processes in the ischemic adult myocar-
dium.28

Epigenomics

Epigenomics is the study of genes transcription that is 
regulated by a complex of epigenetic factors. Studies re-
port that the gene expression modulated by epigenetic 
mechanism is realized by ATP-dependent chromatin re-
modeling, ncRNA-based mechanisms, covalent histone 
modifications, and DNA methylation.29,30 The interaction 
between individual genetic properties and cardiovascu-
lar risk factors and co-morbidities increase with ageing, 
which influences expression changes and phenotype.31 

The complexity of molecular signaling pathways is given 
by many variations of gene expression profile sand pheno-
types, which can directly contribute to disease progres-
sion.20 Many studies have investigated the genes transcrip-
tions induced by adverse cardiac remodeling. Gidlof et 
al. has studied the myocardial ischemia induced genome-
wide epigenetic modifications in cardiomyocytes.32 They 
performed ChIP-Seq on mice (a combination of chroma-
tin immunoprecipitation followed by sequencing) in the 
preconditioned cardiac tissue using ischemic precondi-
tioning methods and the microarray transcriptome. They 
found a strong association between IPC and autophagy 
induced proteolysis, which is responsible for the degrada-
tion of aggregated and damaged organelles so autophagy 
has an important role in the cellular stress response. Like-
wise they found the Mtor gene, which is a serine/theonine 
kinase, inhibits autophagy.32 

Proteomics and metabolomics

To better picture the process of how the gene expression 
profile influences the cardiac phenotype, it is necessary to 
investigate the global cardiac protein expression and their 
effect on global cell metabolism.20 The fundamental differ-
ence between the genome and transcriptome/proteome 
is, while the genome of each cell is the same, the transcrip-
tome and proteome is cell type dependent.

Proteomics is the studies of the complete set of proteins 
under different circumstances, including post-translation-
al modifications. The study of the proteome includes the 
characterization of the function of genes influenced by 
proteins participating in molecular signaling pathways. 
This cascade is a series of enzymatic reactions, which are 
initiated by a stimulus, that is transduced to the cell inte-
rior, resulting in a response to the initial stimulus. Simi-
lar to how gene expression can change under pathological 
conditions, in this case too, at each step of the signaling 
cascade, many protein-protein physical interactions are in-
volved in regulating cellular actions.33

Metabolomics represents the identification and analysis 
of various metabolite products. A metabolite is the interme-
diate end-product of a metabolic pathway and enzymatic 
reaction. Besides that, metabolites participate in the regu-
lation of cellular microenvironments, in which chemical 
signals can promote changes in gene signal transduction, 
thereby can be used to investigate the level of variations.33

roLE oF PhArmACoLogICAL TrEATmENTs 

IN ThE mULTIomIC APProACh

There is no sufficient human data so far on the effect of car-
diovascular risk factors and their pharmacological therapy 
on the pattern of change in gene expression of the normal 
or ischemic heart.

Ischemic heart disease and their traditional risks fac-
tors induce fundamental alternations in cellular signaling 
pathways, moreover some currently applied drugs to treat 
these comorbidities may modify the cardiac gene expres-
sion pattern.

Excessive use of long term prophylactic nitrate therapy 
inducing nitrate tolerance, which leads to the loss of clini-
cal efficacy, also modifies gene expression profile and ag-
gravates ischemia/reperfusion injury, thus leading to loss 
of the cardioprotective effect of preconditioning.31,34

Statins, a drug frequently used for primary and sec-
ondary prevention of vascular disease, show a potential 
cardioprotective effect. Some statins, depending on the 
duration of the treatment, present the capacity of modify-
ing the cardiac genetic profile due to interference with the 
mechanisms of cardiac adaptation to ischemia/reperfu-
sion stress.31,35 These routinely used cardiovascular medi-
cations may have unforeseen cardiotoxic effects, especial-
ly on the cardioprotective signaling mechanisms and on 
the ischemic heart. Multiple clinical studies are examining 
the mechanisms and long term effects of statins, however 
its effect on cardiac gene expression has not yet been in-
vestigated.20
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CoNCLUsIoN

Coronary artery disease is a multifactorial disease and pre-
vious studies showed multiple specific genes and their vari-
ants directly associated with the presence and prognosis 
of CAD. New modalities such as ‘omics’ approaches have 
transformed the fundaments of clinical diagnostics ap-
proaches, risk assessment, the prognosis and future treat-
ment modalities for the vulnerable cardiovascular patient. 
With genome sequencing on the rise, the use of genomic 
information in clinical medicine will increase. The integra-
tion of genetic methods in the clinical practice will help 
the everyday decision making, and have a large effect on 
the development of individualized medicine. The develop-
ment and description of the cardiac genetic profile, may 
help to recognize key cardio-protective modalities, which 
can represent a future target of gene therapy. Omics tech-
nologies have the capacity to reform our basic understand-
ing of cardiovascular diseases at a molecular level, and to 
open the way to novel research new therapeutic options 
and diagnostic modalities of cardiovascular disorders in 
the post-genomic era.

CoNFLICT oF INTErEsT

None declared.

ACkNoWLEDgEmENT

This research was supported via the research grant 
no. 103544/2016 – PLaqueIMAGE, contract number 
26/01.09.2016, financed by the Romanian Ministry of Eu-
ropean Funds, the Romanian Government and the Euro-
pean Union. 

rEFErENCEs

1. Reed GW, Rossi JE, Cannon CP. Acute myocardial infarction. The Lancet. 
2017;389:197-210. 

2. Hartley A, Marshall DC, Salciccioli JD, Sikkel MB, Maruthappu M, Shalhoub 
J. Trends in Mortality from Ischemic Heart Disease and Cerebrovascular 
Disease in Europe: 1980 to 2009. Circulation. 2016;133:1916-1926.

3. Lusis AJ. Atherosclerosis. Nature. 2000;407:233-241. 
4. Ross R. Atherosclerosis – An Inflammatory Disease. N Engl J Med. 

1999;340:115-126. 
5. Libby P, Theroux P. Pathophysiology of Coronary Artery Disease. 

Circulation. 2005;111:3481-3488. 
6. Libby P, Ridker PM, Maseri A. Inflammation and Atherosclerosis. 

Circulation. 2002;105:1135-1143. 
7. Conti P, Shaik-Dasthagirisaeb Y. Atherosclerosis: a chronic inflammatory 

disease mediated by mast cells. Cent Eur J Immunol. 2015;3:380-386.
8. Hansson GK. Inflammation, Atherosclerosis, and Coronary Artery Disease. 

N Engl J Med. 2005;352:1685-1695. 

9. Kuller L, Borthani N, Furberg C, et al. Prevalence of Subclinical Atherosclerosis 
and Cardiovascular Disease and Association with Risk Factors in the 
Cardiovascular Health Study. Am J Epidemiol. 1994;139:1164-1179. 

10. Gisterå A, Hansson GK. The immunology of atherosclerosis. Nat Rev 
Nephrol. 2017;13:368-380. 

11. Marenberg ME, Risch N, Berkman LF, Floderus B, de Faire U. Genetic 
Susceptibility to Death from Coronary Heart Disease in a Study of Twins. 
N Engl J Med. 1994;330:1041-1046. 

12. Zdravkovic S, Wienke A, Pedersen NL, Marenberg ME, Yashin AI, De Faire 
U. Heritability of death from coronary heart disease: a 36-year follow-up of 
20 966 Swedish twins. J Intern Med. 2002;252:247-254.

13. Musunuru K, Kathiresan S. Genetics of Coronary Artery Disease. Annu Rev 
Genomics Hum Genet. 2010;11:91-108.

14. The International HapMap Consortium. A second generation human 
haplotype map of over 3.1 million SNPs. Nature. 2007;449:851-861. 

15. Green ED, Watson JD, Collins FS. Human Genome Project: Twenty-five 
years of big biology. Nature. 2015;526:29-31. 

16. Helin K, Dhanak D. Chromatin proteins and modifications as drug targets. 
Nature. 2013;502:480-488. 

17. Haldar SM, McKinsey TA. BET-ting on chromatin-based therapeutics for 
heart failure. J Mol Cell Cardiol. 2014;74:98-102.

18. Ashley EA, Butte AJ, Wheeler MT, et al. Clinical assessment incorporating 
a personal genome. The Lancet. 2010;375:1525-1535. 

19. Zeller T, Blankenberg S. Blood-Based Gene Expression Tests: Promises 
and Limitations. Circ Cardiovasc Genet. 2013;6:139-140. 

20. Perrino C, Barabási A-L, Condorelli G, et al. Epigenomic and transcriptomic 
approaches in the post-genomic era: path to novel targets for diagnosis 
and therapy of the ischaemic heart? Position Paper of the European 
Society of Cardiology Working Group on Cellular Biology of the Heart. 
Cardiovasc Res. 2017;113:725-736. 

21. Pedrotty DM, Morley MP, Cappola TP. Transcriptomic Biomarkers of 
Cardiovascular Disease. Prog Cardiovasc Dis. 2012;55:64-69.

22. Wang L. Mutation of MEF2A in an Inherited Disorder with Features of 
Coronary Artery Disease. Science. 2003;302:1578-1581.

23. Weng L, Kavaslar N, Ustaszewska A, et al. Lack of MEF2A mutations in 
coronary artery disease. J Clin Invest. 2005;115:1016-1020.

24. Xu D-L, Tian H-L, Cai W-L, et al. Novel 6-bp deletion in MEF2A linked to 
premature coronary artery disease in a large Chinese family. Mol Med 
Rep. 2016;14:649-654. 

25. Rosenberg S. Multicenter Validation of the Diagnostic Accuracy of a 
Blood-Based Gene Expression Test for Assessing Obstructive Coronary 
Artery Disease in Nondiabetic Patients. Ann Intern Med. 2010;153:425. 

26. Small EM, Frost RJA, Olson EN. MicroRNAs Add a New Dimension to 
Cardiovascular Disease. Circulation. 2010;121:1022-1032.

27. Varga ZV, Zvara Á, Faragó N, et al. MicroRNAs associated with 
ischemia-reperfusion injury and cardioprotection by ischemic pre- 
and postconditioning: protectomiRs. Am J Physiol-Heart Circ Physiol. 
2014;307:H216-H227.

28. Eulalio A, Mano M, Ferro MD, et al. Functional screening identifies miRNAs 
inducing cardiac regeneration. Nature. 2012;492:376-381.

29. De Windt LJ, Thum T. State-of-the-art on non-coding RNA bioinformatics, 
diagnostics and therapeutics in cardiovascular diseases. J Mol Cell 
Cardiol. 2015;89:1-2. 

30. Greco CM, Condorelli G. Epigenetic modifications and noncoding RNAs in 
cardiac hypertrophy and failure. Nat Rev Cardiol. 2015;12:488-497.

31. Ferdinandy P, Hausenloy DJ, Heusch G, Baxter GF, Schulz R. Interaction of 
risk factors, comorbidities, and comedications with ischemia/reperfusion 
injury and cardioprotection by preconditioning, postconditioning, and 
remote conditioning. Pharmacol Rev. 2014;66:1142-1174.

32. Gidlöf O, Johnstone AL, Bader K, et al. Ischemic Preconditioning Confers 
Epigenetic Repression of Mtor and Induction of Autophagy Through G9a-
Dependent H3K9 Dimethylation. J Am Heart Assoc. 2016;5. 

33. Fernandes M, Patel A, Husi H. C/VDdb: A multi-omics expression profiling 
database for a knowledge-driven approach in cardiovascular disease 
(CVD). PLoS One. 2018;13:e0207371. 

34. Csont T, Murlasits Z, Ménesi D, et al. Tissue-specific Gene Expression 
in Rat Hearts and Aortas in a Model of Vascular Nitrate Tolerance. J 
Cardiovasc Pharmacol. 2015;65:485-493. 

35. Kato N, Liang Y-Q, Ochiai Y, Jesmin S. Systemic evaluation of gene 
expression changes in major target organs induced by atorvastatin. Eur J 
Pharmacol. 2008;584:376-389.


