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Abstract 
Cardiovascular diseases are among the leading 
causes of morbidity and mortality. Despite scientific 
and technical progress in r isk prediction, 
diagnostics, prognostication and therapy of 
cardiovascular pathologies, new biomarkers and 
therapeutic targets remain the subject of intense 
research to reduce the burden of these diseases. 

High throughput analyses, termed "omics", are a 
promising avenue of research. These recently 
developed technical fields have revolutionized 
biological and medical research in a very short time. 
By their interdisciplinary nature, these new methods 
have already provided a wide vision of cell and 
tissue pathways and functions. Here, we review how 
these methods can help to discover new biomarkers 
and therapeutic targets in cardiovascular diseases. 

Introduction 
Biomarkers are molecules implicated in the 
mechanisms of a pathology, or that can provide 
information about the severity of a disease or 
sensitivity to specific therapy. In cardiovascular 
diseases, many events remain unpredictable and to 
avoid them, we need more accurate, stable, easily 
detectable, specific and sensitive biomarkers to 
improve the diagnosis and prognosis of these 
pathologies (Napoli, Zullo, Picascia, Infante and 
Mancini, 2013). 

Evidently, biological functions must be studied at 
system levels. The most important tools in system 

biology studies are collectively termed "Omics". 
Combining "Omics" data with other markers, like 
imaging, statistical analyses, epidemiology and 
clinical biochemistry, will help to achieve a better 
understanding of pathophysiological issues 
underlying cardiovascular diseases (Ray, Reddy, 
Choudhary, Raghu and Srivastava, 2011). The shift 
towards the wider use of omics tools in 
cardiovascular diseases has rapidly gained ground 
in recent years, due to the application of these 
techniques to improve our understanding of the 
molecular mechanisms involved in multifactorial 
diseases. For example, in 2005, approximately 500 
articles were published relating to omics techniques 
in of cardiovascular-related fields, compared to 
6500 published articles in 2015 (Google scholar, 
search for key words "Omics" and "cardiovascular") 
(Noorabad-Ghahroodi, Abdi, Zand and Najafi, n.d.). 
In this review, we focus on these high-throughput 
analytical techniques termed "Omics" and provide 
an overview of their utility in discovering new 
molecules as targets or markers in cardiovascular 
disease. 

Genomics as a starting point 
"Omics" are technologies that make it possible to 
measure, compare or identify hundreds of 
molecules within a single sample, in a very short 
time, with a big field of view. These interdisciplinary 
fields of study, which call on knowledge in 
biochemistry, biophysics, mathematics, informatics 
and biology, have helped to elucidate some 
pathophysiological issues in diseases over the past 
decade (Figure 1 ) (O 'Donnell and Nabel, 2011). 

Genomics has had a significant impact on current 
knowledge of diseases and biological mechanisms. 
Inherited diseases or many childhood disorders and 
rare diseases have become known thanks to 
genomics studies. According to a report by O 
'Donnell et al, the main goals of genomics in 
cardiovascular diseases are to elucidate biological 
mechanisms and using this knowledge, to 
personalize medicine and shed light on rare 
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diseases and inherited heart diseases (O 'Donnell 
and Nabel, 2011). The discovery of mutations 
affecting the low-density lipoprotein (LDL) receptor, 
leading to new LDL cholesterol-lowering therapies 
was one such remarkable application (Goldstein 
and Brown, 2009). 

Currently, several loci are known to be associated 
with myocardial infarction and coronary artery 
disease (O 'Donnell and Nabel, 2011; Schunkert et 
al., 2011). For example, ABO and ADAMTS7 are 
reportedly associated with coronary atherosclerosis 
(M. P. Reilly et al., 2011), CNNM2 with high blood 
pressure and the APOA5 gene cluster with elevated 
levels of triglycerides and cholesterol (Peden et al., 
2011). Gene discoveries have reinforced existing 
evidence regarding interactions in a number of 
commonly used cardiovascular drugs; this field of 
research is sometimes termed pharmacogenomics. 
For example, variants in CYP2C9 and VKORC1 are 
implicated in 40% of response variation to warfarin 
(Takeuchi et al., 2009). Variations in the cytochrome 
P-450 enzyme, CYP2C19 is a major factor 
responsible for non-responsiveness to clopidogrel 
(Trenk et al., 2008), while variation in the β1-
adrenergic-receptor gene, ADRB1, alters response 

to beta-blockade in heart failure and a variant in 
SLC01B1 is associated with statin-related myopathy 
(Group, 2008; Liu et al., 2012). 

In 2015, CardioGenBase proposed a database of 
major cardiovascular disease-associated research 
articles (V et al., 2015; http://www.cardiogen-
base.com/index.php). They collected all gene/
proteins related to Major CardioVascular Diseases 
(MCVDs) published in the literature (Figure 2). The 
number of genes proposed for each pathology 
confirmed that there are huge amounts of data on 
genomics of cardiovascular diseases and today, it is 
necessary to analyze them systematically. For 
example, one of the important steps to successful 
translation of genomics innovation from the 
laboratory to the clinic relates to the association of a 
genotype to a phenotype in the population. This can 
be achieved by a combination of genomics and 
proteomics, or both, with a clinical phenotype. 

It is important to consider that a single gene can 
produce different proteins, which in turn can be 
sub jec ted to d i f f e ren t pos t - t rans la t i ona l 
modifications. Therefore genes can provide 
concrete information about organisms (Tuñón et al., 
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Figure 1. Genomics, proteomics and lipidomics are promising methods in system biology in cardiovascular research. As an example, FXIII (factor 13 of 
coagulation), can be analyzed at gene level with genomics databases and shows how many genes correspond to a protein network known as cardiovas-
cular related genes. In addition, it can be studied at the level of proteins, by proteomics analyses, showing which proteins FXIII interacts with, when it is on 
the lipid rafts of platelet. Furthermore, lipidomics analysis can inform about lipid structure and composition (here, only different phosphatidylcholines) of 
plasma membrane rafts, where FXIII is localized in case of activation, as compared to non-raft parts.
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2010). Genomics with whole genome sequencing 
prepares a basis for other omics branches, such as 
proteomics and lipidomics (Arab et al., 2006; Beck, 
Overgaard and Melholt Rasmussen, 2015; 
McGregor and Dunn, 2003). In this order, "gene 
ontology" and "gene annotation" are the principal 
tools for proteomics data analyses. "Gene 
annotation" can tell us about the localization and 
activity of any gene and its product; in other words, 
it can provide a link between a sequenced gene and 
its biological function (Aken et al., 2016).  

Proteomics: the current center of attention 
Proteomics is based on mass spectrometry (MS), 
which measures the molecular mass of charged 
molecules such as proteins or peptides. In this 
method, proteins or protein fragments are separated 
according to their physico-chemical properties and 
their charges. The ratio of mass-to-charge ratios (m/
z) is compared to current databases to help protein 
identification and analyses (Aebersold and Mann, 
2003). Proteomics is a constantly and rapidly 
evolving science and util izes different MS 
procedures, but reviewing proteomic techniques is 
beyond the aim of this review and may be found in 
references (L. Anderson, 2005; Arab et al., 2006; 

Duan et al., 2009; Martín-Ventura et al., 2007; 
Vivanco, López-Bescós, Tuñón and Egido, 2003). 

The main goal of proteomics in the search for new 
biomarkers of cardiovascular disease is to provide a 
precise and individual risk profile, available in 
routine practice and to provide a specific and 
sensitive proteomic approach to detect early signs 
of pathology. To achieve these goals, we need to 
dispose of comprehensive protein datasets in 
physiological and pathological conditions (Napoli et 
al., 2013) and to combine proteomics results with 
clinical phenotypes, metabolite changes and genetic 
haplotype information (Balestrieri, Giovane, Mancini 
and Napoli, 2008). This combination could also 
cover genotype-phenotype association (Ozdemir et 
al., 2009), which is an important aspect in the 
validation of a new biomarker and for phenotype 
prediction in population studies (Ritchie, Holzinger, 
Li, Pendergrass and Kim, 2015). The correlation 
between genotype and phenotype can prepare a 
guideline to develop treatment based on genetic 
testing (Goodsaid and Mattes, 2013). 

Most proteomics studies in cardiovascular disease 
have been performed on plasma from patients. 
Despite the advantage of the availability of sample 
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Figure 2. Number of genes proposed to have an association with different MCVDs in literatures based on CardioGeneBase data base.
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resources, plasma proteomics is controversial, 
because of its complexity and dynamics. On the 
other hand, it is difficult to detect low-abundance 
prote ins in p lasma because of the h igh 
concentrations of other proteins (the 20 most 
abundant proteins represent 99.9% of total plasma 
protein, like albumin) (Anderson and Anderson, 
2002; de la Cuesta et al., 2009). Regardless of 
these difficulties in plasma proteomics, new 
candidate biomarkers based on proteomics study on 
low-abundance plasma proteins have been 
described. For example, in acute decompensated 
heart failure (ADHF), bioinformatics analysis of the 
expression of 103 differential proteins resulted in the 
identification of quiescin Q6 sulfhydryl oxidase 1 
(QSOX-1) as the most promising candidate protein 
to identify patients with ADHF (Mebazaa et al., 
2012). The main activity of QSOX-1 has previously 
been described as protein folding, production of 
extracellular matrix, redox regulation and protection 
from apoptosis, angiogenesis and cell differentiation 
(Portes et al., 2008). Mebazaa et al showed in a 
series of animal model and human studies, that the 
expression of QSOX1, specifically in the left 
ventricle and left atrium, corresponds to the degree 
of pressure overload and hypertrophy and 
subsequent development of ADHF (Mebazaa et al., 
2012). Upregulation of myocardial QSOX1 
expression was seen only in ADHF and not in 
patients with acute dyspnea of non-cardiac origin or 
in patients with stable compensated heart failure. 
The diagnostic performance of QSOX1 alone was 
as same as Brain Natriuretic Protein (BNP) and N-
terminal proBNP (NT-proBNP) in the entire study 
population and showed a significant additional 
diagnostic value when combined with BNP 
(Doehner, 2012; Mebazaa et al., 2012). 

One of the most important adverse cardiovascular 
events is thrombosis. Research on new biomarkers 
and potential targets for thrombotic events, to 
enable risk stratification could focus on plasma, 
circulating cells or thrombus tissue. Information from 
these studies have the potential to propose a 
prothrombic state and represent a link between 
genotype, environment and disease phenotype 
(Howes, Keen, Findlay and Carter, 2008). Ramaiola 
et al studied the proteomics profile of thrombus in 
in-stent thrombosis (IST) and showed a higher 
content of structure-related proteins such as 
gelsolin, actin cytoplasmic 1, tropomyosin and 
myosin, without changes in fibrin(ogen)-related 
products. They observed that proteins with 
enzymatic activity (peroxiredoxin-2, flavin reductase, 
carbonic anhydrase 1 and alpha enolase) were 

reduced (Ramaiola et al., 2014). Alonso-Orgaz and 
coworkers described 108 proteins in human 
coronary thrombus in patients with ST-segment 
elevation acute coronary syndrome (STE- ACS). 
They showed a positive correlation between 5 
proteins (fermitin homolog 3, thrombospondin-1, 
myosin-9, beta parvin and ras-related protein 
Rap-1b) and CD41, pointing out the importance of 
focal adhesion pathway activation in platelets 
participating in thrombus formation (Alonso-Orgaz et 
al., 2014). Proteomics analysis has also shown that 
in patients with ST-elevation myocardial infarction, 
culprit site-derived plasma but not systemic plasma 
enhanced proteolytic activity towards pigment 
epithelium-derived factor (PDEF). This proteomics 
study of coronary thrombus aspirates indicated that 
PEDF processing is associated with coronary 
plaque rupture (Distelmaier et al., 2012). 

Other sources of information for proteomics are 
platelets and monocytes involved in thrombosis and 
atherosclerosis (Tuñón et al., 2010). A study in the 
proteome of circulating monocytes in patients with 
non-STE-ACS (Barderas et al., 2007), showed 17 
proteins whose expression was altered, as 
compared with expression in subjects with stable 
coronary artery disease. Among the proteins 
showing abnormal express ion , leve ls o f 
antiatherogenic proteins, such as paraoxonase I 
and HSP70 and anti-inflammatory proteins, such as 
protein disulfide isomerase were decreased. In 
contrast, there was overexpression of mature 
cathepsin D, with pro-atherogenic effects and 
enolase I, involved in macrophage transformation 
into foam cells. Other studies in the same context 
confirm that, in NSTE-ACS patients, atorvastatin 80 
mg/day normalizes expression of HSP70, 
paraoxonase I, annexin I-which has anti-
inflammatory properties-and annexin II-involved in 
spontaneous fibrinolysis (Barderas et al., 2009). It 
has previously been shown that cathepsin D and 
HSP70 are biomarkers of atherosclerotic lesions 
(Vivanco et al., 2007). 

Other cell sources for thrombosis proteomics 
studies are platelets. Platelets do not have any 
nucleus and therefore, they are controlled by their 
proteins (García and Senis, 2011). They are 
upstream of the thrombus formation cascade and 
can be found in atheromatous plaque (Li and 
Cooley, 1995). There are some proteins like the Dok 
and RGS families and novel receptors, including 
CLEC-2 and G6b-B, which were discovered by 
proteomics analysis in platelets. Analysis of the 
platelet proteome provides information to identify 
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proteins involved in discrete surface platelet function 
such as platelet adhesion, activation, aggregation 
and secretion. 

A proteomics study on platelets from patients with 
ACS, compared with stable patients, showed that 
levels of proteins involved in cytoskeleton formation 
(F-actin capping, β-tubulin, α-tubulin isotypes 1 and 
2, vinculin, vimentin and two Ras-related protein 
Rab-7 isotypes), glycolytic reactions (glycer-
aldehyde-3-phosphate dehydrogenase, lactate 
dehydrogenase and two pyruvate kinase isotypes) 
and redox balance (manganese-SOD) were 
reduced in ACS patients. Proteins associated with 
cell survival, such as the β subunit of the 
proteasome 1 were also decreased in platelets of 
patients with ACS compared to stable patients 
(López-Farré et al., 2011). Another study with similar 
objectives, comparing protein patterns of platelets 
from patients with stable or acute coronary 
atherosclerosis, identif ied six differentially 
expressed proteins; two involved in energy 
metabolism (2-ketoglutarate dehydrogenase 
[OGDH] and lactate dehydrogenase [LDH]), three 
associated with the cytoskeleton-based processes 
(γ-actin, 1B Coronin and Pleckstrin) and one 
involved in protein degradation (proteasome subunit 
type 8) (Banfi et al., 2010; Napoli et al., 2013). 
Some proteomics studies on platelets in 
cardiovascular diseases are summarized in Table 1. 

Most pivotal platelet proteins are situated on its 
membrane, because platelet activation and 
aggregation usually require surface contact with the 
surrounding tissue. Therefore, special interest 
focuses on this contacting region and hence on the 
subproteome of the platelet plasma membrane 
(Burkhart et al., 2012; Lewandrowski et al., 2009; 
Premsler, Lewandrowski, Sickmann and Zahedi, 
2011). In a proteomics study by Lewandrowski and 
Burkhart, more than 4000 proteins on the plasma 
membrane of platelets were identified. In the last 
decade, the introduction of lipid rafts and 
microdomains as an action platform in membranes 
h a s c h a n g e d o u r v i s i o n o f t h e p l a s m a 
membrane(Pike, 2003). A cumulating body of 
evidence suggests that lipid-protein and lipid-lipid 
interactions in the plasma membrane limit the 
mobility of membrane proteins and interfere in their 
localization. Lipid rafts are about 10-200 nm in lipid-
ordered microdomains enriched with sphingomyelin, 
glycosphingolipids and cholesterol (Rabani, Davani, 
Gambert-Nicot, Meneveau and Montange, 2016; 
Rabani, Davani, et al., 2016; Thomas et al., 2014). It 
is now established that some platelet proteins, such 

as P2Y12(Savi et al., 2006) and FXIII (Kasahara et 
al., 2013)need to be on lipid rafts to be functional. 

Using different bioinformatics analysis tools, such as 
network analyzing could bring new concepts 
regarding existing data. In our recent study on 
coagulation FXIII, we showed that its interactive 
protein network changes after activation of platelets. 
We showed that FXIII interacts with cytoskeletal 
proteins such as actin, only after activation of 
platelets (Rabani, Montange and Davani, 2016). 
These kinds of interactions also can be considered 
as therapeutic targets (Ivanov, Khuri and Fu, 2013; 
M. T. Reilly, Cunningham and Natarajan, 2009; 
Zinzalla and Thurston, 2009). 

In 2015, the American Heart Association (AHA) 
released a scientific statement on the transformative 
impact of proteomics on cardiovascular health and 
disease, in which they summarized the progress 
that has been made over the last 20 years in 
proteomics analysis in cardiovascular diseases 
(Lindsey et al., 2015). This comprehensive review 
provided a guideline for the use of next-generation 
proteomics for future scientific discovery in the basic 
research laboratory and clinical settings.  

Globally, proteomics is a promising tool to discover 
earlier and cheaper new biomarkers and therapeutic 
targets. However, these biomarkers need biological 
verification and validation to be considered as a true 
biomarkers or therapeutic targets. With improving 
proteomics techniques and procedures and with the 
completion of the repository map of human proteins 
(85% complete to date) by the Human Proteome 
Organization (https://hupo.org/)(Lam et al., 2012), it 
is possible that this precious method will rapidly 
move from bench to bedside. 

Lipidomics: beyond plasma lipid profile 
Another branch of omics in lipid related diseases 
(Bou Khalil et al., 2010), which is of potential value 
in research of biomarker or therapeutic targets is 
lipidomics. Lipidomics is considered as a sub-
branch of metabolomics (Haase, Börnigen, Müller 
and Zeller, 2016). Metabolites are chemical 
elements whose alteration during metabolism can 
serve as signatures of biochemical activity. Since 
most metabolites are lipids (phospholipids, 
glycerophospholipids and sphingolipids) (Haase et 
al., 2016) and lipids play a crucial role in most 
cardiovascular diseases, we focus on lipidomics in 
this review. 
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Lipidomics is able to quantify hundreds of lipids 
species in a single sample with various structural 
and functional roles (Hou, Zhou, Elisma, Bennett 
and Figeys, 2008). This information improves our 
understanding of cardiovascular diseases at a level 
of detail not manageable with classical analytical 
methods. These technologies are able to identify 
different lipid compositions; like sphingomyelin and 
phosphatidylcholine (Rabani, Davani, et al., 2016), 
different concentrations of molecular lipid species 
like phosphatidylcholine 18:0/18:1. In addition, in a 
single sample, they can characterize lipid structure 

by determination for example of the place of a 
d o u b l e b o n d i n a l i p i d m o l e c u l e l i k e 
phosphatidylcholine 16:0/18:1 n9 (Ekroos, Jänis, 
Tarasov, Hurme and Laaksonen, 2010). 

Furthermore, lipidomics can identify lipid cellular 
distribution and provide information about their 
biochemical interactions and dynamics (Han and 
Gross, 2003). This type of lipid data is valuable in 
cardiovascular research. In this regard, Holčapek et 
al clustered three groups of people (healthy 
volunteers, obese people and cardiovascular 
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Table 1: Proteomics study on platelets in cardiovascular diseases. 

 Proteomics study Results 

Velez et al. Compare proteome of 
intracoronary versus 

peripheral arterial blood 
platelets in patient 

upregulation of platelet activation 
biomarkers at the culprit site 

Van Holten et al. Proteome of alpha 
granule 

activation via PAR 1 or PAR 4 does not 
affect alpha granule proteome 

Cini et al. Compare platelet 
proteomics profile of 
children with those of 

adults 

Differences in proteins which participate 
in tissue and organ development, cell 

proliferation regulation and angiogenesis 
processes 

Shah et al. platelet glycoproteome metallopeptidase inhibitor 1 (TIMP1) is 
highly modified by aspirin and correlated 
with hyper reactivity of platelets in vitro 

Raphael et al. compare platelet 
proteomic changes in 
platelets from heart 

failure subjects 

S100A8 is present in the platelets of heart 
failure subjects 

Cevik et al. Platelet proteomic 
profile of patients with 
acute ischemic stroke 

500 proteins defined, 83 of these proteins 
were found to be significant 

Milioli et al. Quantitative proteomics 
analysis of platelet-

derived microparticles 

distinct protein signatures when 
stimulated by different physiological 

agonists 

3383 proteins, of which 428 membrane 
and 131 soluble proteins 
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patients) and performed lipidomics analysis of 
plasma, erythrocytes and lipoprotein fractions 
(Holčapek et al., 2015). They showed that the two 
most upregulated lipids in cardiovascular patient 
groups were 1,3-DG (diacylglycerols) 32:1 and 1,3-
DG 34:1, while the most downregulated species 
were sphingomyelin 34:2 and 1,3-DG 32:0 
(Holčapek et al., 2015). 

Other attempts at cardiovascular risk prediction 
using lipidomics have revealed a different lipid 
profile in HIV-positive patients in favor of 
cardiovascular diseases. Total of 74 lipid species 
were identified and 8 lipid classes were significantly 
associated with future cardiovascular events in HIV-
positive subjects (Wong et al., 2014). 

Bellis et al combined genomics and lipidomics and 
showed that human plasma lipidome is heritable. 
They showed a correlation between the lipid 
component of plasma and polygenes that involve in 
cardiovascular risk (Bellis et al., 2014). For 
example, in calcific coronary artery disease (CAD) 
there is a significant association between single-
nucleotide polymorphism and lipid levels, however 
these relations cannot predict the severity of CAD 

(Tsao et al., 2012). The lipid profile of patients with 
calc i f ic coronary artery disease revealed 
phosphatidylcholine moieties, with 18-carbon 
decreased and 20:4 increased (Djekic, Pinto, 
Vorkas and Henein, 2016). These two lipids have 
previously been proposed as indicators of disturbed 
inflammation homeostasis (Vorkas et al., 2015). The 
levels of these two lipid species and sphingomyelin 
dysregulation, which is implicated in cell apoptosis, 
have been proposed as a biomarker of calcific 
coronary artery disease. However, lipid measure-
ments must be over the long term (57). It is 
noteworthy that previously, tenascin-X protein was 
shown to be greatly decreased and alpha-2-HS-
glycoprotein increased in calcific aortic valves 
compared with adjacent normal valve tissues 
(Matsumoto et al., 2012). This is an example of how 
the combination of knowledge from different sources 
can yield a concrete result for decoding disease. 

In a comparative study of lipidomics profiles of 
human atherosclerotic plaques, 150 species of lipids 
were identified in plaque and their interactions as 
well as differences between plaque lipid expression 
and control arteries were demonstrated (Stegemann 
et al., 2011) (Figure 3). 
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Figure 3. Some of lipid species identified in Human Atherosclerotic Plaques.
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Another important application of lipidomics is in cell 
membrane research. For example; combining 
lipidomics and genomics showed that membrane 
lipids are highly co-regulated. One study revealed a 
conserved circular l ipid network reflecting 
membrane lipid metabolism, subcellular localization 
and adaptation mechanisms (Köberlin et al., 2015). 
Lipidomics provided a good tool for identification of 
plasma membrane fractions and characterization of 
these microdomains (Figure 4) by establishing the 
ratio of cholesterol/sphingomyelin in lipid raft 
microdomains (Koumanov et al., 2005; Rabani, 
Davani, et al., 2016; Wolf and Quinn, 2008). These 
microdomains are the focus of attention in 
membrane biological research and are implicated in 
cardiovascular diseases through their participation 
in platelet activation (Kasahara et al., 2013; Savi et 
al., 2006), monocyte membrane reorganization 
(Salvary et al., 2012) and in the mechanisms 

mediating drug effects (García and Senis, 2011; 
Zinzalla and Thurston, 2009). 

Considering all these aspect of functionality of 
lipidomics in cardiovascular diseases, we can 
consider this technique as a very good tool in 
cardiovascular research toward new biomarkers and 
therapeutic targets.  

Conclusion 
Omics are important tools for the identification of 
new biomarkers and therapeutic targets in 
cardiovascular diseases. These methods provide a 
basis from which to study a biological system. 
However, this field of research remains young and 
needs more investigation of the accuracy and 
applications of the omics techniques. Nonetheless 
Omics can provide precise idea information about 
what gene, protein or lipid is valuable for 
investigation, as well as potentially validating new 
biomarkers or targets. 
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Figure 4. Lipidomics demonstrated variation in lipid species present in raft and non-raft part of platelet membrane.
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Omics will help to strengthen evidence and improve 
understanding both rapidly and reliably in 
multifactorial pathologies. Systematic analysis of 
already Omics data is necessary and helpful to 
identify populations at risk, provide reliable risk 
stratification and establish molecular signatures of 
pathologic conditions.  
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