Long Non-Coding RNAs in Cardiovascular Diseases | Encyclopedia.pub

Long Non-Coding RNAs in Cardiovascular
Diseases

Subjects: Biochemistry & Molecular Biology

Contributor: Bruno Pelozin

Cardiovascular diseases (CVDs) are the leading cause of death worldwide. It is estimated that approximately 18.5
million people die annually on account of these diseases, with a third of these people dying under the age of 70
years. ldentifying those most affected by CVDs and ensuring they receive the appropriate treatment can prevent
premature deaths. Furthermore, the development of new therapeutic strategies and biomarkers with the potential
to predict the progression of CVDs is fundamental to reducing mortality worldwide. CVDs can be defined as
disorders that affect the heart or blood vessels such as heart failure, coronary heart disease, cerebrovascular

disease, peripheral arterial disease, and congenital heart disease.

aerobic training INncRNAs cardiovascular disease biomarkers

| 1. Introduction

The main risk factors associated with these diseases are smoking, excessive alcohol consumption, sedentary
lifestyle, obesity, high blood cholesterol, among others. Individuals at risk of developing CVDs may, therefore, have
increased blood pressure, glucose, and triglycerides as well as overweight and obesity. Among the many risk
factors that predispose to the development and progression of CVDs, a sedentary lifestyle, supported by
consistently low levels of physical activity, represents a major contributor to CVDs. On the other hand, regular
exercise is associated with health benefits and a lower risk of disease 2. Several studies have demonstrated that
increased physical activity promotes a reduction in all-cause mortality and can increase life expectancy, affecting a
strongly link to a decline in the risk of developing CVDs, in part by promoting weight loss, blood pressure control as
well as improving blood lipid profile and insulin sensitivity B, For these reasons, physical activity has been
recommended worldwide for CVD prevention and treatment. Despite the benefits of regular physical exercise, the

molecular mechanisms by which they occur are still poorly understood.

In recent decades, a research effort has been aimed at identifying the major physiological, biochemical, and
molecular contributors to the cardiovascular benefits of exercise. This research resulted in advances obtained from
observational studies and interventions in both human and animal models. The Encyclopedia of DNA Elements
(ENCODE) ¥, a project realized in 2012, challenged the central dogma of biology and the interpretation of what is
considered a functional region of the human genome &l. From the use of high-throughput genomic platforms, it was
discovered that the coding transcripts (i.e., MRNAS) represent less than 3% of the genome, while everything else
represents transcripts that have little or no ability to synthesize protein. These transcripts are called non-coding

RNAs (ncRNAs) 8. For a long time, these non-coding transcripts were neglected and treated as “junk of the DNA”
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(78 “transcription noise” BILUIL or even as “dark matter of the genome” 1213l: however, evidence shows that
ncRNAs are not only functionally active as RNA molecules but are also one of the major regulatory networks of

gene expression at the epigenetic, transcriptional, and even post-transcriptional levels (for more information, see
References [BIIL4IL5][16][17])

According to the number of nucleotides (nt), ncRNAs can be divided into two large classes: those with fewer than
200 nt, called small non-coding RNAs such as microRNAs (miRNAs), and those with more than 200 nt, called long
non-coding RNAs (IncRNAs). Among them, miRNAs are better understood and act mainly in post-transcriptional
control as protein synthetic silencers binding to their target mMRNA on which they induce translation degradation or
repression (28, The identification of stable miRNAs in body fluids, a strong indicator of cell-cell communication via
circulating RNAs, suggested for the first time the possibility of non-coding transcripts serving as diagnostic and
prognostic biomarkers for several diseases 1929 as well as the possibility of their being used as therapeutic
targets and monitoring of physical performance induced by exercise training (2122231241 On the other hand,
IncRNAs can modulate gene expression at multiple levels and in an even more complex way than a regulation
made by miRNAs (22281271 However, IncRNAs have only recently attracted the attention of researchers, and

knowledge about them, including their potential as a biomarker and therapeutic target, is still limited [28122][301[31]

According to the LncRNA Disease v2.0 database (www.rnanut.net/Incrnadisease, accessed on 16 September

2021), there are currently more than 205,959 associations between IncRNAs and diseases including CVDs. As
knowledge about these associations grows, so does the interest in investigating the influence of exercise training
on the modulation of the expression of these transcripts and the possibility of using the health benefits as potential
therapeutic targets [32133](34]

| 2. LncRNAs in Cardiovascular Diseases

IncRNAs can be correlated with many human diseases [B2IB8I37138] jncluding CVDs. The first association between
IncRNA and heart disease came from genetic studies in which it was discovered that the locus enriched in single
nucleotide polymorphisms involved with myocardial infarction susceptibility was not actually a protein-coding locus
but coding for an ncRNA, which the discoverers named MIAT (myocardial infarction-associated transcript) 32,

Since then, several studies have reported associations between IncRNAs and CVDs (Table 1).

Table 1. List of IncRNAs involved in cardiovascular diseases.

IncRNA CVDs Association References
aHIF Ml Regulation of the angiogenesis process and a biomarker. (49]
aHIF CHD Biomarker. [41]

AK098656 AH Regulation of arteries of resistance and a biomarker. [42]
ANRIL CHD  Susceptibility conferred by SNPs in the ANRIL locus on [43)
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IncRNA CVDs Association References
chromosome 9p
Increase of susceptibility to higher systolic blood pressure conferred [44]
ANRIL AH )
by polymorphisms.
ANRIL MI Protection of cardiomyocytes from hypoxia by acting on the miRNA- [45][46][47]
7-5p/SIRT1 axis; and biomarker to LV dysfunction.
ANRIL HF  Biomarker. [48]
APE MI Promotion of cardiomyocytes autophagy acting as a sponge for [49]
MiRNA-188-3p.
APOA1-AS CHD  Biomarker. [41]
AWPPH CHD  Biomarker. =
BACE1-AS HF Promotion of ECs apoptosis. (1]
BANCR CHD Promotion of VSMCs proliferation and migration. [52]
CARL MI Reduction of mitochondrial fission and apoptosis acting as a 53]
sponge for miRNA-539.
CDR1AS Ml  Biomarker. [54]
Chaer HF Induction of Pathological cardiac remodeling.
Chast HF Induction of Pathological cardiac remodeling.
CHRF HF Endogenous sponge to miRNA-489 activity.
CHROME CHD Regulation of cellular cholesterol homeostasis. (58]
CoroMarker CHD  Biomarker. 591
EGOT HF  Biomarker. [48]
ETX MI Regulation of cardiomyocytes apoptosis acting as a sponge for [60]
miRNA-29b-1-5.
Regulation of ECs and VSMCs function acting as endogenous RNA [61][62]
GAS5 AH . . :
competing of mMiIRNA-21; and a biomarker.
Protection of cardiomyocytes against hypoxic injury acting as a
GAS5 MI sponge for miRNA-142; promotion of the development and [63][64][65]
progression of the disease acting on the miRNA-525/CALM2 axis;
and improves apoptosis by negatively regulating sema3a.
Giver AH Promotion of VSMCs dysfunction. [66]
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IncRNA CVDs Association References
H19 Ml Induction of cardiac remodeling; autophagy; and biomarker. [6]ie8] 6ol
H19 CHD  Biomarker. (roiz]
H19 HF Regulation of cardiac hypertrophy; and a biomarker. [481r2]

HEAT2 HF  Biomarker. (73]

HOTAIR M glsd;c;:gnmzikcgdioprotective acting as a sponge for miRNA-1 and [74]

HOTAIR HF  Biomarker. [48]

HOTTIP CHD Promotes ECs proliferation and migration. (3]

HRCR HF Inhibition of cardiac hypertrophy acting as a sponge for miRNA-223. [z6l
KCNQ10T1 Ml Biomarker for left ventricular dysfunction. [43]

LIPCAR Ml Biomarker for cardiac remodeling. (7]

LIPCAR CHD  Biomarker. (28]

LIPCAR HF  Biomarker. 2]

lincRNA-p21 CHD Regulation of cardiomyocytes apoptosis and proliferation. [ZoliE0]
LINC00968 CHD Zrlc;rEoAtlgn of ECs proliferation and migration acting as a sponge for 81]
lincRNA-ROR HE ie?()agulation of cardiac hypertrophy acting as a sponge for miRNA- [82]
Lnc-Ang362 AH Regulation of VSMCs proliferation through miRNA-221 and -222. (63]
Lnc-Ang362 M Promotion of cardiac fibrosis. (4]
LOC285194 HF  Biomarker. [48]
MALATL M Rggulation 9]‘ cardi.omyocytes apoptosis and autophagy through [69]185][86]
MiRNA-558; and biomarker.
MALAT1 CHD  Biomarker. (87
MDRL M Reduction of mitochondrial fission and apoptosis acting as a [88]
sponge for mMiRNA-361.
MEG3 Mi Regulation of cardiomyocytes apoptosis. (89]
MEG3 HF Regulation of cardiac fibrosis and diastolic dysfunction. (0]
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IncRNA CVDs Association References
MHRT Ml Regulation of cardiomyocytes apoptosis; and biomarker. (4]
MHRT HF Regulation of chromatin remodelers; and biomarker. (22193
MIAT MI Regu_lation of cardiac hypertrophy and fibrosis acting as a sponge [39][94](95]

for miRNA-150 and -93.
MIAT CHD  Biomarker. (87]
MIAT HE Regulation of cardiac hypertrophy acting as a sponge for miRNA- [95]
150.
Mirtl1/2 Ml Regulation of cardiac remodeling. (6]

n379519 MI Promotion of cardiac fibrosis through miRNA-30. 7]

NEXN-AS1 CHD  Mitigation of atherosclerosis. (98]
NONRATT021972 MI Promotion of cardiac function. (291
NR_027032 AH  Biomarker. [100]
NR_034083 AH  Biomarker. [100]
NR_104181 AH  Biomarker. [100]
NRF Ml Regulation of cardiomyocytes necrosis. [104]
NRON HF Biomarker. 3]
PCFL Ml Promotion of cardiac fibrosis through miRNA-378. 102]
RMRP HF  Biomarker. [48]
RNY5 HF  Biomarker. [48]
SMILR CHD  Biomarker. [103]

SOX2-0OT HF Biomarker. (48]
SRA1l HF Biomarker. (48]

TTTY15 Ml Induction of cardiomyocyte injury by hypoxia targeting miRNA-455. S
UCA1 Ml Biomarker. [LO3J166)
UIHTC Ml Promotion of mitochondrial function. 107

Wisper Ml Regulation of cardiac fibroblast. -
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IncRNA CVDs Association References
ZFAS] MI Induction of cardiomyocyte apoptosis; cardiac contractility [54][107][209]

reduction; and biomarker.

AH, arterial hypertension; CVDs, cardiovascular diseases; CHD, coronary heart disease; ECs, endothelial cells;
HF, heart failure; IncRNA, long non-coding RNA; MI, myocardial infarction; miRNA, microRNA; VSMCs, vascular

smooth muscle cells; SNPs, single-nucleotide polymorphisms.

Given the specificity of expression of INcCRNAs, it would be careless to think that the dysregulation of the
expression of these molecules in cardiac pathological processes, even if the molecular mechanism behind them is
not exactly understood, was a mere coincidence 1%, The poor conservation of these interspecies transcripts,
however, makes it difficult to translate findings in rodent models for human applications; however, several studies
have shown promising results regarding the prognosis of CVDs and new therapies from the modulation of cardiac
IncRNAs [22I33][111][112][113][114][115] \n/e summarize the IncRNAs and the CVDs (Figure 1).

s ™

ANRIL, H19, LIPCAR, MIAT, aHIF, MALAT1,
HOTAIR, MEG3, MHRT, GAS5, Lnc-Ang362,
APF, CARL, CDR1AS, FTX, KCNQ10T1,
MDRL, Mirt1/2, n379519, NONRATT021972,
NRF, PCFL, TTTY15, UCA1, UIHTC, Wisper
and ZFAS1.

ANRIL, H19, LIPCAR, MIAT, aHIF,
MALAT1, AWPPH, APOA1-AS,
BANCR,CHROME, CoroMarker,
HOTTIP, lincRNA-p21, LINC00968,
NEXN-AS1 and SMILR.

Myocardial Infarction

Long
non-coding
RNAs

ANRIL, H19, LIPCAR, MIAT, HOTARR,
MEG3, MHRT, BACE1-AS, Chaer,
Chast, CHRF, EGOT, HRCR, HEATZ, ANRIL, GASS, Lnc-Ang362,

incRNAROR, LOC285194, NRON, _ | AK0g8855, Giver, NR_027032,
RMRP, RNY5, SOXS2-OT and SRAT. NR_034083 and NR_104181.

Figure 1. IncRNAs are differentially expressed in cardiovascular diseases such as heart failure, myocardial
infarction, coronary artery disease, and arterial hypertension. The IncRNAs marked in blue are the same present in
myocardial infarction, coronary artery disease, heart failure, and arterial hypertension; those marked in red are the
same present in myocardial infarction, coronary artery disease, and heart failure; those marked in green are the
same present in myocardial infarction and heart failure, those marked in orange are present in myocardial

infarction and arterial hypertension; and the purple present in myocardial infarction and coronary artery disease.

3. LhcRNAs in Cardiovascular Diseases: Challenges and
Future Perspectives
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IncRNAs have characteristics of great interest to the biomedical community. These characteristics have received
attention, albeit timidly, in recent clinical trials (NCT04189029; NCT03268135; NCT02915315; NCT03279770) to
investigate the role of these transcripts as biomarkers and in the pathogenesis of some CVDs. However, one
cannot fail to mention the challenges to be overcome until these transcripts finally move from research to clinical

application.

The isolation, detectability, quantification, and strategy adopted for the normalization of circulating INcCRNAs are key
factors for the reliable identification of candidates as potential biomarkers and, in the absence of standardization,
have been technical limitations of important relevance for ncRNAs in general L18IL17I118] Added to this is the fact
that there may be significant variations in the expression levels of IncRNAs, including those that are significant
regarding CVDs, among different body fluids such as serum, plasma, and urine or even among different
compartments of the same cell 1191201 The |ack of standardization regarding the fluid to be considered as a
sample for a given IncRNA may end up leading to research with wrong conclusions. In addition, cardiovascular risk
factors, medication use, sex, and age are examples of some factors capable of promoting changes in the
expression levels of ncRNAs such as IncRNAs 121116l Among the limitations found in the process until INcRNAs
reach the clinic stage as therapeutic targets is the fact that IncRNAs are still in the process of characterization and
annotation; even at these stages, many challenges need to be overcome. In this sense, the modulation of a
IncRNA can result in opposite effects, even harmful, for the purpose in question 23], since the same IncRNA can be
involved in the mechanism of different pathologies 12211231 The availability of information on the characterization
and annotation of IncRNAs, therefore, provides greater knowledge about the IncRNA in question and,
consequently, of other molecules with which it may be related, which allows a broader notion about the implications
involved in the modulation of one of these transcripts. Furthermore, it is well known that the intermediate step
between basic research and clinical trials necessarily involves the use of animal models. At this point, the lack of
conservation of the nucleotide sequence of IncRNAs among different species represents a limitation with great
impact, as it makes it difficult to transpose the results obtained in preclinical studies to humans 124 Therefore,
clinical trials end up being restricted to working only with those IncRNAs that have their counterparts in humans. In
addition to these challenges, there is still a need to elucidate the secondary and tertiary structures of INcRNAs,
which are even more critical for the function of these transcripts than the primary structure, and these may have
structural homologues in other species including those used as models of experimental animals 123111261 Finally,

there are still challenges regarding drug delivery to the target INcRNA of interest [127],

Considering the limitations mentioned here, an initiative by the scientific community is needed to reach a
consensus on the methods (from the way the sample is manipulated to the chosen normalization strategy) to be
used to ensure robust paths for identifying IncRNAs as CVD biomarkers as well as precision regarding the criteria
and parameters to be adopted for the formation of groups involved in future clinical studies, whether for the
identification of INcRNAs as biomarkers or the assessment of their potential as a therapeutic target. In this regard,
there is still much to be overcome regarding the challenges of the application of INCcRNAs as a therapeutic
approach in CVDs; the clinical trials presented here refer mostly to the use of these molecules as biomarkers,
some of which also investigated the role of IncRNAs in CVDs. Although important experiments using highly

sophisticated technological tools, such as RNA-seq, have been conducted to identify therapeutic candidate
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IncRNAs, little has been done regarding the characterization of these transcripts found in terms of regulation of the
pathological process or ability to undergo regulation. It is necessary, therefore, that new information that arises
about a IncRNA already known or recently discovered can be accessed by any researcher, anywhere in the world,
as this ensures optimization in the field of research on IncRNAs. Even today, the lack of gene homology is an
obstacle in science. Future technological advances are expected to provide solutions to overcome these and other
limitations that challenge the use of InNcRNAs as therapeutic targets in CVDs [B3IL18I[1171[127] Once overcome, the

benefits for patients affected by CVDs can be enormous.

| 4. Conclusions

This new class of non-coding transcripts playing regulatory roles in various diseases is the beginning of knowledge.
Although the number of INcRNAs discovered over the years has increased, so far very little is known about the
mechanisms of action and functions performed by these molecules. One of the reasons for this delay is the poor
sequence conservation of interspecies INCRNAS, as variations in different animal models make the identification of
biological functions and mechanisms of action of the vast majority of IncRNAs and the consequent translation of
findings from animals to humans difficult. In this aspect, databases (for example, LNCipedia 128 LncTar 222 and
LncRNAWi ki 1391131y haye been important tools for depositing and rationalizing information about IncRNAs from
different parts of the world. Despite the challenges, INcRNAs are promising candidates for therapeutic use and are
characterized as a tool with great application power in personalized medicine given their specific expression
pattern associated with different pathologies. It is still the beginning of this new field of study involving the
modulation of the expression of INcCRNAs in the context of CVDs and physical exercise. There are, therefore, great
expectations regarding the application of alternative modalities to aerobic exercise to modulate the InCRNAs
involved in this context, such as resistance training and also combined training. Before therapeutic application,
further research is needed for a complete functional characterization of IncRNAs involved in cardiovascular

pathology as well as their ability to be regulated from different physical training protocols.
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