TrRENDS IN CARDIOVASCULAR MEDICINE 26 (2016) 407-419

Available online at www.sciencedirect.com O st ular

ScienceDirect

www.elsevier.com/locate/tcm

MicroRNA: A new therapeutic strategy for @CMk
cardiovascular diseases

Saheli Samanta, PhD®, Sathyamoorthy Balasubramanian, PhD*",

Sheeja Rajasingh, MSc, MPhil”, Urmi Patel, BS®, Anuradha Dhanasekaran, PhD?,
Buddhadeb Dawn, MD“, and Johnson Rajasingh, MPhil, PhD*%*

#Department of Internal Medicine, Cardiovascular Research Institute, University of Kansas Medical Center, Kansas City, KS

PCentre for Biotechnology, Anna University, Chennai, Tamil Nadu, India
“Department of Biochemistry and Molecular Biology, University of Kansas Medical Center, Kansas City, KS

ABSTRACT

Myocardial infarction, atherosclerosis, and hypertension are the most common heart-related diseases that affect both the heart
and the blood vessels. Multiple independent risk factors have been shown to be responsible for cardiovascular diseases. The
combination of a healthy diet, exercise, and smoking cessation keeps these risk factors in check and helps maintain homeostasis.
The dynamic monolayer endothelial cell integrity and cell-cell communication are the fundamental mechanisms in maintaining
homeostasis. Recently, it has been revealed that small noncoding RNAs (ncRNAs) play a critical role in regulation of genes
involved in either posttranscriptional or pretranslational modifications. They also control diverse biological functions like
development, differentiation, growth, and metabolism. Among ncRNAs, the short interfering RNAs (siRNAs), and microRNAs
(miRNAs) have been extensively studied, but their specific functions remain largely unknown. In recent years, miRNAs are
efficiently studied as one of the important candidates for involvement in most biological processes and have been implicated in
many human diseases. Thus, the identification and the respective targets of miRNAs may provide novel molecular insight and
new therapeutic strategies to treat diseases. This review summarizes the recent developments and insight on the role of miRNAs
in cardiovascular disease prognosis, diagnostic and clinical applications.
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Introduction

Heart diseases are the leading cause of death in the United
States and around the world [1]. Hypertension, tobacco
exposure, high cholesterol, obesity, diabetes, unhealthy diets,
and alcohol seem to have an additive effect for the causation
of cardiac diseases. Myocardial infarction (heart attacks),
cerebrovascular disease (stroke), atherosclerosis, and hyper-
tensions (raised blood pressure) are the most common
cardiovascular diseases, which involve heart and blood ves-
sels. Number of recent studies has shown that miRNAs are
essential for the normal development and physiology of
various organs, including the heart. Studies have also started
to characterize the link between microRNAs (miRNAs) and
different aspects of cardiac pathogenesis such as chamber
morphogenesis, conduction, and contraction. Moreover, con-
genital anomalies of the heart can be associated with the
dysregulation of specific miRNAs [2].

Recently, investigators have demonstrated that RNA func-
tions not only as an intermediate molecule between DNA
and protein, but is also involved in the complicated process
of gene regulation and expression. Some of the RNAs are the
functional molecules that are not capable of translating into
proteins. Hence, these RNAs are called noncoding RNAs
(ncRNAs). Among the several classes of ncRNAs, miRNA is
the most extensively studied and has gained prominence in
current research. These ncRNAs are found within intergenic
or intragenic regions of host genes, which make up approx-
imately 10% of the human genome [3]. Recently, a rapid
progress has been made in profiling miRNA and reported it
in various diseases and cell types. MiRNAs are involved in a
number of biological processes, including cell proliferation,
apoptosis, stress response, hematopoiesis, and oncogenesis.
Studies have highlighted that miRNA could be a potential
molecular therapeutic strategy for various diseases, includ-
ing heart diseases [4]. MiRNAs are tissue and lineage spe-
cific, and many more to be discovered. The recently
developed high-throughput approaches revealed the miRNA
size, their target, and the connectivity of the miRNA-
dependent regulatory network. One step further, the expres-
sion levels of miRNAs and their decay rates have been
identified in individual cell types. These works together help
us to understand miRNA-dependent gene regulation to
study the response of the entire network. Studies have
shown that miRNAs stably regulate many developmental
and cellular processes, including numerous eukaryotic
plants, and mammals with vary in expression at extracel-
lular and intracellular fractions [5]. During the past decade,
numerous research articles have shown a wide knowledge
about the basic mechanisms of miRNAs, biogenesis and its
functions in the circulatory system. This review will discuss
the biosynthesis of the miRNA and its functional role in
cardiovascular diseases, as well as the challenges in miRNA-
based therapy.

Noncoding RNAs

The ncRNAs are the functional entity of a cell in regulating
the gene expression. These regulatory RNAs have function
but do not encode proteins. In 1950s, discoveries of ribo-
somal RNA (rRNA) and transfer RNA (tRNA) are known as
the principle RNA molecules that participate in gene
expression. In the early 1980s, the existence of small
nuclear RNAs (snRNAs) was discovered. Recently, the other
ncRNAs, such as small cajal body specific RNAs (scaRNAs),
small nucleolar RNAs (snoRNAs), long noncoding RNAs
(IncRNAs), piwi-interacting RNAs (piRNAs), and circular
RNAs (circRNAs) were discovered for the labile genes.
The discovery of miRNAs was a huge revolution be-
cause it depicted their importance of posttranscriptional
events in gene expression, particularly in eukaryotic
organisms [6].

SiRNAs

The siRNAs are small double-stranded RNAs and well studied
among the ncRNAs of approximately 20-25 base pair (bp) in
length. The major role of siRNA is to involve in RNA
interference (RNAi) pathway in regulating the gene expres-
sion. This RNAi-mediated gene regulation can be executed by
either siRNA or miRNA, but there are subtle differences
between the 2. However, siRNA based strategies have some
disadvantages, mostly RNase susceptibility. The use of RNAi-
based therapeutics from a clinical standpoint, is a new plat-
form that is steadily developing [7].

PiRNAs

Comprising a length of approximately 24-30 bp. PiRNAs are
the Dicer-independent ncRNAs that associated with PIWI
subfamily proteins. PiRNAs are highly abundant in germ
cells. Some are involved in the formation of heterochro-
matin or RNA destabilization, which mediates gene silenc-
ing [8].

SnoRNAs

SnoRNAs are intermediate-sized ncRNAs (60-300 bp) respon-
sible for posttranscriptional modifications and assist in fold-
ing and stability of rRNA [9].

Sca-RNAs

The scaRNAs (60-425bp) are a subset of snoRNA family,
which is large family of conserved ncRNAs that primarily
guide biochemical modifications of particular nucleotides
(e.g., methylation and pseudouridylation) of rRNAs and
snoRNAs. Without the specific modifications controlled by
the scaRNAs, the spliceosome fails to function properly [10].
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