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MicroRNA Therapeutics for Cardiac Disease
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Cardiac disease is a major health concern among the elderly and
obese populations. Being the number one cause of death in America,
it is rapidly becoming a popular topic for researchers nowadays.
MicroRNAs (miRs) are small, non-coding RNA molecules that range
from 19 to 25 nucleotides in length and regulate gene expression mainly
via binding to mRNAs and causing the repression of their expression
[1,2]. They serve as intracellular mediators that are necessary for the
heart to function properly. It has been shown that the causes of some
cardiovascular diseases can be linked to aberrant expression of MiRs
[3]. Therefore, these tiny molecules are of immense importance and
have become a target for drug therapy in heart disease.

MicroRNA biogenesis

MiR genes can be found in a genome either as individual
transcriptional units or as clusters of genes [4-7]. MiR is transcribed
by RNA polymerase II to yield a long transcript referred to as primary
miR. This transcript is then processed by an enzyme called Drosha, to
yield a shorter hairpin-shaped/double-stranded RNA referred to as
premature miR. The premature miR then leaves the nucleus and goes
into the cytoplasm where it is further processed by a protein called
Dicer into mature miR [1,2]. This mature miR binds to target mRNAs,
causing the repression of gene expression.

MicroRNAs in the heart

MiRs regulate cardiac cell growth, differentiation and survival.
Among thousands of miRs that have been discovered, 18 are very highly
expressed in the heart, accounting for about 90% of total expression.
During the progression of heart disease, the expression of nearly all
18miRs is dysregulated. Several of them belong to families, including
let-7, miR-30 and miR-29 families [3]. MiR-21 is the most upregulated
miR in cardiovascular diseases and is highly expressed in the different
types of cardiac cells [2]. It is upregulated during the ballooning of
arteries as well as in cardiac hypertrophy. This is the same for other
miRs; their upregulation leads to cardiovascular diseases [3]. Given the
fact that miRs regulate many pathophysiological processes, future drug
therapy, which uses oligonucleotides that are chemically modified to
either target certain miRs or affect their binding to a particular mRNA
target, is warranted.

The role of microRNAs in cardiac disease

MiRs serve as important and powerful mediators in cardiac disease
and cardiac system. Many miRs have been discovered to be involved in
cardiomyocyte differentiation both in vitro and in vivo [8,9]. MiR-133a
is one of them, which affects both cardiac development and pathological
hypertrophy [10]. After Kwon et al. [11] reported a miR that can affect
cardiac cell proliferation; increasing numbers of studies have shown
abnormal expression of certain miRs in relation to cardiac disease.
MiR-1, miR-21, miR-24, miR-29, miR-33,miR-92a, miR-126, miR-133,
miR-199a, miR-208, miR-208a, miR-195, miR-320,and miR-499 have
been shown to be involved in the pathogenesis of acute myocardial
infarction, heart failure, cardiac injury, arrhythmias, fibrosis, pressure
overload-induced remodeling, metabolic disorders and other cardiac
diseases [12,13]. Although miRs can exacerbate cardiac disease, their
expression can also prevent the disease [14]. Research has shown that

miRs can simultaneously regulate multiple targets and that many miRs
can bind to the same target, suggesting that miR regulation in cardiac
system and cardiac disease is complex. Despite all the progress, we still
need more research, particularly in large animals and clinical studies to
further explore and confirm the role of miRs in cardiac disease.

Scientists also pay attention to the risk factors of cardiac disease
that might be caused by miRs. For example, Wang et al. summarized
that many miRs are involved in the pathogenesis of blood pressure,
cholesterol, obesity and diabetes [13], indicating that miRs play an
important role in modifying the risk factors of cardiac disease. Research
also shows that miRs can modulate numerous ion channels involved
in cardiac rhythm [14,15]. This line of research along with the recent
identification of miRs in the circulation bring up the possibility of
reducing mortality of cardiac disease via utilizing miRs as potential
biomarkers for early diagnosis and early treatment.

MicroRNA-based therapies in cardiac disease

A wide variety of recent studies suggest that miRs act as
intracellular and intercellular mediators in cardiac disease [16].
Based on these mechanisms, miRs have been considered as potential
prognostic biomarkers, resulting in novel pharmacological therapeutic
strategies [17,18]. Krutzfeldt et al. also showed that antagomirs were
able to knock down miR expression in cardiac tissue [19]. Thum et al.
showed that anantagomir against fibroblast-enriched miR-21prevented
cardiac fibrosis [18]. Other studies also successfully confirmed that
miR inhibitors conferred cardiovascular protective functions [20].
Thus, both antagomirs and miR inhibitors can effectively target miRs
in vitro and in vivo. Recently, Wang et al. used miR erasers and sponges
as additional tools to decrease miR expression [21]. These anti-miR
strategies are employed to suppress the expression of target miRs that
are upregulated in cardiac disease. When miRs are down regulated in
cardiac disease, miR mimic technology, which uses small, chemically
modified double-stranded RNA molecules that are designed to mimic
endogenous mature miRs, can be utilized to recover the expression of
target miRs [20,22]. Therefore, both positive and negative regulation in
the expression of miRs can be used as a therapeutic means.

A recent study compared intravenous, intraperitoneal and
subcutaneous delivery routes of anti-miR-208a in mice. All these
administration methods showed similar results that the inhibition of
miR-208a improved cardiac function during heart failure [23]. Other
studies also compared the effects of various doses of cholesterol-based
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antagomirs on cell-type specific uptake and silencing of miR-24 [24].
The results indicated that the optimal doses are dependent on individual
miRs and their abundance in the target organ. Nevertheless, the costs
for miR-modulating chemistry have been reduced significantly so that
large animal and clinical studies are now possible these days.

Despite great advances and contributions of miR-targeted therapies
to cardiac disease, there are still a few drawbacks. For example, if we
modulate a diverse set of target mRNAs by manipulating the expression
of a specific miR, both beneficial and pathological processes will
be affected. Our major concerns are that a specific cardiac disease
condition might be modulated by multiple miRs, and that one gene
can be regulated by multiple miRs. Henceforth, the challenge is to
understand specific biological actions of miRs. Although current
miR-based therapy in experimental models has produced favorable
outcomes, there are pending issues that need to be resolved prior to
the consideration of miR-based gene therapy in the clinic. These
include the need for definitive mRNA target validation, our incomplete
understanding of rate-limiting cellular components that impact the
efficiency of this post transcriptional gene-silencing phenomenon, the
possibility for nonspecific immune activation, and the lack of a defined,
optimal mode of delivery.

Modulating upstream signaling pathways to regulate
miR biogenesis as a potential therapy in cardiac disease

Recent research has shown that some upstream signaling pathways
can regulate miR biogenesis, thereby modulating downstream targets
in cardiac disease. It was demonstrated that IGF-1 pathway controls
miR-1 expression in cardiac muscle [25]. MiR-29 is down regulated by
TGF-P1 in the fibrotic tissues after myocardial infarction [26]. TGFp,
Wnt and Notch signaling pathways can also modulate the biogenesis
of a subset of miRs in cardiac disease [27]. Indeed, signaling pathways
are ideal targets for regulating miR activity because of the sharp dose-
sensitive nature of their effects. Because cell signaling pathways have
been shown to modulate the activities of some components of the miR
biogenesis, it is possible to achieve optimal miR expression patterns
by regulating the upstream signaling pathways. Therefore, one can
develop a novel drug for cardiac disease, where upstream signaling
pathways modulate causative miR expression. Future studies are
needed to identify additional pathways affecting these important signal
transduction networks and to elucidate the underlying mechanisms of
how different signaling pathways regulate the specific miRs.

Conclusion remarks

Despite the many novel findings that have been identified in the miR-
based regulation of gene expression in the cardiovascular system, many
gaps still exist. For example, the detailed mechanism of combinatorial
interactions between multiple miRs and coordinated target mRNAs,
which is likely to play an important role in the regulation of genes and
physiological pathways, is still not fully understood. Furthermore, few
large animal and human studies have been done. To completely translate
exciting basic research outcomes into clinical therapeutic options,
further collaborative research has to be pursued. Due to the fact that
miR-based therapies using chemically modified oligonucleotides have
several disadvantages, we anticipate that modulating the upstream
signaling pathways to regulate miR biogenesis will represent novel
therapeutic targets for the future.
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