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Editorial on the Research Topic

The Non-coding Genome and Cardiovascular Disease

Only ∼1.5% of the genes in the human genome code for proteins, with the remaining 98.5%
constitutes the non-coding genome (1). These non-coding RNAs range from 18–25 nucleotides
(microRNA) to 200–300 nucleotides (long non-coding RNA or lncRNA) and play crucial roles in
fine-tuning gene expression (2, 3). Empirical evidence demonstrates that these non-coding RNAs
are differentially expressed in cardiovascular diseases (4). Studies on many preclinical models
suggest that targeting these non-coding RNAs could be a promising therapeutic strategy for
cardiovascular diseases (5, 6). As per the National Institutes of Health website: https://clinicaltrials.
gov, there are 140 clinical trials carried out on “miRNA and cardiovascular diseases” and 10 clinical
trials conducted on “lncRNA and cardiovascular diseases” to date, supporting the translational
significance of non-coding RNAs in cardiovascular diseases. Being an endogenous molecule and
having regulatory roles in several biological pathways, non-coding RNAs remain an attractive
target in the field of cardiovascular disease as they hold promise as both therapeutic targets
and biomarkers (7–9). The aim of the current special Research Topic was to understand the
regulatory role and therapeutic potential of non-coding RNAs in cardiovascular diseases. Four
articles (three reviews and one research) have been published in this Research Topic, which have
elaborated the distinct roles of non-coding RNA in different biological signaling pathways related
to cardiovascular diseases. The specific contributions of each articles are summarized below:

The first paper by Biswas et al. reviewed the key molecular mechanisms and their regulations
by lncRNAs during fibrosis in the diabetic heart. Approximately 18,480 lncRNAs are present in
the human heart and the majority of them are differentially expressed during cardiomyopathy
(10). In a given cell, lncRNAs are localized to either the cytoplasm or nucleus in order to regulate
gene expression by epigenetic modifications in the nucleus and mRNA translation by sponging
miRNA in the cytoplasm (11). The authors summarized the role of different lncRNAs in cardiac
complications, such as Mhrt and H19 in protecting the heart against hypertrophy, and Wisper
in controlling cardiac fibrosis. In addition, Biswas et al. elaborated the key molecular players of
extracellular matrix remodeling, endothelial-mesenchymal transition, and epigenetic regulatory
mechanisms by DNA and histone methylation and histone acetylation that contribute to cardiac
fibrosis in diabetes mellitus.

The second paper by Das et al. highlighted the important basic and clinical breakthroughs in
the field of non-coding RNAs as a therapeutic target and biomarker for cardiovascular disease,
and depicted the limitations and challenges of non-coding RNA-based therapeutics. They have
extensively reviewed the role of different types of miRNAs in adverse cardiac remodeling and
heart failure, myocardial ischemia/reperfusion injury, atherosclerosis, diabetesmellitus, and insulin
signaling. The emerging roles of other non-coding RNAs such as siRNA, piwi-interacting RNA,
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circular RNA, and lncRNA are elaborated in this paper. The
potential of non-coding RNA, especially miRNA, as a predictor,
prognostic tool, and therapeutic target for cardiovascular diseases
and the strategies to tackle critical barriers in translating miRNA
therapeutics from bench to bedside are extensively discussed.

The third paper by Salman et al. reviewed the impact of
genetic mutation on the non-coding part of the genome in
different types of cardiomyopathies (CM), including dilated
CM, hypertrophic CM, restrictive CM, arrhythmogenic right/left
ventricular CM, and left ventricular non-compacted CM. They
also summarized the role of intronic mutations in inherited
cardiomyopathy. They have described in detail the impact of
mutations in different genes on cardiomyopathy, including
myosin binding protein C3, NF-kappa B inhibitor-like protein
1, C-C motif chemokine ligand 2/monocyte chemoattractant
protein 1, spliceosome RNA helicase BAT1, 14-3-3 Epsilon,
dystrophin, plakophilin-2, frataxin, dystrophia myotonica-1
protein kinase, and neurite outgrowth inhibitor proteins.
They have elaborated the mutation in genes coding for in
islet-1 transcription factor, promoter, enhancer, miRNAs, 3′

and 5′ untranslated regions, and lncRNA in different types
of cardiomyopathy.

The fourth paper by Kambis et al. demonstrated the
functional roles of miR-133a in diabetes mellitus-induced cardiac
remodeling. The transcription of miR-133a is restricted to
the cardiac and skeletal muscles (12). MiR-133a is the most
abundant miRNA in the human heart (13). It protects the
heart against adverse cardiac remodeling including structural
remodeling such as hypertrophy (14) and fibrosis (15) and
functional remodeling such as contractility of the heart
(16). Decreased cardiac levels of miR-133a are reported in
cardiomyopathy (14) including diabetic cardiomyopathy (17–
19). However, whether the forced expression of miR-133a
could prevent diabetes-induced adverse cardiac remodeling
including the metabolic remodeling remained unclear. To
determine this, Kambis et al. created a novel strain of
diabetic mice where miR-133a was increased almost 2-fold
only in the heart. By comparing hearts with increased miR-
133a expression with diabetic heart with reduced miR-133a,
they revealed that increased cardiac levels of miR-133a could
prevent diabetes mellitus-induced cardiac hypertrophy, fibrosis,
and lipid deposition (metabolic remodeling) without altering
the blood glucose levels. They concluded that miR-133a
overexpression could be a promising therapeutic candidate to
prevent structural and metabolic remodeling in the diabetic
heart. Although increasing the levels of miR-133a in the
diabetic heart is cardioprotective, its anti-fibrotic effect may
not be beneficial in atherosclerotic coronary vessels, where
the fibrosis of the extracellular matrix stabilizes vascular
lesions from rupture. In both stable and unstable angina,
circulating miR-133a has increased levels (20). Reduced vascular
flow in coronary artery causes myocardial infarction (MI).
Plasma levels of miR-133a are elevated in patients with
acute MI, suggesting that miR-133a could be a promising
biomarker for acute MI (21). Overall, these findings suggest that

tissue-specific upregulation of miR-133a is crucial for mediating
its cardioprotective effects.

In conclusion, this Research Topic has provided fundamental
new insights on the biogenesis and regulatory mechanisms
of non-coding RNAs, as well as the impact of genetics and
differential regulation of non-coding RNAs in cardiovascular
diseases. It has also provided up-to-date knowledge on the
potential of non-coding RNAs, especially miRNAs, as biomarkers
and/or therapeutic candidates/targets for cardiovascular diseases.
A majority of these biomarkers are still in early preclinical
stages or clinical studies/trials. Finally, research findings that
miR-133a prevents diabetes-induced metabolic and structural
remodeling in the heart provides great therapeutic potential for
cardiovascular diseases. The current challenges to non-coding
RNA-based therapy for cardiovascular disease are pertaining to
efficient and targeted delivery of the non-coding RNA into the
specific region and/or cell type(s) of the heart. The heterogeneity
of the disease poses another layer of challenge to the non-
coding RNA-based therapy. For example, diabetes mellitus
(DM)-induced cardiomyopathy could be due to insulin resistance
(T2DM), insulin deficiency (T1DM), or both T1DM and T2DM
(in advanced chronic DM) phenotype. The metabolic status of
the heart differs in these three types of DM. Thus, targeting
a particular non-coding RNA could have differential effects on
these three types of DM heart. Thus, it will be important to
determine the levels of specific non-coding RNA in the DM heart
that correlate with the metabolic status of the DM heart. On
the contrary, circulating levels of non-coding RNAs correlated
with specific DM phenotypes and disease stages could serve
as promising biomarkers for disease progression. Additionally,
these biomarkers could be important for those diseases where
limited methods are available to clinically diagnose them such
as heart failure with preserved ejection fraction (HFpEF) (22).
Non-coding RNA could be a promising biomarker to identify
HFpEF and determine different stages of HFpEF. Thus, non-
coding RNAs have tremendous potential as both biomarkers and
therapeutic targets for cardiovascular diseases. The full potential
of non-coding RNAs in treating cardiovascular diseases could be
harnessed after developing strategies to restrict their off-target
effects and improving their delivery to the target tissues and
cell types.
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