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Abstract: In recent years, interest in non-coding RNAs as important physiological regulators has
grown significantly. Their participation in the pathophysiology of cardiovascular diseases is extremely
important. Circular RNA (circRNA) has been shown to be important in the development of heart
failure. CircRNA is a closed circular structure of non-coding RNA fragments. They are formed in the
nucleus, from where they are transported to the cytoplasm in a still unclear mechanism. They are
mainly located in the cytoplasm or contained in exosomes. CircRNA expression varies according to
the type of tissue. In the brain, almost 12% of genes produce circRNA, while in the heart it is only 9%.
Recent studies indicate a key role of circRNA in cardiomyocyte hypertrophy, fibrosis, autophagy and
apoptosis. CircRNAs act mainly by interacting with miRNAs through a “sponge effect” mechanism.
The involvement of circRNA in the development of heart failure leads to the suggestion that they
may be promising biomarkers and useful targets in the treatment of cardiovascular diseases. In this
review, we will provide a brief introduction to circRNA and up-to-date understanding of their role in
the mechanisms leading to the development of heart failure.
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1. Introduction

The studies in the last decade have demonstrated that 80% of our genome is transcribed,
but only 2% of the RNA constitutes protein-coding molecules [1]. This crucial discovery
made 10 years ago suggested that a definite majority of our genes are transcribed to protein
non-coding RNA (ncRNA). Many ncRNA categories have been characterised and classified.
The most frequently used classification takes into account the size of molecules. Shorter
(<200 nucleotides) are classified as small ncRNAs, including microRNA (miRNA), while those
exceeding 200 nucleotides are regarded as long non-coding RNAs (lncRNAs). The lncRNA
family includes both linear and circular forms of RNA. Although it was earlier believed that
circular RNAs (circRNAs) occur rarely compared with linear information RNAs, the recent
studies have demonstrated that circRNAs can be relatively abundant and are the predominant
transcripts of even hundreds of genes [2]. These circular molecules are ubiquitous in humans
and until now more than 30,000 different circRNAs have been identified [3]. The fact is
however alarming that they contribute to the development and progression of many diseases,
playing an important role in the pathogenesis of cardiovascular diseases.

Cardiovascular diseases (CVDs) are still the main cause of death and invalidity world-
wide [4]. In spite of vast progress in the treatment of CVDs, a full use of RNAs in the therapy
and diagnostic procedures is still not possible in view of the encountered technical difficulties,
which decelerate and/or even render their full clinical use impossible. Recent studies have
suggested a potential of miRNA molecules in the treatment of patients with CVDs [5–7]. LncR-
NAs have also emerged as potential diagnostic and therapeutic targets in CVDs [8,9]. The
information of the role of circRNAs in the development of heart diseases and their importance
as the diagnostic biomarkers and also new therapeutic trends is still insufficient.
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2. Biogenesis and Functions of circRNAs

The precise mechanisms underlying the biogenesis of circRNAs still remain unclear.
Several possible biogenesis mechanisms have been proposed as yet. The spliceosomal
machinery is regarded as the basic procedure of circRNAs formation. Reversed, repeating
elements and RNA-binding proteins can connect donor-splice and acceptor-splice sites
through appropriate pairing of bases [10] or binding to definite motifs [11], what contributes
to intron looping. Then, exonic circRNA (ecircRNA) or exon-intronic circRNA (eicircRNA)
are formed after intron splicing. The next significant mechanism of circRNAs biogenesis is
lariat formation. The spliced lariat after formation of terminal mRNA can contain exons
due to alternative splicing (omitting of exons) or only introns, which leads to biogenesis of
ecircRNA or circular intronic RNA (icircRNA) [12]. Simplified spliceosome machinery is
present in Figure 1.
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Figure 1. Biogenesis of circRNA. The spliceosome mechanism that normally catalyzes the linear
splicing of pre-mRNA s can also perform a back-splicing reaction between two exons, resulting in
the formation of circRNA. Back-splicing uses the same canonical splicing machines and canonical
splicing sites that are needed for linear splicing. Mechanically, backsplicing requires that the donor
and acceptor sites of backspliced exons are in close proximity to each other. This can be achieved
by direct pairing of RNA bases of inversely complementary sequences in the introns flanking the
backspliced exons which bind to these flanking introns.

In this respect, circRNAs can be divided into three types depending on the derivative
of components: ecircRNAs (formed from exons) [13], icircRNAs (formed from introns) [14]
and eicircRNAs (formed both from exons and introns) [15] (Figure 2). Most of the known
circRNAs are formed from exons, while ecircRNAs and eicircRNAs only constitute their
small pool [16].
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Compared with miRNA and lncRNA, studies on circRNA are still insufficient and
require much commitment. It has been demonstrated that circRNAs play an important
role at many developmental stages and pathophysiological conditions: acting as miRNA
sponges [17], interacting with RNA-binding proteins (RBP) [18], acting as transcription
or translation regulators [15], affecting pre-mRNA splicing [19] and also participating in
translation of proteins [20] (Figure 3). The most frequently described function of circRNAs
is the activity as a miRNA sponge. The term “miRNA sponges” highlights the function
of circRNAs as competitive inhibitors, which contain multiple miRNA-binding sites and
prevent miRNAs from binding to mRNA targets. CircRNAs comprise miRNA response
elements (MREs), which advance binding between circRNA and miRNA. Such binding
leads to a reduction of the target gene expression through degradation of RNA-induced
silencing complex, or through limitation of mRNA translation [21–23]. This reaction can also
reduce the level of functional miRNAs and increase the expression of target mRNAs [21,24].
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Figure 3. Functions of circular RNAs. (a) Ribosome. In the presence of internal ribosomal enter sites and
a corresponding open reading frame, circRNAs can affect protein translation. (b) miRNA. CircRNAs
can sponge the miRNAs to act as a cytoplasmic miRNA inventory. The scavenging of miRNAs removes
the repression of target RNAs leading to an increase in their translation (in the case of mRNA) or
activity (in case of lncRNA). (c) Protein. CircRNAs can act as a sponge for cytoplasmic proteins, retain
certain transcription factors in the cytoplasm, or serve as a carrier for the transport of these molecules.
(d) Substrate. CircRNAs can act as a scaffold for enzymes leading them to specific locations.

The term “miRNA sponges” stresses the function of circRNAs as competitive in-
hibitors, which contain many miRNA-binding sites and prevent miRNA binding to the
target mRNA. A significant breakthrough was the study by Memczak et al. [25], in which
CDR1as and its binding sites for miR-7 were described. Since that time the function of
circRNAs as miRNA sponges has attracted the interest of many biologists, calling the
attention to the extensive influence of circRNAs on the activity of various miRNAs. Here,
are some of the more important examples. It has been demonstrated that circFOXk2 pro-
motes cell growth, migration, invasion and apoptosis—binding to many sites and acting as
a miR-942 sponge [26]. CircALMS1_6 can participate in the regulation of heart remodelling,
functioning as a miR-133 sponge [27].

Apart from miRNA sponges, circRNAs also can function as protein sponges (Figure 2),
i.a. as RBP sponges, and RBPs can also participate in back-splicing [28–33]. RBPs, being
the proteins participating in the transcription and translation of genes, enter interactions



Int. J. Mol. Sci. 2022, 23, 14129 4 of 13

with circRNAs, leading to inhibition of RBP proteins [33,34]. CircMbl absorb MBL proteins
and regulate further physiological processes [19]. CircPABPN1 can bind to HuR in order to
suppress translation of PABPN1 mRNA [35]. CircANRIL competitively recruit PES1 for
inhibition of ribosome biogenesis [36]. CircFoxo3 interact with various RBPs and participate
in cardiomyocyte ageing processes and progression of cell cycle [37]. CircAmotl1 can protect
cardiomyocytes and promote cell proliferation and also wound healing through binding to:
PDK1, AKT1 and STAT3 [38,39].

3. CircRNAs in the Development of Heart Failure

Coronary artery occlusion leads to myocardial infarction (MI), which causes necro-
sis of a myocardial area, pathological remodelling (cardiac hypertrophy, cell death and
fibrosis) and heart dysfunction [40,41]. Under such circumstances, myocardial contractility
decreases and/or haemodynamic workload increases. The heart produces then a number of
adaptive changes in order to maintain cardiac output. Cardiomyocyte hypertrophy and fi-
brosis are typical features of remodelling in the process of heart failure development [42,43].
A gradual loss of cardiomyocytes is the main cause of reduced heart function [44]. Apart
from cell necrosis and apoptosis, autophagy also plays an important role in cardiomyocyte
loss [45]. Furthermore, diabetes mellitus is also an important risk factor for the development
of heart failure.

3.1. Myocardial Infarction

Recent evidence suggests that circRNAs play a role in the pathogenesis of acute
myocardial infarction. CircRNA, MICRA (myocardial infarction-related circular RNA)
plays a role in heart failure in patients with MI [46]. Vausort et al. demonstrated reduced
MICRA levels in patients with MI. They also found that a lower MICRA level was related
with a higher risk of left ventricular dysfunction [47]. It has been recently demonstrated that
circular RNA originating from the related gene Fndc3b is downregulated in murine heart
after MI [48]. Besides that, the presence of circFndc3b in cardiac endothelial cells enhanced
the function of the endothelial cells and protected cardiomyocytes against death [48]. Cai
et al. [49] demonstrated a cardioprotective role of circRNA Ttc3 via miR-15b sponging in
myocardial infarction model in rodents.

CircHipk3 plays a significant role in many physiological and pathological conditions.
The experiments conducted by Si et al. [50] provided evidence of an important role of
circHipk3 in the regeneration of the heart after AMI. The expression of circHipk3 has also
been found to be increased in the hearts of newborn mice. An important observation is that
inhibition of circHipk3 expression also leads to inhibition of proliferation of cardiomyocytes.
On the other hand, overexpression of this circRNA is associated with a decrease in cardiac
dysfunction, which translates into a reduction in the area of fibrosis after AMI. This effect
of CircHipk3 on cardiomyocyte proliferation is associated with increased acetylation of
the Notch1 intracellular domain (N1ICD) leading to its stability [51]. CircHipk3 also acts
as a sponge for miR-133a. In this conditions, activation of expression of connective tissue
growth factor (CTGF) occurs and leads to the activation of endothelial cells [50]. Circular
RNA-7 (ciRS-7) features the classic miRNA sponging action. It has been confirmed that
ciRS-7 has over 70 miR-7 binding sites [25,51,52]. Geng et al. [53] reported increased ciRS-7
expression after myocardial infarction in the cardiac tissue. In addition, when ciRS-7 level
was increased by a lentiviral-based overexpression in a rodent MI model an increase the
extent of myocardial infarction was also observed. The authors have also stated in this
paper that ciRS-7 by sponged miR-7 affect the axis of PARP/SP1, and thus regulates the
apoptotic pathways [53].

3.2. Diabetic Cardiomyopathy

Diabetic heart disease or cardiomyopathy is defined as the presence of abnormal
structure and function of the myocardium in diabetic individuals who do not have CAD,
hypertension, or heart valve dysfunction [54]. Rubler et al. [55] reported this pathological
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condition for the first time in 1972. Initially, it is asymptomatic, but during this period, many
changes occur at both the molecular and cellular levels, which result in diastolic dysfunction
and then systolic dysfunction, leading to the development of heart failure [56,57].

After all, many clinical trials of cardiovascular disease in diabetic patients have already
been carried out, effective pharmacological interventions in DCM remain inadequate. Both
hyperglycemia and metabolic disorders lead to the overproduction of ROS, and then the accu-
mulation of damaged DNA, proteins and lipids. These changes stimulate cellular dysfunction
or apoptosis, causing chronic inflammation, fibrosis and vascular dysfunction, ultimately
leading to DCM [58]. Inflammation, as a major feature of DCM pathogenesis, is generally sig-
nificantly severe in both patients and animal models of type 1 and type 2 diabetes (T1 DM and
T2 DM). At the same time, it was noted that in the diabetic heart there were significantly more
inflammatory cells and pro-inflammatory factors [54,59,60]. In addition, vascular endothelial
dysfunction is highlighted as a key and frequent cause of DCM.

Recent evidence indicates that circRNAs play an important role in the pathogenesis
of DCM. An excellent review by Wan et al. [61] has recently been published, in which
the authors described in detail the involvement of circRNA in diabetic cardiomyopathy.
However, we present only the participation of some circRNA molecules in the pathogenesis
of diabetic cardiomyopathy. Previous studies have indicated that miR-384 is involved in
DM-related vascular disease [62]. An extremely interesting report was the observation
that the RNA-binding protein, known as the Lin-28 homologue B (LIN28B), considered
an oncogene, is strongly involved in diabetic complications [63,64]. Moreover, CircBPTF
(circ_0045462)—a new circRNA, is back-coupled by the bromodomain finger transcription
factor PHD (BPTF) and circBPTF expression is strongly elevated in human umbilical vein
endothelial cells (HUVEC) treated with high glucose concentrations [65]. Disorders such
as oxidative stress, inflammation or endothelial dysfunction underlie dysregulation of
circBPTF, miR-384 and LIN28B [61,66]. Bioinformatics analysis showed that miR-384 is
a target for circBPTF and is decreased in HUVEC subjected to high glucose concentrations.
The experimental studies carried out for this purpose clearly confirmed that LIN28B is
a target for miR-384 and at the same time miR-384 can positively regulate the expression of
LIN28B. In the high glucose (HG)-induced HUVEC model, attention was paid to increased
cell viability and inhibition of cell apoptosis, release of pro-inflammatory cytokines and
oxidative stress. At this experimental conditions, expression of miR-384 and LIN28B was
regulated by lowering circBPTF [61,66]. In addition, it was found that the action of the miR-
384/LIN28B axis in HUVEC by lowering circBPTF was able to attenuate the inflammation
induced by high glucose levels and oxidative stress. Not surprisingly, oxidative stress,
inflammation and endothelial dysfunction play an important role in DCM, while the
circular RNA: circBPTF indicates the possibility of an effective intervention (Table 1).

Table 1. CircRNAs involvement in the pathogenesis of diabetic cardiomyopathy.

Diabetic Cardiomyopathy

CircRNAs Expression Targets Place of Action Effect References

CircBPTF ↑ miR-384 ↓ Endothelial cells Endothelial dysfunction [65,66]

CircRNA_000203 ↑ miR-26b-5p ↓ Myocardial fibroblasts Fibrosis [67]

CircRNA_010567 ↑ miR-141 ↓ Myocardial fibroblasts Fibrosis [68]

CACR ↑ miR-214-3p ↓ Cardiomiocytes
Inflammation

Pyroptosis
Apoptosis

[69]

3.3. Cardiac Hypertrophy

Cardiomyocyte hypertrophy is one of the basic adaptive mechanisms after heart in-
juries due to myocardial infarction [70]. Heart-related CircRNA (HRCR) has been known
for inhibition of cardiac hypertrophy through miRNA-223 sponging [55]. Wang et al. [71]
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observed in transgenic mice that miRNA-223 overexpression caused cardiac hypertrophy,
while in mice with miRNA-223 knock-out no signs of cardiac hypertrophy were found. HRCR
overexpression abolished cardiac hypertrophy in miR-223 transgenic murine model. These
results suggest that HRCR acts as a miR-223 sponge in order to reduce the hypertrophic
response of the heart. In another paper, Li et al. [72] reported that circRNA_000203 induced
cardiac hypertrophy through inhibition of miR-26b-5p and miR-140-3p. Moreover, a sig-
nificantly increased cardiac hypertrophy and cardiac function impairment were found in
a model of Ang-II-induced hypertrophy in transgenic circRNA_000203 (Tg-circ203) mice. Cir-
cRNA_000203 acts as a sponge for miR-26b-5p and as a sponge for miR-140-3p and increases
the level of GATA4-binding protein, which leads to increased cardiac hypertrophy [72].

Lim et al. [73] studied the circSIc8a1 circular RNA, present in high amounts in the
cardiomyocytes, and its role in cardiac hypertrophy. The authors, using a murine cardiac
hypertrophy model with pressure overload, knocking down circSIc8a1, observed a suppressed
cardiac hypertrophy. On the other hand, an AAV9-mediated application forced a circSIc8a1
expression increase, causing myocardial hypertrophy followed by myocardial failure. In
such situations an in vivo application of artificially generated circular RNA sponges supplied
by adenovirus-mediated way to the heart as competitive inhibitors of miR-132 and miR-
212, proved helpful, resulting in restoration of the cardiac function and preventing cardiac
hypertrophy as a consequence of trans-aortic constriction (TAC) injury [74].

3.4. Cardiac Fibrosis

Cardiac fibrosis is another form of heart remodelling and is frequently characterised
by proliferation and activation of myofibroblasts followed by excessive deposition of
extracellular matrix (ECM) components in the myocardium, leading to heart failure devel-
opment [75,76]. Macrophages provide complete homeostasis in the myocardium, but when
a cardiac injury occurs, macrophages quickly proliferate and serve as suppliers of inflam-
mation and fibrosis mediators through release of various inflammatory cytokines or many
growth factors, and through deposition of ECM components [77,78]. In cardiac fibrosis,
circNFIB interacts with endogenous miR-433 to counteract proliferation of fibroblasts and
stops the intensification of cardiac fibrosis [79]. Conversely, circHIPK3 promotes fibroblast
accumulation through suppression of miR-29b-3p [80]. In cardiac fibroblast, circRNA
affects the release pro-inflammatory cytokines. It has been shown, circ_010567 acts as the
miR-141 sponge. In consequence the interaction of miR-141 with TGF-β1 (tumor growth
factor β1), changes the expression of profibrotic proteins [68,81]. Increased expression of
circ_000203 in diabetic and Ang II-induced murine fibroblast was observed. This circRNA
is able to interacts with miR-26b-5p and leading to inhibition expression of CTGF and
α-SMA (alpha smooth muscle actin) in cardiac fibrosis. Thus, as a result of miR-26b-5p
inhibition, extensive fibrosis occurs [67,81].

3.5. Autophagy and Apoptosis

Autophagy is an evolution-preserved important process of intracellular material
turnover. In the process some damaged proteins or organelles are wrapped in a double
membrane structure of autophagous vesicles and then absorbed into lysosomes or vacuoles
for degradation and recycling [82,83]. The body of evidence is growing that autophagy is as-
sociated with heart failure [84]. An analysis of circRNAs micromatrix with the use of murine
circRNA_006636 as an internal reference gene, demonstrated a significantly reduced ex-
pression of autophagy-related circRNA (ACR) in murine heart with ischaemic-reperfusion
injury. Besides that, exogenous ACR can also improve myocardial dysfunction caused by
ischaemic/reperfusion injury. Further studies have demonstrated that ACR can activate
Pink1 expression through binding to Dnmt3B and blocking of methylation of the DNA of
Pink1 promoter by Dnm3B. Later, an activation of FAM65B expression and inhibition of
cardiomyocyte autophagy occur in the process of heart failure development [85].

Apoptosis is a mechanism of spontaneous and arranged cell death, controlled by genes
in order to maintain a stable internal environment [86,87]. Wencker et al. [87] discovered in



Int. J. Mol. Sci. 2022, 23, 14129 7 of 13

a murine model that inhibition of cardiomyocyte apoptosis prevented to a significant extent
the development of heart dilation and systolic dysfunction, what suggests that apoptosis of
the cardiomyocytes may be the causal mechanism of heart failure.

In recent years, it has been demonstrated that circRNAs regulate heart failure, par-
ticipating in the process of cardiomyocyte apoptosis. In healthy individuals, the heart is
provided with mitochondrial machinery supplying it with adequate amount of energy,
fully meeting the requirements of cardiomyocyte functioning. In the case of dysfunction
concerning mitochondrial fission as a mechanism of mitochondrial quality control, it can
lead to the development of various heart diseases including myocardial infarction or heart
failure [88,89]. MTP18 is a nuclear-encoded mitochondrial membrane protein, control-
ling mitochondrial fission [90]. Wang et al. [88] have demonstrated that MTP18 mediates
mitochondrial fission and apoptosis of the cardiomyocytes. They have discovered that
miR-652-3p regulates MTP18 expression at translation level but does not change MTP18
mRNA expression. Further studies have revealed that circRNA, mm9-circ-016597 (MFACR),
which is significantly stronger expressed in murine heart after ischaemia/reperfusion, can
act as a miR-652-3p sponge and regulate the expression and activity of MTP18. In this
way a regulatory pathway was obtained of mitochondrial fission and apoptosis in the
cardiomyocytes, consisting of MFACR/miR-652-3p/MTP18 [88] (Table 2).

Table 2. CircRNAs involved in the development of heart failure.

CircRNAs Expression Targets Subcellular
Localization

Affected
Pathway Effect References

Cardiac hypertrophy

Circ-HRCR ↓ miR-223 Cytoplasm ARC axis Reduces hypertrophy and
heart failure [70]

CircRNA_000203 ↑ miR-140-3p or
miR-26b-5p Cytoplasm GATA4 axis

Exacerbates cardiac
hypertrophy

Excludes the anti-fibrotic
effect of miR-26b in mouse

CFs

[72]
[67]

CiRS-7 ↑ miR-7 Cytoplasm PARP/SP1 Worsens cardiac function [53]

Cardiac fibrosis

CircNF1B ↓ miR-433 Cytoplasm Fibroblast
proliferation

Supports protection
against cardiac fibrosis,

attenuates fibrosis of
cardiac

[79]

CircHIPK3 ↑ miR-29b-3p or
miR-17-3p Cytoplasm ADCY6 axis

Advances fibrosis of
cardiac by up-regulating
fibrosis-associated genes

[80,91]

CircRNA_010567 ↑ miR-141/TGF Cytoplasm β1 axis

Reduces
fibrosis-associated Col I,

Col III
and α-SMA

protein expression

[68]

CircRNA_005647 ↓ miR-27b-3p Cytoplasm DAPK Reduces expressions of
fibrosis-related genes [81]

Circ_LAS1L ↓ miR-125b Cytoplasm SFRP5 axis

Reduces the activation,
proliferation and

migration of cardiac
fibroblasts

[92]

CircPAN3 ↑ miR-221 Cytoplasm FoxO3/TG7 Advances cardiac
fibrosis post-MI [93]
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Table 2. Cont.

CircRNAs Expression Targets Subcellular
Localization

Affected
Pathway Effect References

Autophagy and apoptosis

CircACR ↓ Pink1 Cytoplasm FAM65B axis
Extinguish autophagy to

attenuate myocardial
ischemia/reperfusion injury

[85]

Circ-MFACR ↑ miR-652-3p Cytoplasm MTP18 axis
Advances mitochondrial

fission and
cardiomyocyte apoptosis

[71]

Circ_Ttc3 ↓ miR-15b Cytoplasm Arl2 axis
Causes cardioprotection

by reducing
cardiomyocyte apoptosis

[49]

CircFndc3b ↑ RNA binding
protein Nucleus FUS/

VEGF-A axis

Extinguish cardiomyocyte
apoptosis, improves

neovascularization and
pick up left ventricular

function in post-MI events

[48]

CircNfix ↑ miR-214 Cytoplasm YBX1/NEDD4L

Extinguish cardiomyocyte
proliferation,

angiogenesis and
increases CM apoptosis

[22]

ADCY6—adenylate cyclase type 6; ARC—apoptosis repressor with CARD domain; Arl2—ADP ribosyla-
tion factor-like protein 2; ATG7—Autophagy related 7 protein; DAPK—death associated protein kinase;
FoxO3—forkhead box O3; FUS—fused in sarcoma; Gata4—GATA binding protein 4; NEDD4L—neural precursor
cell expressed developmentally downregulated gene 4-like; PARP—poly (ADP ribose) polymerase; Pink1—PTEN
induced putative kinase 1; SFRP5—secreted frizzled-related protein 5; SP1—stimulatory protein 1;VEGF—vascular
endothelial growth factor; YBX1—Y box binding protein 1.

4. Conclusions

Recently, many circRNAs have been identified, characteristic of patients with cardio-
vascular diseases, including particularly heart failure. CircRNAs in various cell types fulfil
diverse functions both under physiological and pathological conditions, such as silencing
of transcription and translation and/or suppression of definite mRNAs. Nevertheless,
the still insufficient description of circRNAs molecules remains a growing problem in the
field of circRNAs studies; frequently, even an incoherent nomenclature of circRNAs is
encountered. Detailed information is also lacking on the genomic location of each circRNA,
and the functionality of many circRNAs still remains a great question mark.

CircRNAs have a crucial potential as molecular markers for diagnosing, prognosti-
cation and monitoring of diseases, not only cardiovascular ones, but also tumours and
autoimmune disorders. That results from the fact that circRNA molecules are degraded by
exonucleases, in view of their closed circular structure. It has been found that circRNAs
are present in significant amounts in many body fluids, including plasma [94], serum [95]
and saliva [96], and also in exosomes [97]. In view of their so widespread occurrence,
circRNA molecules can open in the future many new diagnostic and therapeutic possi-
bilities. CircRNAs are increasingly recognized as a promising biomarker and may play
a significant role in therapeutic targets in a variety of diseases [98,99]. Currently, circRNA
has become the subject of modern research, especially in the field of effective diagnostics
and therapy, thanks to the presence of unique structural features, biological properties
and biological functions [100]. Additionally, given their structural stability and presence
in exosomes, circRNAs can act in an autocrine, paracrine, and even endocrine fashion.
CircRNAs are widely distributed not only in cells but also in the extracellular space and
various body fluids. The above-mentioned characteristics of circRNA confirm that they
can be ideal biomarkers. Each newly discovered type of RNA molecule was assessed for
biomarker potential. A bioinformatic analysis and computational biology based on the con-
cepts of systems biology allowed the discovery of messenger RNA [101], miRNA [5,6,102]
and lncRNA [8,9,103,104] as biomarkers of cardiovascular disease. Blood transcripts have
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been shown to be a rich inventory of potential biomarkers of cardiovascular disease [105].
However, the role of circRNA biomarkers in cardiovascular disease has only recently been
suggested. Salgado-Somoza et al. [47] examined patients after myocardial infarction and
showed that circRNA appears to be a predictor of the development of heart failure within
several months after the event. The circRNA MICRA also provided much prognostic
information for other known biomarkers and risk factors [46,47].

5. Future Directions and Perspectives

The strategy of circRNA-based therapies depends on their stability, differential expres-
sion in different organs, and specificity for a particular disease [106]. As with miRNAs, the
likelihood of producing significant and undesirable off-target effects can greatly reduce
the use of circRNA as a therapeutic agent. In addition, it is worth noting that the greater
the specificity of the circRNA for a given organ or disease, the less likely it is to have
out-of-target effects. A prerequisite and at the same time very important in RNA-based
targeted therapy for specific diseases is an understanding of the role of specific circRNAs.
On the other hand, the use of ncRNA conjugation to tissue-specific antibodies and/or
peptides increases tissue/cell specificity while decreasing off-target effects. However, more
intensive research is needed to determine both the therapeutic potential and the therapeutic
use of circular RNAs.
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