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Abstract: Circular RNA (circRNA) is a type of RNA molecule mainly formed by a covalent bond. There
is a large number of circRNA in vivo, which has tissue and cell specificity. Research related to this shows
that circRNA plays an essential role in the pathogenesis, diagnosis and treatment of cardiovascular diseas
es. This review summarizes the research of circRNA in biosynthesis and function, studies the role of circ
RNA in cardiovascular diseases, and proposes a new method for diagnosing and treating cardiovascular di
seases.
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Introduction

In 1976, it was found that there were viroids in some plants, which were made up of circular RNA (circR
NA) and caused infectious diseases to plants . Subsequently, several studies **" carrying out in-depth
research on this observed the presence of circRNA in the human cytoplasm using electron microscopy.
Although circRNA was observed by electron microscope, no attention was paid to it because of its low ex

pression. Only when circRNA was ubiquitous in different plants and animals was recognized that circRN
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A was of great significance to organisms and plants. It has been found that circRNA exists in many tissue
s and organs and has a wide distribution and strong stability . Unlike traditional linear RNA, circRNA

cannot easily be degraded by exonuclease. Thus, it has a more stable performance. CircRNAs can play ar
egulatory role in genes and participate in various pathological processes. At present, circRNA plays an im
portant role in a series of cardiovascular diseases such as atherosclerosis and myocardial infarction. There
fore, this paper reviews the relationship between circRNA and cardiovascular diseases, aiming to provide

new ideas and targets for diagnosis and treatment of cardiovascular diseases [6-8]. Zhao, 2019, also highli
ghted the significance of circRNAs in the context of its biological formation, mechanisms performed by it
, and its functional attributes 2020"%,

1. Classification of circRNAs

CircRNAs were previously thought to be non-coding molecules produced by splicing errors. Recently, evi
dence shows that circRNAs are widespread and diverse in eukaryotic cells. Because of the lack of toucha
ble end, circRNAs can avoid degradation by exonuclease; therefore, they are more stable than linear RNA
. However, the formation mechanism and cellular function of circRNAs are not clear. As a member of no
n-coding RNAs, circRNAs have a unique covalent closed-loop structure, making them different from othe
r non-coding RNAs, such as long non-coding RNAs (IncRNAs) and micro RNAs(miRNAs). High throug
hput sequencing technology has detected a large number of circRNAs with different lengths and types. Se
quencing data analysis shows that they are expressed explicitly in developmental stages and are conservat
ive between mice and humans. The latest research shows that circRNAs have many biological functions a
nd play an important role in many diseases. VO et al. found that in more than 2000 tumour samples, the t
otal amount of circRNA was generally reduced compared with adjacent normal tissues 2.

With the development of sequencing technology, several types of circRNAs have been found and identifi
ed, mainly including four subtypes: exon type circRNAs (ecircRNAs), which mainly come from one or m
ore exons; ring intron type circRNAs (lincRNAs), which only contain introns; exon-intron type circRNAs
(eicircRNAs), which are composed of exons and introns; tRNA intron type circRNAs Na (tricRNAs) whi
ch is formed by splicing the introns of pre tRNA. So far, most of the identified circRNAs are ecircRNAs.

As shown in Figure 1A below is a lasso-driven cyclization. When pre-mRNA is spliced, the splicing rece
ptor of the upstream exon and the downstream donor is close to producing a lasso structure containing the
exon and the intron. After the intron in the lasso structure is removed, the exon is connected by the phosp

hodiester bond to form ecircRNAs.
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Furthermore, 1B shows the cyclization driven by RNA binding protein (RBP). RBPs can promote the inte
raction between upstream intron and downstream intron and finally produce ecircRNA. Figure 1C shows t
he cyclization driven by base pairing. The upstream intron and downstream intron are based on the seque
nce complementary pairing of reverse repeat and complementary, and the intron is removed or retained to
form eiciRNA or eiciRNA respectively.Fig. 1D shows the formation of circRNA "*!. The formation of cir
cRNA mainly depends on a 7 NT Gu enrichment element and an 11 NT C enrichment element to avoid its

de branching and degradation by exonuclease.
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Figure 1: Formation of tricRNA
TRNA cleavage enzyme divides pre tRNA into two parts, one of which forms tricRNAs through

3 '- 5' phosphate diester bond, the other produces tRNAs
2. The mechanisms of circRNAs

The mechanisms of circRNAs in human cancer are diverse, including miRNA sponges, epigenetic regulat

ion, regulating gene splicing or transcription, translating into proteins or peptides and interacting with pro
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teins. According to the target genes of circRNAs, there are two types: one is to regulate its host gene; the
other is to target other genes ""*.

2.1 As miRNA Sponges:

Currently, the main research direction of circRNAs is to use circRNAs as miRNA sponges or to translate t
hem into short peptides to play their functions ',

As shown in Figure 2D, circRNAs can affect the expression of genes by adsorbing miRNAs. For example
, CIRC HIPK3 can adsorb miR-7 and reverse the proto-oncogenes (EGFR, YY1, FAK, IGFIR) targeted b
y miR-7, thus promoting the progress of colorectal cancer '*'”,

With the development of deep ribosome sequencing and mass spectrometry, many studies have recently i
dentified and confirmed that some non-coding RNAs (including circRNAs) can encode proteins or small
peptides. As shown in Figure 2F, for example, circRNAs derived from linc-pint can encode short peptides
with 87 AA, which can directly interact with polymerase related factor complex (paflc), thus, inhibiting t
he transcription of extension of a variety of cancers genes. CircRNA FBXW7 can also encode tumour rela
ted protein FBXW7-185aa, which can resist the stability of c-myc protein induced by USP28, thus reduci
ng the half-life of c-myc protein; short peptide SHPRH-146aa encoded by circ-SHPRH can mediate the u
biquitination and degradation of PCNA !"*],

2.2 Epigenetic and post-translational regulation:

CircRNAs can also play an important role in epigenetic regulation and post-translational regulation. For e
xample, in Figure 2c, circna fecrl1 originated from FLI1 gene can interact with FLI1's promoter, and gener
ate extensive demethylation in the CpG island region of FLI1 gene by recruiting demethylase Tetl. At the
same time, circRNA fecrl can be combined with the promoter region enriched in h3k27ac of DNMT]1 ge
ne, thus inhibiting the expression of methyltransferase DNMT1 gene. As shown in Fig. 2E, circRNAs can
regulate their activity or affect their expression by binding proteins. For example, circ-foxo3 can bind M
DM2 and p53. When circ-foxo3 binds MDM2, it can enhance its polyubiquitin effect on p53, promotep53
degrade through the proteasome pathway "',

2.3 Regulation of expression of the host genes:

Furthermore, circRNAs can also regulate the expression of their host genes.

As shown in Figure 2 below, the formation of circRNAs can compete with linear RNAs for their common
pre mRNA, thus affecting the abundance of linear RNAs. The circRNAs containing introns, introns can i
nteract with U1 snRNP through RNA-RNA interaction and then combine with pol II transcription comple

xes, interacting to enhance the expression of their maternal genes *°'.
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2.4Translation of circRNA into proteins:

In addition to its function at the RNA level, circular RNA has been reported to translate into proteins like
linear mRNA molecules. For example, hepatitis 6, a circular RNA molecule in the hepatitis B virus, can e
ncode a virus-related protein and play a role in the occurrence of diseases. However, at present, this pheno
menon is only observed in viruses. The circular RNA molecules containing ATG initiation codon in eukar
yotes can be recognized by ribosomes like linear mRNA for protein translation.

2.5 Translation of proteins:

CircRNA has been considered as non-coding RNA since it was found. The vast majority of circRNAs are
derived from different protein-coding sequences and open reading frames, ubiquitous in the cytoplasm. T
herefore, researchers have long believed that circRNA has the potential to translate proteins. As early as 1
995, there was a literature report on circRNA. It is believed that some circRNA can effectively translate p
roteins. Circ-fbxw7 is a circRNA formed by cyclizing exon 3 and exon 4 of the tumour suppressor gene F
bxw7. It can translate a 185 amino acid protein fbxw7-185aa. Fbxw7 regulates the stability of proto-onco
gene c-myc through ubiquitination. At the same time, fbxw7-185aa can cooperate with Fbxw7, reduce the
expression of c-myc, and promote the ubiquitination and degradation of c-myc, thus inhibiting the occurr
ence of glioma. These studies break the understanding that circRNA is non-coding RNA, and have a new
understanding of circRNA. However, through the translation of exogenous circRNA, there is direct evide

nce that endogenous circRNA can also be translated.
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Figure 2: The formation of circRNAs process
3. Functional significance of CircRNAs
CircRNA mainly exists in the cytoplasm and has been found in exosomes of the culture medium. CircRN
A is related to the development of tissues and organs and may play a role in various disease processes. Its
function is still largely unknown:

(1) A few circRNAs act as "sponges" of miRNA;

(2) Some circRNAs can "sponge" other factors, such as RNA binding proteins

(3) A large number of circRNA may have other unknown regulatory functions;

(4) Increased evidence suggests that circRNA may not be a real non-coding RNA type, at least some o

f which are translatable **>",

Although many circRNAs may have biological functions, it is still likely that a large number of circRNAs
may be insignificant by-products of the splicing of precursor mRNA **/,

3.1 CircRNA protein interaction

Some of the endogenous cytosolic circRNA can be used as scaffolds to regulate protein-protein interactio
n. Some RNA binding proteins (RBPs) can combine with circRNA to form competition between circRNA
and its homologous mRNA, in which RBP affects translation. Moreover, our review of the available stud
ies noted that some circRNA could regulate the expression of its binding protein by regulating protein-pro
tein interaction *,

3.2 Detection of circRNA protein interaction

The global bioinformatics analysis of circRNA sequence showed that there was no enrichment in the bind
ing sites of RBP compared with linear mRNA. However, the third-order structure of circRNA may have
more influence on protein binding than linear RNA sequence. So far, the interaction between circRNA an
d protein has been analyzed mainly by RNA pull-down assay or RNA immunoprecipitation (RIP) **.

The probe for reverse splicing point is the unique sequence element of circRNA. (1) In RNA pull-do
wn assays, RNA is pulled down by probes to allow an analysis of related proteins. The use of circRNA ov
erexpression and silencing techniques will help identify RNA protein interactions by quantitatively compa
ring pull-down circRNA with specific pull-down proteins **'.

(2) RNA binding protein immunoprecipitation assay (RIP) followed by circRNA sequencing is anoth
er feasible strategy for analyzing circRNA protein interaction.

(3) RNase protection assay (RPA) is an effective method to detect RNA and RNA fragments in cell e

xtracts. RPA can also be used to map protein RNA interactions.
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(4) Microscopically analyzing the co-location of circRNA and protein is another strategy to identify t
he interaction between circRNA and protein °.
3.3 Dynamic circRNA protein interaction
There is sufficient evidence showing that circRNA expression is dynamic and allows for different spatial
and temporal expression profiles. CircRNA may form different third-order models, which prefer to bind s
pecific proteins. Some third-order models may exist dynamically in some tissues and cells, resulting in dif
ferent affinities with binding proteins. Because of the strong influence of solvent and metal ions on the dy
namic third-order structure of circRNA, the main third-order structure of circRNA may be different in diff
erent cell lines, tissues and development stages """,
3.4 RNA protein interaction affects the dynamic expression of circRNA and protein
CircRNA binding proteins play a key role in the regulation of circRNA synthesis and degradation. It has
been shown that RNA circulation is promoted by complementary sequences and regulated by specific RN
A binding proteins. RNA protein interaction can also promote the formation of circRNA by stabilizing co
mplementary sequences or by inhibiting canonical splicing. RBP can be used as an activator or inhibitor o
f circRNA formation and regulate the expression level of circRNA. Because of the high stability of circR
NA and its assumed resistance to exonuclease degradation, there may be cellular mechanisms controlling

the level of circRNA P!, At least some degradation pathways of circRNA can be mediated by endonuclea

se cleavage. RNA protein interaction affects protein expression, function and biogenesis.

3.5 CircRNA for targeted therapy

Our recent studies have shown that the conjugation of circular RNA expression plasmids with nanoparticl
es is a useful method for the delivery of circular RNA. Because nanoparticles cannot enter the nucleus, th
e treatment can only focus on exon cyclic RNA, which is mainly detected in the cytoplasm ", Because of
its high delivery efficiency, siRNA or AON delivery will be a valuable method in the future.

4. CircRNA and cardiovascular diseases

CircRNA is a kind of RNA with a ring structure composed of covalent bonds. The main method for RNA

detection is to isolate linear RNA molecules with polyadenylate tail (Polya) structure. In recent years, to i
dentify circRNA by genes, after extracting the total RNA, the researchers remove the ribosome RNA and

linear RNA to extract and sequence the circRNA, from which a variety of circRNA can be detected ** Th

e regulatory role of circRNA runs through the whole process of gene regulation, from mRNA transcriptio
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n splicing to RNA degradation and translation. There are two screening methods widely used; one is sequ

encing by high throughput, the other is sequencing analysis by chips

The changes of circRNA in cardiovascular diseases are shown in Table 17"

[34-36].

Table 1:circRNA changes in cardiovascular disease

Disease Detection mode Detection objects Sample CircRNA Expression cha
nge
Acute myocar | Chip detection Myocardial infarctio | Plasma Upregulation of 73 circRN
dial infarction n patients As
Downregulation of 87 circR
NAs
Chip detection Diabetic mice Myocardi | Upregulation of 45 circRN
Myocardial al tissue As
fibrosis Downregulation of 31circR
Chip detection Diabetic mine Myocardi | NAs
al tissue Upregulation of 24circRNA
S
Downregulation of 19 circR
NAs
Coronary arte | Chip detection Patients with coronar | Peripheral | Upregulation of 12 circRN
ry disease y artery disease blood As
Downregulation of 10 circR
NA
Diabetes Chip detection Diabetic retinopathy | Serum Upregulation of 30 circRN
As
Heart failure Chip detection Myocardi | Upregulation of 29 circRN
al tissue As
Downregulation of 34circR
NAs
Chronic total o | Chip detection Chronic total occlusi | Peripheral | Upregulation of 122 circRN
cclusion pulmo on pulmonary hypert | blood As

nary hyperten
sion

ension

Downregulation of 229circ
RNAs

At present, the role of circRNA in cardiovascular disease is still incomplete, and there are few studies in t

his area. We need to know the role of circRNA in cardiovascular disease to find the relevant treatment me

asures. **F Wilson er al. sequenced circRNA in human heart, mouse heart, and human embryonic stem cel

1 differentiated cardiac tissue and found 15318 and 3017 circRNA in human and mouse hearts. The expres

sion level of these circRNAs is consistent with that of their homologous linear RNAs. The genes correspo
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nding to the highest content of circRNAs are also cardiac tissue-specific genes, such as titin, RyR2 and D

MD genes (391

4.1CircRNA and heart failure

Mir-223 is a positive regulator of cardiac hypertrophy. Apoptosis suppressor with card (ARC) is the down
stream target of mir-223, and the cardiac hypertrophy response of arc transgenic mice is decreased. Heart-
related circular RNA (HRCR) is a recently reported cardiac circRNA, which acts as a "sponge” of miR-22
3, directly combines with miR-223, inhibits the activity of miR-223, and thus increases the expression of

ARC. The overexpression of Hrer in cardiomyocytes and mice showed a decreased cardiac hypertrophy ©
421 These findings reveal a new regulatory pathway and therapeutic target of cardiac hypertrophy/heart f
ailure composed of circular, mir-223 and arc. Werfel et al. constructed a library for RNA sequencing by r
emoving ribosomal RNA, and analyzed the expression of circRNA in the heart of humans, mice and rats a
t different stages of development or physiological and pathological states. The results showed that the tota
1 expression of circRNA in human cardiac tissue was higher than that of rats and mice ***. The rats were d
ivided into the newborn rat’s group and the adult rat’s group. There were significant differences between t
he two groups in the circRNA expression of slc8al, TTN, eya3 and scmh1 genes. Humans and mice were

divided into heart failure group and non-heart failure group **. It was found that the number and types of
circRNA in the heart failure group were higher than those in the non-heart failure group. For example, the
expression of circRNA corresponding to slc8al and TTN genes in the heart failure group increased signif
icantly. In particular, the ryanodine receptor 2 (RyR2) genes exist in human heart tissue, corresponding to
more than 100 subtypes of circRNA !, In conclusion, circRNA is closely related to the physiological an
d pathological process of heart, especially the genes corresponding to several differentially expressed circ
RNA molecules, such as slc8al, TTN, RyR2, eya3, etc., which can be used as ideal candidate genes for fu
rther study of heart failure “***',

4.2CircRNA and CAD

It is reported that compared with the healthy control group, the plasma endothelial cells of CAD patients a
re rich in endothelial cells. MiRNAs (miR-126, mir-92a and miR-17) were collected from smooth muscle
cells (SMCs). MiR-145 and inflammation-related miR-155 were significantly decreased. Another study e
xamined157 different miRNA microarrays which were detected in peripheral blood mononuclear cells of
CAD patients ®*°"". The results showed that mir-135a increased and mir-147 decreased significantly in C

AD patients, and the ratio can be used in CAD diagnosis. This study further confirmed that increased the 1
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evel of mir-134, 198 and mir-370 may help to distinguish unstable angina patients from stable angina pati
ents. It is suggested that circulating miRNAs can be used to predict acute coronary syndrome in patients
with angina pectoris”™>. Sun et al. Used QRT PCR to detect 31 cases of CAD, and plasma miR-126 was d
etected in 36 non-CAD patients. However, it was found that the expression of miR-126 was increased in p
atients with elevated low-density lipoprotein cholesterol (LDL-C) and decreased in patients with low-dens
ity lipoprotein cholesterol (LDL-C), suggesting a specific correlation between miR-126 and lipid metaboli
sm. In addition, mir-149 was found to be associated with an increased risk of CAD in the Chinese Han po
pulation ©*3¢,

Serum miR-31 was abnormally elevated in patients with CAD restenosis compared with patients without
CAD restenosis. Compared with the healthy control group, circulating blood mir-133a and mir-208a level
s were up-regulated in patients with stable coronary artery disease, while miR-126, miR-17 and mir-208a
were up-regulated-The levels of 92a and miR-155 decreased significantly, and miR-214 was found to be b
eneficial to CAD-Patient. This may be a promising biomarker for severe CAD); the loss of its protection m
ay increase placental growth factors and the deterioration of atherosclerosis. Recently, the result of severa
I studies showed that the miR-122 and mir-370 tables were circulated. It may be related to the severity of
CAD. The expression level was positively correlated with TC, TG and LDL-C levels. All in all, follow M
iRNAs can improve the diagnosis of CAD ®"%,

4.3 CircRNA and myocardial fibrosis

Tang et al. found that circRNA 000203' upregulated in the myocardium of diabetic mice and Ang-II induc
ed mice cardiac fibroblasts. CircRNA_000203 has two potential binding areas for microRNA-26b-5p (mi
R-26b-5p), which shows the anti-fibrotic effect targeting I collagen and connective tissue. In availability o
f a higher number of circRNA_000203 could obliterate the anti-fibrotic effect of miR-26b-5p in cardiac fi
broblasts. Thus circRNA_000203promotes the proliferation of cardiac fibroblasts by blocking the functio
n of miR-26b-5p. It has also been found that circacta2, as a cecRNA, inhibits the mir-548f-5p pair.
4.4CircRNA and diabetic cardiomyopathy

It has been proved that diabetes mellitus can cause changes of myocardial structure and function in varyin
g degrees, which will lead to cardiac hypertrophy and myocardial fibrosis. Tang al. the circRNA in mouse
cardiac tissue found 76 different circRNA expressions, 45 of which were up-regulated and 31 of which w
ere down-regulated "*%?. At the same time, the researchers selected the up-regulated circRNA00203 and f
ound that there are two binding sites between circRNA000203 and mir-26b-5p "“**!. Overexpression of ci

rcRNA 000203 in cardiac fibroblasts will lead to up-regulation of the downstream target fibrosis-related g
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enes COL1A2 and CTGF of mir-26b-5p. Therefore, cir-crn000203 may be a new target for the treatment

of myocardial fibrosis in diabetic cardiomyopathy 171,
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Figure 3: The categories exon derived circular RNAs

Conclusion

The mortality of cardiovascular disease is high, and treatment and nursing are complex. In addition to con
ventional treatment, gene therapy technology can also be used to treat cardiovascular disease. The use of
disease-specific antisense miRNA molecules to inhibit disease has entered the clinical trial stage. At the
molecular level, the antisense nucleotide chain of miRNA can improve the affinity between miRNA and ¢
ells to achieve the purpose of treatment. For LNA gapmers technology, the direct target is IncRNA. After
the target is combined with IncRNA, RNA endonuclease can be activated rapidly to degrade IncRNA. Unl
ike miRNA and IncRNA, circRNA can resist ribonuclease endonuclease, so it cannot be degraded by ribo
nuclease endonuclease, remaining stable in vivo. Therefore, for circRNA, it may become a new method o
f gene therapy.

CircRNA can combine with miRNA to inhibit the expression of the target gene. Foreign media reports ha

ve confirmed that circRNA molecules can target miR-122, which is closely related to the hepatitis C virus

257



Journal of Cardiovascular Disease Research

ISSN: 0975-3583, 0976-2833 VOL13, ISSUE 05, 2022

, to inhibit the formation of the virus and achieve the purpose of disease treatment. CircRNA can also play
a role by regulating gene expression, protein translation, production and other mechanisms. Therefore, th
e synthetic circRNA may also target genes or proteins and directly affect diseases. In recent years, it has b
een shown that circRNA can play an essential role in the regulation of cardiovascular diseases and achiev
e the goal of treating cardiovascular diseases '®!. However, the current understanding of the biological fun
ction of circRNA needs further study, and there is limited knowledge of its biosynthesis and degradation
process.

In conclusion, circRNA is considered to be an abnormal splicing product. Currently, some studies suggest
that circRNA can play an important role in gene therapy, particularly in a series of cardiovascular disease
s such as atherosclerosis, myocardial infarction and myocardial fibrosis. However, the mechanism of circ
RNA in cardiovascular diseases is not much clear, and there are still many gaps of knowledge. It is necess
ary to strengthen the relevant research and explore the mechanisms of circRNA in cardiovascular diseases
to find a new target of cardiovascular disease treatment and diagnosis.

Funding

This project was partly supported by the National Natural Science Foundation of China (82070403, 81770
386), the Science and Technology Program of Guangdong Province (2021A0505030031), the Frontier Re
search Program of Guangzhou Regenerative Medicine and Health Guangdong Laboratory (2018GZR1101
05001) and the Youth Science and Technology Innovation Talent of Guangdong TeZhi Plan (2019TQO05
Y136).

References:

[1] Mao Y, Xu R. Circular RNA CDRI1-AS contributes to pemetrexed and cisplatin chemoresistance
through EGFR/PI3K signaling pathway in lung adenocarcinoma. [J]. Biomedicine & pharmacotherapy =
Biomedecine & pharmacotherapie,2020,123.

[2] Le Brun E, Véronique,WF. Application of Synchrotron Radiation Circular Dichroism for RNA
Structural Analysis. [J]. Methods in molecular biology (Clifton, N.J.),2020,2113.

[3] Wang XD, Yanhan,Wu, Qiong,Lu, Tong,W, Yuanyong,L, Wenchao,L, Chengyu,X W. Analysis of
circular RNA-associated competing endogenous RNA network in breast cancer. [J]. Oncology

letters,2020,19(2).

258



Journal of Cardiovascular Disease Research

ISSN: 0975-3583, 0976-2833 VOL13, ISSUE 05, 2022

[4] Gan J,Yuan, Ju,Liu, Yu,Lu, Zhengde,X, Yan,Shi, Lei,Zeng, Huayuan. Circular RNA_101237
mediates anoxia/reoxygenation injury by targeting let—=7a—5p/IGF2BP3 in cardiomyocytes. [J].
InteRNAtional jouRNAI of molecular medicine,2020,45(2).

[5] Zhu Y, Gui W, Lin X, Li H. Knock-down of circular RNA H19 induces human adipose-derived stem
cells adipogenic differentiation via a mechanism involving the polypyrimidine tract-binding protein 1. [J].
Experimental cell research,2020,387(2).

[6] Chen H, Li, Xiang-Nan, Ye, Chun-Xiang, Chen, Zhi-Lei,Wang, Zhen-Jun. Circular RNA circHUWEI1
Is Upregulated and Promotes Cell Proliferation, Migration and Invasion in Colorectal Cancer by
Sponging miR-486.[J]. OncoTargets and therapy,2020,13.

[7] Qian W, Huang T, Feng W. Circular RNA HIPK3 Promotes EMT of Cervical Cancer Through
Sponging miR-338-3p to Up-Regulate HIF-1a.[J]. Cancer management and research,2020,12.

[8] Wei W, Mo X, Yan L, Huang M, Yang Y, Jin Q, Zhong H, Cao W, Wu Kun, Wu L, Li Z, Wang T,
Qin Y, Chen J. Circular RNA Profiling Reveals That circRNA_104433 Regulates Cell Growth by
Targeting miR-497-5p in Gastric Cancer.[J]. Cancer management and research,2020,12.

[9] Zhang Z, Wu H, Chen Z, Li G, Liu B. Circular RNA ATXN7 promotes the development of gastric
cancer through sponging miR-4319 and regulating ENTPD4.[J]. Cancer cell inteRNAtional,2020,20.

[10] Chen Ch, Deng Lu, Nie De-Kang, Jia F, Fu Lin-Shan, Wan Zheng-Q, Lan Q. Circular RNA
Pleiotrophin promotes carcinogenesis in glioma via regulation of microRNA-122/SRY-box transcription
factor 6 axis.[J]. European jouRNALI of cancer prevention : the official jouRNALI of the European Cancer
Prevention Organisation (ECP),2020,29(2).

[11] Li H, Lan M, Liao X, Tang Z, Yang Ch. Circular RNA cir-ITCH Promotes Osteosarcoma Migration
and Invasion through cir-ITCH /miR-7/EGFR Pathway.[J]. Technology in cancer research &
treatment,2020,19.

[12] Yu L, Wang Q, Liu N, Zhao J, Yu J, Tao Sh. Circular RNA circ-Ttc3 protects HaCaT cells from
hypoxic injury by downregulation of miR-449a.[J]. [IUBMB life,2020.

[13] Sun X, Luo L, Gao Y. Circular RNA PVTI enhances cell proliferation but inhibits apoptosis through
sponging microRNA-149 in epithelial ovarian cancer.[J]. The jouRNAI of obstetrics and gynaecology
research,2020.

[14] Dou X, Feng L, Ying N, Ding Q, Song Q, Jiang F, Wang C, Li S. RNA Sequencing Reveals a
Comprehensive Circular RNA Expression Profile in a Mouse Model of Alcoholic Liver Disease.[J].

Alcoholism, clinical and experimental research,2020,44(2).

259



Journal of Cardiovascular Disease Research

ISSN: 0975-3583, 0976-2833 VOL13, ISSUE 05, 2022

[15]LiuT, Ye P, Ye Y, Lu S, Han B. Circular RNA hsa_circRNA_002178 silencing retards breast cancer
progression via microRNA-328-3p-mediated inhibition of COL1AT1.[J]. JouRNALI of cellular and
molecular medicine,2020,24(3).

[16] Chen M, Liu X, Xie P, Wang P, Liu M, Zhan Y, Wang H, Feng Y, Li Y. Circular RNA
circ_0074026 indicates unfavorable prognosis for patients with glioma and facilitates oncogenesis of
tumor cells by targeting miR-1304 to modulate ERBB4 expression.[J]. JouRNAI of cellular
physiology,2020,235(5).

[17] Chen Z, Xiao K, Chen S, Huang Z, Ye Y, Chen T. Circular RNA hsa_circ_001895 serves as a
sponge of microRNA-296-5p to promote clear cell renal cell carcinoma progression by regulating
SOX12.[J]. Cancer science,2020,111(2).

[18] Cui M, Shen W, Qin W, Wang X, Li Y, Xu F, Xin Z. Circular RNA ciRS-7 promotes tube formation
in microvascular endothelial cells through downregulation of miR-26a-5p.[J]. JouRNAI of biochemical
and molecular toxicology,2020.

[19] Geng Y, Bao Y, Zhang W, Deng L, Su D, Zheng H. Circular RNA has_circ_0014130 inhibits
apoptosis in non-small cell lung cancer by sponging miR-136-5p and upregulating BCL2.[J]. Molecular
cancer research : MCR,2020.

[20] Wang G, Han B, Shen L, Wu S, Yang L, Liao J, Wu F, Li M, Leng S, Zang F, Zhang Y, Bai Y, Mao
Y, Chen B, Yao H. Silencing of circular RNA HIPK?2 in neural stem cells enhances functional recovery
following ischaemic stroke.[J]. EBioMedicine,2020,52.

[21] YuJ, Ding W, Wang M, Guo X, Xu J, Xu Q, Yang Y, Sun S, Liu J, Qin L, Liu H, Yang F, Zhou W.
Plasma circular RNA panel to diagnose hepatitis B virus-related hepatocellular carcinoma: A large-scale,
multicenter study.[J]. InteRNAtional jouRNAI of cancer,2020,146(6).

[22] Kang Y, Guo S, Sun Q, Zhang T, Liu J, He D. Differential circular RNA expression profiling during
osteogenic differentiation in human adipose-derived stem cells.[J]. Epigenomics,2020.

[23] Li S, Pei Y, Wang W, Liu F, Zheng K, Zhang X. Extracellular nanovesicles-transmitted circular
RNA has_circ_0000190 suppresses osteosarcoma progression.[J]. JouRNAI of cellular and molecular
medicine,2020,24(3).

[24] Wang Y, Wang L, Wang W, Guo X. Overexpression of circular RNA hsa_circ_0001038 promotes
cervical cancer cell progression by acting as a ceRNA for miR-337-3p to regulate cyclin-M3 and

metastasis-associated in colon cancer 1 expression.[J]. Gene,2020,733.

260



Journal of Cardiovascular Disease Research

ISSN: 0975-3583, 0976-2833 VOL13, ISSUE 05, 2022

[25] Cui D, Qian R, Li Y. Circular RNA circ-CMPKI1 contributes to cell proliferation of non-small cell
lung cancer by elevating cyclin D1 via sponging miR-302e.[J]. Molecular genetics & genomic
medicine,2020,8(2).

[26] Cao Y, Liu H, Zhang J, Dong Y. Circular RNA cZNF292 silence alleviates OGD/R-induced injury
through up-regulation of miR-22 in rat neural stem cells (NSCs).[J]. Artificial cells, nanomedicine, and
biotechnology,2020,48(1).

[27] Chen T, Yu Q, Shao S, Guo L. Circular RNA circFNDC3B protects renal carcinoma by miR-99a
downregulation.[J]. JouRNAI of cellular physiology,2020,235(5).

[28] Zhao W, Wang S, Qin T, Wang W. Circular RNA (circ-0075804) promotes the proliferation of
retinoblastoma via combining heterogeneous nuclear ribonucleoprotein K (HNRNPK) to improve the
stability of E2F transcription factor 3 E2F3.[J]. JouRNAI of cellular biochemistry,2020.

[29] Huang P, Qi B, Yao H, Zhang L, Li Y, Li Q. Circular RNA ¢cSMARCAS regulates the progression of
cervical cancer by acting as a microRNA—-432 sponge.[J]. Molecular medicine reports,2020,21(3).

[30] Geng X, Jia Y, Zhang Y, Shi L, Li Q, Zang A, Wang H. Circular RNA: biogenesis, degradation,
functions and potential roles in mediating resistance to anticarcinogens.[J]. Epigenomics,2020,12(3).
[31]LiZ,Liu Y, YanJ, Zeng Q, Hu Y, Wang H, Li H, Li J, Yu Z. Circular RNA hsa_circ_0056836
functions an oncogenic gene in hepatocellular carcinoma through modulating miR-766-3p/FOSL2
axis.[J]. Aging,2020,12.

[32] Hong X, Liu N, Liang Y, He Q, Yang X, Lei Y, Zhang P, Zhao Y, He S, Wang Y, Li J, Li Q, Ma J,
Li Y. Circular RNA CRIMI functions as a ceRNA to promote nasopharyngeal carcinoma metastasis and
docetaxel chemoresistance through upregulating FOXQ1.[J]. Molecular cancer,2020,19(1).

[33] Gaoyang C, Qingyu W, Zhaoyan L, Qiwei Y, Yuzhe L, Zhenwu D, Guizhen Z, Yang S. Circular
RNA CDR1as promotes adipogenic and suppresses osteogenic differentiation of BMSCs in steroid-
induced osteonecrosis of the femoral head[J]. Bone,2020,133.

[34] Guanhui C, Yiming L, Yi H, Binghui Z, Chen Y, Chao W, Xiliu Z, Wei Z, Dongsheng Y.
Upregulation of Circular RNA circATRNL1 to Sensitize Oral Squamous Cell Carcinoma to Irradiation[J].
Molecular Therapy - Nucleic Acids,2020,19.

[35] Li Y, Bo X, Xuepeng L. Neisseria gonorrhoeae -induced salpingitis is targeted by circular RNA
EIF3K via miR-139-5p and regulating MAPK/NF-«B signaling pathway to promotes apoptosis and
autophagy bacterial cells[J]. Microbial Pathogenesis,2020.

261



Journal of Cardiovascular Disease Research

ISSN: 0975-3583, 0976-2833 VOL13, ISSUE D5, 2022
[36] Wei C, Yingyao Q, Shaoyi F, Hua W, Jinyu L, Li H, Liuhua C, Qi L, Peiheng H, Yibiao Y.
Exosome-transmitted circular RNA hsa_circ_0051443 suppresses hepatocellular carcinoma
progression[J]. Cancer Letters,2020,475.
[37] Xue C, Chao J, Ruxu S, Daidi Y, Qinghuai L. Circular Noncoding RNA NR3C1 Acts as a miR-382-
5p Sponge to Protect RPE Functions via Regulating PTEN/AKT/mTOR Signaling Pathway[J]. Molecular
Therapy,2020.
[38] Yiting W, Li W, Weiwei W, Xin G. Overexpression of circular RNA hsa_circ_0001038 promotes
cervical cancer cell progression by acting as a ceRNA for miR-337-3p to regulate cyclin-M3 and
metastasis-associated in colon cancer 1 expression[J]. Gene,2020,733.
[39] Guojun W, Wenhong Z, Xiaohua P, Zhigang S, Yongjie S, Hao X, Peng S, Jiyu L, Ling G, Xingsong
T. Circular RNA Profiling Reveals Exosomal circ_0006156 as a Novel Biomarker in Papillary Thyroid
Cancer[J]. Molecular Therapy - Nucleic Acids,2020,19.
[40] Xinxin S, Fei L, Yinhua H, Yingshu G, Jia L, Fei W, Jinmao Y, Xiaoru Z, Dongjiao L. Hyper-
dendritic rolling circle amplification for RNA and GSH detection[J]. Microchemical JouRNAI,2020,153.
[41] Binglin Y, Jian W, Wenxiu R, Jiyao W, Xiukai C, Haiyan Y, Yongzheng H, Xianyong L, Chuzhao
L, Bizhi H, Hong C. The Circular RNA circ HUWE1 Sponges the miR-29b- AKT3 Axis to Regulate
Myoblast Development[J]. Molecular Therapy - Nucleic Acids,2020,19.
[42] Guangtian W, Bing H, Ling S, Shusheng W, Li Y, Jiefeng L, Fangfang W, Mingyue L, Shuo L,
Fengchao Z, Yuan Z, Ying B, Yu M, Bo C, Honghong Y. Silencing of circular RNA HIPK?2 in neural
stem cells enhances functional recovery following ischaemic stroke[J]. EBioMedicine,2020,52.
[43] Lu M, Zhang X, Zhang Y. Research progress of cyclic RNA in clinical diagnosis and early warning
of cardiovascular diseases [J]. Journal of Tongji University (Medical Edition), 2020,41 (01): 130-135
[44] Ding T, Li Y, Li H, Ma X, Zeng X, Zhang H. Analysis of the difference in the expression profile of
circled RNA in the plasma of patients with heart failure [J]. Chinese Journal of evidence based
cardiovascular medicine, 2020,12 (02): 167-171
[45] Yuan C, Wu G. Research progress on the relationship between circular RNA and cardiovascular
disease [J]. Chinese Journal of cardiovascular disease, 2020 (01): 81-85
[46] Li Q, Yang J, Yang J. Research progress of cyclic RNA in cardiovascular diseases [J]. Chinese
Journal of geriatric cardio cerebrovascular diseases, 2020,22 (01): 96-98
[47] Yuan B, Ji Y, Wang N, Zhao C. Research progress of circular RNA and cardiovascular disease [J].
Clinical medicine research and practice, 2019,4 (31): 192-194

262



Journal of Cardiovascular Disease Research

ISSN: 0975-3583, 0976-2833 VOL13, ISSUE 05, 2022

[48] Qin S, Wang X, Lin L. Biological function of circular RNA and its role in cardiovascular disease [J].
Journal of clinical pathology, 2019,39 (10): 2264-2270

[49] Zhang Y, Chen C, Zhao H, Liu Y. The diagnostic value of circular RNA in cardiovascular disease
[J]. Chinese laboratory diagnostics, 2019,23 (09): 1662-1664

[50] Deng Y, Yang J, Liu Y. Research status of circular RNA and acquired aortic disease [J]. Chinese
Journal of arteriosclerosis, 2019,27 (08): 724-729

[51] Wang L X, Huang J, Zhang Y Y, Chen Y H. Expression and function of circular RNA in
cardiovascular system [J]. Journal of Tongji University (Medical Edition), 2019,40 (04): 507-515

[52] Zhang L, Zhang K, Fang W, Liu X, Zheng F, pan W, Liao W. Role and research progress of circular
RNA in human diseases [J]. Acta mycologica Sinica, 2019,38 (08): 1213-1222

[53] TanJ, Xie Y, Shen L, Li L, Qin Y, Yan Z. Screening and potential function of circular RNA in
thoracic aorta of spontaneously hypertensive rats [J]. Medical biomechanics, 2019,34 (S1): 87

[54] Chen K. Effect of circular RNA (circambral and circankrd17) on proliferation and metastasis of
HeLa and OCM-1 cells and analysis of its mechanism [D]. Henan University, 2019

[55] Deng Y. Differential expression of circRNA in acute Stanford type A aortic dissection [D]. Nanhua
University, 2019

[56] Long Z. Study on the expression profile and functional analysis of circular RNA in gastric cancer
[D]. Nanhua University, 2019

[57]Li Q, Yang J, Yang J, Yang Y. Relationship between circular RNA and coronary atherosclerotic
heart disease [J]. Journal of practical medicine, 2019,35 (08): 1340-1342

[58] Lei K, Bai H, Li T, Qian Y. Research progress of cyclic RNA in cardiovascular disease [J]. Chinese
Journal of thoracic and cardiovascular surgery, 2019,26 (10): 1021-1025

[59] Liu R, Zeng Y, Peng D. The effect of circular RNA on cardiovascular disease [J]. Chinese Journal of
Cardiology, 2019,24 (01): 94-97

[60] Ren Sheng S, Xu L L, Zhang M, Xu M Q. Research progress in the application of humoral circular
RNA in the diagnosis of diseases [J]. Chinese Journal of general surgery and clinical sciences, 2019,26
(05): 611-619

[61] Sun C, Zhang Z. Research progress of circular RNA [J]. International Journal of laboratory
medicine, 2019,40 (02): 234-239

[62] Du 1, Wang Y, Zhang X, Dong Y. Research progress of circular RNA and cardiovascular disease [J].

Journal of Integrated Chinese and Western medicine and cardiovascular disease, 2018,6 (36): 28-29

263



Journal of Cardiovascular Disease Research

ISSN: 0975-3583, 0976-2833 VOL13, ISSUE 05, 2022

[63] Hu Y, you H, Jing Q. Cyclic RNA: biosynthesis, function and its role in cardiovascular disease [J].
Journal of PLA medicine, 2018,43 (12): 1059-1068

[64] Li H, Xu W. Research progress of circular RNA [J]. Biotechnology bulletin, 2018,34 (12): 21-31
[65] Zhang S, Huo W, Su Y, Li Z, Gao Y, Yu X. The relationship between circular RNA and disease [J].
Chinese laboratory diagnostics, 2018,22 (12): 2203-2205

[66] Li S, Li J. Cyclic RNA and cardiovascular disease [J]. Basic medicine and clinical, 2018,38 (12):
1771-1775

[67] Zeng Z, Huang S, Lin J, Sun Y, Li H, Lin S, Wu S. Research progress of competitive endogenous
RNA in cardiovascular disease [J]. Chinese Journal of hypertension, 2018,26 (11): 1020-1025

[68] Pei X. Study on the role and mechanism of IL-18 and circular rna-001175 in the regulation of
diabetic atherosclerosis [D]. Shandong University, 2018

[69] Yang Y, Liu D, Wang L, Zhao P, Li P, Sun C. Research progress of long-chain non coding RNA,
microRNA and circular RNA in sudden cardiac death [J]. Chinese Journal of forensic medicine, 2018,33
(04): 390-393

[70] Chen J. Effect and mechanism of circular RNA wdr77 on proliferation and migration of vascular
smooth muscle cells through miR-124 / FGF2 [D]. Shandong University, 2018

[71] Zhu B L, Jiang H. Research progress of competitive endogenous RNA and pathogenesis of
cardiovascular disease [J]. Chinese Journal of Practical Pediatrics, 2018,33 (13): 1033-1036

[72]1 Li Y, Liu H. Circular RNA: a new biomarker of cardiovascular disease [J]. Chinese Journal of health
medicine, 2018,20 (03): 269-271

[73] Zou T, Li L, Huang J, Yang B, Wang L. Expression and clinical significance of circtcf25 in patients
with coronary heart disease [J]. Chinese Journal of molecular cardiology, 2018,18 (03): 2479-2483

[74] Gu T. Study on the relationship between circRNA related to vascular endothelial injury and essential
hypertension [D]. Ningbo University, 2018

[75] Chen R. Study on the relationship between circular non-coding RNA, environmental factors and
coronary heart disease [D]. Fujian Medical University, 2018

[76] Liu W, Shi B. Research progress of cyclic RNA and cardiovascular disease [J]. Chinese Journal of
circulation, 2018,33 (05): 501-503

[77] Yan R M, Hu C P. Cyclic RNA and cardiovascular disease [J]. Zhongnan Journal of medical science,
2018,46 (03): 225-231

264



Journal of Cardiovascular Disease Research

ISSN: 0975-3583, 0976-2833 VOL13, ISSUE 05, 2022

[78] Zhang P, Gao C, Xia Z. Research progress of circular RNA and related diseases [J]. Chinese Journal
of clinicians (Electronic Edition), 2018,12 (09): 530-534

[79] He S. Study on differential expression of cyclic RNA in plasma of patients with H-type hypertension
[D]. Zunyi Medical College, 2018

[80] Zou T. Analysis of expression profile and diagnostic value of circular RNA in coronary heart disease
[D]. Peking Union Medical College, 2018

[81] Gu T, Bao X, Mao S, Zhang L. Research progress on the mechanism of circular RNA in the
pathogenesis of chronic diseases [J]. Progress in physiology, 2017,48 (03): 167-172

[82] Sun Y. Molecular mechanism of NRG-1 regulating o - actin expression and contraction function of
smooth muscle cells [D]. Hebei Medical University, 2017

[83] Zhou F, Yang Q, Zhu X, LAN X, Chen H. Molecular characteristics, mechanism of action and
biological function of circular RNA [J]. Journal of agricultural biotechnology, 2017,25 (03): 485-501

[84] Lian R, song C, Liu Z, Yang Y, Zhao Y. Research progress of circular RNA and cardiovascular
disease [J]. International Journal of cardiovascular disease, 2017,44 (02): 29-31 + 35

[85] Wang Y, Li G. Research progress of cyclic RNA in cardiovascular disease [J]. Tianjin
Pharmaceutical, 2017,45 (03): 333-336

[86] Peng W, Jian C, Liu C, Meng Y, Zhu Y, Jiang Y, Luo G, Tang F, Xiao Y. The relationship between

circulating RNA HSA - CIRC - and pulmonary hypertension in adult congenital heart disease [J]. Journal

of the Third Military Medical University, 2017,39 (10): 1005-1008

[87] Wu G, Zhang CE, Wang J, song L. Research progress of cyclic RNA in cardiovascular disease [J].
Chinese Journal of molecular cardiology, 2017,17 (01): 1996-1999

[88] Chen Y, Li C, Tan C, Mai G, Liu S. The relationship between circular RNA and disease and its
potential clinical value [J]. Chinese Journal of medical genetics, 2017,34 (01): 133-137

[89] Lu I, Wang J. Research progress of circular RNA and human diseases [J]. Journal of medical
research, 2017,46 (01): 18-21

[90] Chen D, Zhang Z, Jing Q. Circular RNA: a gene regulated RNA [J]. Chemistry of life, 2016,36 (06):
856-861

[91] Shen Y, Yang L, Zhang J, Zou X. Research progress on the relationship between circular RNA and
human diseases [J]. Medical review, 2016,22 (23): 4601-4605

265



Journal of Cardiovascular Disease Research

ISSN: 0975-3583, 0976-2833 VOL13, ISSUE 05, 2022

[92] Fu H, Chi X, Shao S. Research progress of cyclic RNA [J]. Chinese Journal of biochemical
medicine, 2016,36 (05): 8-11

[93] Jiang J, Yang Y, Jiang R, He Y. Regulatory effect of circular RNA on gene and its relationship with
cardiovascular disease [J]. Chinese Journal of cardiovascular disease, 2016,44 (04): 364-366

[94] Jiang J, Yang Y, Jiang R, He Y. Regulatory effect of circular RNA on gene and its relationship with
cardiovascular disease [J]. Chinese Journal of cardiovascular disease (online edition), 2016 (4): E9

[95] Wu W, Xi W, Li H, Yang M, Yao X. Circular RNA circ—TACACA regulates proliferation, migration
and glycolysis in non—small—cell lung carcinoma via miR-1183 and PI3K/PKB pathway.[J].
Pubmed,2020,45(6).

[96] Long M, Chen J, Zhu Y, Luo D, Lin S, Peng X, Tan L, Li H. Comprehensive circular RNA profiling
reveals the regulatory role of circRNA_0007694 in papillary thyroid carcinoma.[J]. American journal of
translational research,2020,12(4).

[97] Yuan C, Luo X, Zhan X, Zeng H, Duan S. EMT related circular RNA expression profiles identify
circSCYL2 as a novel molecule in breast tumor metastasis.[J]. Pubmed,2020,45(6).

[98] Pang W, Huang F, Zhang X, Ye M, Huang Y, Huang X, Pang J, Cai C, Wang Z. Circular RNA
hsa_circ_0072309 inhibits non-small cell lung cancer progression by sponging miR-580-3p.[J].
Pubmed,2020,40(5).

[99] Yang J,Li Y, Yu Z, Zhou Y, TuJ, Lou J, Wang Y. Circular RNA Circ100084 functions as sponge of
miR-23a-5p to regulate IGF2 expression in hepatocellular carcinoma.[J]. Pubmed,2020,21(6).

[100] Jin L, Xiaoping Q, Ruishan W, Li W, Liang Z, Rui L. Circular RNA circFBXO11 modulates

hepatocellular carcinoma progress and oxaliplatin resistance through miR-605/FOX0O3/ABCB1 axis[J].

Journal of Cellular and Molecular Medicine,2020,24(9).
[101] Sun J-Y, Shi Y, Cai X-Y, Liu J. Potential diagnostic and therapeutic value of circular RNAs in

cardiovascular diseases.[J]. Pubmed,2020,71.

266



	Osama Alsarhan1, Yan Tu1, Xin Peng1,Abdul Ghafar Sherzad 1, Arash Nemat1,4,
	Gaopeng Xian1,2,3, Shuwen Su1,2,3, Qingchun Zeng 1,2,3*
	1. State Key Laboratory of Organ Failure Research, Department of Cardiology, Nanfang Hospital, Southern Medical University,510515, Guangzhou, China
	2. Bioland Laboratory (Guangzhou Regenerative Medicine and Health Guangdong Laboratory), 510005, Guangzhou, China.
	3. Guangdong Provincial Key Laboratory of Shock and Microcirculation, Southern Medical University, 510515, Guangzhou, China
	4.  Department of Microbiology, Kabul University of Medical Sciences, Kabul, Afghanistan.

