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Background and Objectives: As we all know, acute myocardial infarction (AMI) is a serious threat to 
human health, whose incidence is increasing year by year and gradually showing a younger trend, bringing 
serious economic burden to their families and society. However, the current diagnosis and treatment 
measures still have many deficiencies. Therefore, we need to further investigate new biomarkers and 
molecular therapeutic targets. This review focuses on the pathophysiology of circRNA involved in AMI 
and its diagnostic and therapeutic value, providing potential clinical insights for the diagnosis and treatment  
of AMI.
Methods: We searched the PubMed database for original studies and review articles published from 
January 1993 to June 2022. We carefully read, analyzed and summarized related research literature and 
some key citations. The terms were circRNA, circular RNA, AMI, acute myocardial infarction, biomarkers, 
myocardial apoptosis, and pathophysiology, all of which were used in different combinations. 
Key Content and Findings: CircRNA shows a covalent closed loop structure and is not easy to be 
degraded by nucleic acid exonuclease. CircRNA is highly expressed in human heart with high stability and 
specificity, and plays a regulatory role mainly by acting as a miRNA sponge and interacting with RNA-
binding proteins. Many studies have confirmed that circRNA can be used as a biomarker of AMI and 
participate in the pathophysiological process of AMI. Overexpression or knockout of a specific circRNA is 
Beneficial or harmful to heart repair. Most importantly, it can be considered as a biomarker and therapeutic 
target for AMI. 
Conclusions: CircRNA is mainly involved in and regulates the pathophysiology process of myocardial 
infarction (MI) through different circRNA/miRNA/mRNA axes. Overexpressing or knockout certain 
specific circRNAs may aggravate or alleviate AMI. Some circRNAs have also been identified as biomarkers 
of AMI. It has broad application prospects as specific biomarker and therapeutic targets for AMI, which can 
be considered as an emerging role in AMI. 
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Introduction 

Background

In recent years, the incidence, disability and mortality of 
cardiovascular disease (CVD) have increased dramatically, 
and acute myocardial infarction (AMI) is the main cause of 
death of CVD (1,2). AMI is the most common disease in 
CVD, with the highest fatality rate. About 85% of deaths in 
CVD are caused by AMI and stroke (3,4). In the past, it was 
generally believed that AMI mainly occurred in middle-aged 
and elderly people, but with the development of society 
and the change of lifestyle, the incidence of AMI gradually 
showed a trend of younger and increased year by year (5). 
In most countries around the world, AMI has become 
the main role of chronic diseases and the source of huge 
economic burden in society (6,7). AMI is a multifactorial 
disease involving complex pathophysiological processes, 
which is caused by partial or complete coronary artery 
occlusion and results in ischemic injury of cardiomyocytes 
in the corresponding areas of the heart (8).  Once 
myocardial cells are damaged by ischemia, the heart will 
be further fibrosis and remodeling, and eventually develop 
into chronic heart failure (CHF) or even sudden cardiac 
death (SCD) (9-11). With the development of medical 
technology, great progress has been made in the diagnosis 
and treatment of AMI. Although reperfusion therapy is 
the most effective treatment at present, which can reduce 
the mortality of patients with AMI, many survivors will 
still suffer from myocardial remodeling and heart failure  
(HF) (12). Yin et al. believe that effective therapeutic targets 
of protect cardiomyocytes from apoptosis and fibrosis are 
still limited, and that it is necessary to further understand 
of the pathogenesis of AMI at the molecular level, in 
treatment of AMI (2). In the past decades, many molecules 
and signaling pathways have been identified as potential 
therapeutic targets. however, a new therapeutic strategy of 
promote cardiac repair in patients with AMI have yet to be 
realized (13,14). Therefore, there is still a long way to go to 
explore the pathogenesis of AMI and seek a more perfect 
treatment strategy.

Rationale and knowledge gap

CircRNA was discovered and reported in 1976. As a 
non-classical RNA splicing product, circRNA was once 
considered as a by-product by incorrect splicing (15). 
CircRNA is a kind of non-coding RNA, which contains a 
closed continuous loop structure and is widely expressed in 

the genomes of multiple species (16). CircRNA is highly 
evolutionarily conservative at the sequence level between 
different species, and widely exists in heart tissue (17).  
In recent years, based on advanced RNA sequencing 
technology and bioinformatics analysis technology, 
circRNA has become a hot and frontier area in RNA 
research. However, their functions in cells have only been 
newly recognized recently (18). At present, circRNAs 
have been widely studied as biomarkers for cancer, such 
as gastric cancer (GC), hepatocellular carcinoma (HCC) 
and lung cancer (19). Some circRNAs may also become 
biomarker candidates for age-related diseases, such as CVD, 
neurodegenerative diseases, Alzheimer’s disease, aging, etc. 
(19,20). Many studies have confirmed that the abnormally 
expressed circRNA is closely related to the occurrence 
and development of CVD, such as AMI, myocardial 
fibrosis (MF), cardiac aging, myocardial hypertrophy, 
HF and coronary atherosclerosis (21-26). Studies have 
also shown that circRNA is involved in diseases other 
than AMI, such as atherosclerosis, essential hypertension, 
chronic thromboembolic pulmonary hypertension, dilated 
cardiomyopathy and hypertrophic cardiomyopathy, 
congenital heart disease in children, aortic aneurysm and 
thoracic aortic dissection, and retinal vascular dysfunction 
caused by diabetes (24-30). There was a bioinformatics 
study have detected circRNA in three patients with AMI 
and three patients in control group through gene chip. 
This study found that there are 650 circRNAs differentially 
expressed in AMI, and that circRNA-miRNA interaction 
pathway is very likely to participate in regulating the 
occurrence and development of AMI (2). However, the 
relationship between circRNAs and AMI, and its clinical 
value have not yet been fully clarified. Therefore, we 
summarized the application value of circRNA in AMI. 

Objective

Our review aims to:  (I)  summarize the biological 
characteristics and involvement in the pathophysiology 
of circRNA in AMI; (II) discuss that the circRNA may 
become a biomarker and therapeutic target for AMI 
in the future; (III) provide potential clinical insights 
into new strategies for the diagnosis and treatment of 
AMI; (IV) and provide prospects for further research on 
circRNA in AMI. We present this article in accordance 
with the Narrative Review reporting checklist (available 
at https://jxym.amegroups.com/article/view/10.21037/
jxym-23-10/rc).

https://jxym.amegroups.com/article/view/10.21037/jxym-23-10/rc
https://jxym.amegroups.com/article/view/10.21037/jxym-23-10/rc
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Methods

We searched the PubMed database for original studies 
and review articles published from January 1993 to June 
2022. We carefully read, analyzed and summarized related 
research literature and some key citations. The terms were 
circRNA, Circular RNA, AMI, acute myocardial infarction, 
biomarkers, myocardial apoptosis, and pathophysiology, all 
of which were used in different combinations. The retrieval 
strategy is summarized in Table 1 and Table S1. 

The biological characteristics of circRNA

The biogenesis of circRNA

CircRNA is a naturally formed endogenous non-coding 
RNA. Unlike traditional linear RNA, circRNA presents 
a covalent closed-loop structure. It is not easy to be 
degraded by exonuclease and has high abundance, high 
stability and specificity at the stage of tissue development, 
and conservation of evolution between species, because it 
does not have a 5' cap end and a 3' ploy (A) tail end (31). 
CircRNA is widespread in cells and tissues. The expression 
of some circRNAs is more than ten times higher than that 
of typical linear transcripts generated by the same genes (17).  
CircRNA usually exhibits specific expression pattern at the 
stage of cell and tissue development (32,33), suggesting 
that they may be involved in some physiological and 
pathological processes. Some circRNAs also have internal 
ribosome entry sites (IRESs), which provide potentiality 
for protein synthesis (34,35). There are mainly two classical 
biogenesis models: lasso driven cyclocyclic and intron 
paired driven cyclocyclic (17). An alternative biogenesis 

model has also been proposed, which formed a bridge 
between flanking introns by binding with RNA-binding 
protein (RBP) to make splicing donors and receptors 
close, thus promoting the cyclization of exons (36-38). 
Its biogenetic characteristics are summarized in Figure 1. 
These characteristics indicate that circRNAs are potential 
regulators of transcription and post-transcription (19).  
In conclusion, circRNA may play a specific role in the 
occurrence and development of some diseases.

The biological expression of circRNA

RNA sequencing of human adult and fetal tissues (heart, 
kidney, liver, lung, colon and stomach) showed that up to 
50% of circRNA had tissue specificity, and both the number 
and expression level of circRNA in fetal tissues were higher 
than those in adult tissues (24,39). CircRNA is the most 
abundant in the brain, compared with other organs, thus 
stress and aging play an important role in changing its 
expression profile (39-41). CircRNA is abundant and stable 
in body fluids such as peripheral serum or plasma, urine, 
saliva, cerebrospinal fluid, milk and circulating blood cells, 
tumor cells and exocrine bodies (20,42). Sequencing data 
revealed that there are more than 15,000 circRNAs in human  
heart (43). Tan et al. performed deep sequencing of RNA 
isolated from 14 human hearts and 25 mouse hearts, and 
15,318 and 3,017 circRNAs were found respectively. 
The most abundant circRNA expressed in the heart is 
CircSLC8A1-1 located in the cytoplasm (43). Stanislas Werfel 
et al. sequenced circRNAs in human, mouse and rat hearts, 
which shows that circRNAs are enriched and differentially 
expressed in postnatal development and heart diseases (44).

Table 1 The search strategy summary

Items Specification

Date of search From August 14 to November 12, 2022

Databases and other sources searched PubMed

Search terms used Detailed search terms are shown in Table S1

Timeframe From January 1993 to June 2022

Inclusion and exclusion criteria Inclusion criteria: original and critical articles and some of their key citations s in English languages

Exclusion criteria: (I) studies that duplicate reports; (II) studies with incomplete data; and (III) case 
reports, summaries of meetings and letters

Selection process Two authors evaluated and selected the studies independently. If there is any disagreement, it will 
be resolved by all authors through consultation and discussion

https://cdn.amegroups.cn/static/public/JXYM-23-10-Supplementary.pdf
https://cdn.amegroups.cn/static/public/JXYM-23-10-Supplementary.pdf
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The classification of circRNA

As summarized in Figure 1, circRNAs can be divided into 
three categories based on their biogenesis and sequence: 
exonic circRNAs (ecircRNAs), circular intronic circRNAs 
(ciRNAs), and exon-intron circRNAs (EIciRNAs). (I) The 
ecircRNAs are derived from exons in linear transcripts 
and lack any introns in their sequences. Most circRNAs 
belong to this group and mainly exist in the cytoplasm. 
(II) The ciRNA is present in the nucleus, which is not 
generated by backsplicing and lacks exon sequence and 
has little enrichment for miRNA target sites. (III) The 
EIciRNA contains both introns and exons in its sequence, 
which is mainly localized to the nucleus and interacts with 
U1snRNP and Pol II, thereby promoting the transcription 
of its parental genes (17,19,45-48). It has also been 
reported that circRNAs can also be divided into intragenic 
and intergenic according to the position in the genome. 
Interestingly, ecircRNA, ciRNA and ElciRNAa are all 
intragenic circRNAs, which are derived from the sequences 
in the parental loci (49,50).

The biological function of circRNA

According to previous studies, circRNAs regulate gene 
expression mainly by binding to miRNAs and causing 
miRNA dysfunction. As shown in Figure 1, circRNAs act 
as miRNA sponge, which can competitively bind miRNAs 
and inhibit the regulation of miRNAs on their target gene 
mRNA, thereby indirectly inhibiting or promoting the 
expression of mRNA. Binding to RBP acts as target RNA 
bait, as a modulator of transcription and splicing by binding 
srnRNA and upgrading Pol II activity, and as a modifier of 
protein scaffold and parental gene expression (18,32,36,45). 
In the past, it was generally believed that circRNA act as a 
non-coding RNA could not translate proteins. But in recent 
years, a few studies have reported that circRNA molecules 
can be translated into proteins or peptides when they 
contain IRES elements or prokaryotic ribosome binding 
sites (45,51-53). For example, human Circ-ZNF609 is 
derived from the second exon of its host ZNF gene, which 
is translated into a protein in a splicing-dependent and 
cap-independent manner (34,54). Legnini et al. confirmed 

Figure 1 The biogenesis, classification, and biological function of circRNA. RBP, RNA-binding protein.
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that Circ-ZNF609 is associated with heavy polyribosomes 
and provided an example of circRNA encoding protein in 
eukaryotes (34,53). 

CircRNA in AMI 

Apoptosis and necrosis of cardiomyocyte after AMI induce 
inflammatory response, MF, myocardial remodeling 
gradually occur, and finally develop into HF, while 
neovascularization promotes tissue repair after MI. 
Therefore, it is possible to explore a new approache to the 
treatment of AMI if our research focuses on cell apoptosis, 
MF, regulation of inflammatory response, and angiogenesis 
after AMI. Many circRNA have been found to be involved 
in regulating the above pathophysiological processes after 
MI (55-59) (as summarized in Figure 2).

As shown in Table 2, some circRNAs were differentially 
expressed in AMI, which involved the pathophysiological 
process of AMI. Overexpression or knock out some 
circRNAs may aggravate or alleviate AMI. As shown in  
Table 3, some circRNA have also been identified as 
biomarker of AMI. This will provide new insights into the 
diagnosis and treatment strategies for AMI. However, most 
of these studies were conducted on animals, using rats or 
mice as specimens. 

Involved in the pathophysiological process of AMI

Involved in cardiomyocyte apoptosis after MI

It has been found that the overexpressed Cdr1as in 
cardiomyocyte of mice after infarction can promote 
apoptosis of cardiomyocyte and increase the area of MI 
(26,60). Overexpression of CircFndc3b reduced the level 
of cardiomyocyte apoptosis in the MI mouse model (83). 
CircNCX1 is significantly upregulated in H2O2 treated H9c2 
cells and ischemic myocardium, and knockdown CircNCX1 
could reduce cardiomyocyte apoptosis to alleviate 
myocardial injury after ischemia/reperfusion (I/R) in rats 
(74). CircRNA (MFACR) associated with mitochondrial 
division and apoptosis regulates mitochondrial fission 
and apoptosis in the heart by directly down-regulating  
miR-652-3p (61). It has also been found that overexpressed 
MFACR increases cardiomyocyte apoptosis, and that 
MFACR may promote cardiomyocyte apoptosis and the 
progression of MI by down-regulating miR-125b (62). 
The overexpression of ACAP2 may increasing apoptosis 
after MI (63,64). The overexpression of Circ-Ttc3 protects 

cardiomyocytes from ischemia-related apoptosis, while 
silencing Circ-Ttc3 could aggravates cardiac dysfunction 
after AMI (21). Circ-NNT regulates USP46 by acting 
as miR-33a-5p sponge, thereby promoting apoptosis and 
cardiomyocyte I/R injury (65).

The above examples show that the great progression 
have been made in the study of apoptosis and circRNAs 
after AMI. We can hypothesize that silence or overexpress 
some certain circRNAs will reduce cardiomyocyte apoptosis 
after MI and improve prognosis.

Involved in cardiomyocyte autophagy after MI

Zhou et al. reported that autophagy related circRNA 
(ACR) inhibits cardiomyocyte autophagy and cell death by 
targeting PINK1 mediated FAM65B phosphorylation, and 
that ACR protects the heart from I/R injury and reduces the 
size of MI (75). CircZNF292 involved in angiogenesis and 
proliferation of endothelial cells and inhibits oxygen-glucose 
deprivation (OGD) induced apoptosis and autophagy (76,95). 
Knock out of CircRNA_101237 inhibited cardiomyocyte 
apoptosis through the autophagy pathway. CircRNA_101237 
can regulate cardiomyocyte apoptosis and autophagy 
induced by anoxia/reoxygenation (A/R) injury (66).

Involved in MF after MI

Studies have confirmed that silence CircHIPK3 attenuated 
cardiac fibroblasts (CFs) proliferation and migration 
induced by AngII. The overexpressed CircHIPK3 can 
effectively reverse the inhibition of proliferation and 
migration of CFs by miR-29b-3p, and the combination of 
CircHIPK3 silence and miR-29b-3p overexpression has 
a stronger inhibitory effect on MF (67). Overexpressed 
CircNFIB decreased the proliferation of NIH/3T3 cell 
and CF, and inhibit CircNFIB promoted CFs proliferation. 
CircnFIB-miR-433 axis can be used as a new way to 
inhibit MF (77). In the AMI rat model, circRNA 010567 
siRNA was found to improve cardiac function, reduce 
MF and inhibit cardiomyocyte apoptosis (78). Knockout 
of CircPAN3 reduced MF after MI. CircPAN3 shows a 
promoting effect in the process of MF, which can be used as 
a potential biomarker for MF treatment (70). CircLAS1L 
was downregulated in patients with AMI and CFs, and 
inhibits the activation, proliferation and migration of CFs. 
The CircLAS1L may play an important role in the process 
of MF after MI (79).
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Figure 2 CircRNA involved in the pathophysiology of AMI. AMI, acute myocardial infarction.
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Table 2 CircRNA involved in the pathophysiological process of AMI

Influence CircRNA Species Samples Expression Pathway Function Ref.

Aggravating 

AMI

Cdr1as Mice Cardiomyocyte Up Cdr1as-miR-7a- 

PARP/SP1

Promote cell apoptosis, increase MI size (60)

MFACR Mice Cardiomyocyte Up miR-125b-MTP18 and miR-

652-3p

Promote cardiomyocyte apoptosis and MI (61,62)

ACAP2 Human/ 

rats

Plasma/

cardiomyocyte

Up miR-532/miR-29 Promote cardiomyocyte apoptosis (63,64)

Circ-NNT Mice Cardiomyocyte Up miR-33a-5p/USP46 Promote myocardial apoptosis and I/R injury (65)

CircRNA_101237 Mice Cardiomyocyte Up let-7a-5p/IGF2BP3 Promote apoptosis and autophagy (66)

CircHIPK3 Mice Cardiac fibroblasts Up miR-29b-3p Promote myocardial fibrosis (67)

Circ_0060745 Mice Cardiomyocyte Up Inhibit NF-κB activity Promote inflammation, increase MI area, 

deteriorate cardiac function

(68)

Foxo3 Mice Cardiac tissue Up ID-1, E2F1, FAK, HIF1α Induce senescence (69)

CircPAN3 Rats Cardiac fibroblasts Up miR-221/FoxO3/ATG7 Promote myocardial fibrosis (70)

CircROBO2 Mice Cardiomyocyte Up miR-1184/TRADD Promote cell apoptosis, increase MI size (71)

CircFASTKD1 Human Endothelial cells Down miR106a Inhibiti angiogenesis (72)

hsa_circ_0003204 Human HUVEC Up Regulate of EMT Slow the repair of endothelial cell injury (73)

Attenuating 

AMI

CircNcx1 Mice Cardiomyocyte Up miR-133a-3p/CDIP1 Knockout: reduce cardiomyocyte apoptosis 

and I/R injury

(74)

Circ-Ttc3 Rats Cardiomyocyte Up miR-15b Reduce cardiomyocyte apoptosis and cardiac 

dysfunction

(21)

CircACR Mice Cardiomyocyte Down ACR-Pink1-FAM65B Inhibit myocardial autophagy, protection I/R 

damage, reduce MI size

(75)

CircRNA ZNF292 Rats Cardiomyocyte Up Wnt/β-catenin or mTOR-

BNIP3

Inhibiti apoptosis and autophagy (76)

CircNFIB Mice Cardiac fibroblasts Down miR-433 Inhibiti myocardial fibrosis (77)

CircRNA 010567 Rats Cardiomyocyte − Inhibit TGF-β1 Inhibiti apoptosis and myocardial fibrosis (78)

Circ_LAS1L Human Cardiac fibroblasts Down miR-125b/SFRP5 Inhibiti myocardial fibrosis (79)

Circ-Amotl1 Human Cardiac tissue Up AKT1 phosphorylation, 

pATK nuclear translocation

Enhance cell proliferation and survival, protect 

Dox induced cardiomyopathy

(80)

hsa_circ_0007623 Human Huvec Up miR-297 Promotes cardiac repair (81)

CircSNRK Rats Cardiomyocyte Down miR-103-3p/GSK3 β/

β-catenin

Inhibits apoptosis, induces angiogenesis, 

promotes cardiac repair

(82)

CircFndc3b Mice Cardiac tissue Down FUS/VEGF-A Reduces cardiomyocyte apoptosis, promotes 

angiogenesis, limits infarct size, improves 

cardiac function

(83)

CircMACF1 Mice Cardiomyocyte Down miR-500b-5p/EMP1 Repair cardiomyocyte apoptosis,reduce MI size (84)

CircPostn Human/

mice

Plasma/

cardiomyocyte

Up miR-96-5p/BNIP3 Beneficial to H/R induced cardiomyocyte 

apoptosis, injury and remodeling

(85)

CircNfix Rats Cardiomyocyte Up miR-214/Ybx1 Deletion: induces myocardial regeneration and 

angiogenesis,inhibits cardiomyocyte apoptosis 

(86,87)

CircCDYL Mice Cardiomyocyte Down miR-4793-5p/APP Promote cardiomyocyte proliferation, induce 

cardiac regeneration,improve prognosis

(88)

AMI, acute myocardial infarction; MI, myocardial infarction; I/R, ischemia/reperfusion; HUVEC, Human Umbilical Vein Endothelial Cell; H/R, hypoxia/

reoxygenation.
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So in the same way, silencing or overexpressing of MF 
related circRNA may regulate cardiac function, promote 
cardiac repair and improve prognosis after MI.

Involved in inflammatory after MI 

The ischemic injury of cardiomyocyte after AMI triggers 
a series of inflammatory responses, and the expression of 
certain circRNAs is regulated by oxidative stress. These 
circRNA mediate the generation of reactive oxygen 
species (ROS) and promote inflammation, cell death and 
apoptosis. For example, The expression of Circ_0060745 
was significantly increased in the myocardium of mice with 
AMI. Knock out Circ_0060745 inhibited the apoptosis of 
cardiomyocytes and the expression of IL-6, IL-12, IL-1β, 
TNF-α and NF-κB. Overexpress Circ_0060745 resulted 
in increased infarct size and deteriorate cardiac function 
after AMI. Knock out Circ_0060745 reduced infarct size 
and improved cardiac function after MI by inhibiting 
cardiomyocyte apoptosis and inflammation (68).

Involved in angiogenesis after MI

Angiogenesis after AMI promotes cardiac repair, improves 
cardiac function and prognosis. Studies indicated that silence 
hsa_circ_0007623 could reduce cell proliferation, migration 
and angiogenesis in hypoxia induced human umbilical 
vein endothelial cells (HUVECs). hsa_circ_0007623 could 
promotes cardiac repair and protects cardiac function after 
acute myocardial ischemia (81). It has also been found 
that hsa_circ_0003204 may be involved in angiogenesis 
by regulating epithelial mesenchymal transition (EMT), 
and may delay the repair of endothelial cell injury (73). 
Boeckel et al. found that silence CircZNF292 reduced 
the tube formation and bulb sprouting of endothelial 
cells, and confirmed the role of CircZNF292 in promote  
angiogenesis (95). Overexpress CircSNRK could inhibit 
cardiomyocyte apoptosis, induce angiogenesis and cardiac 
regeneration, significantly restore myocardial function, and 
improve prognosis after MI (82).

In addition, Zeng et al.  found that Circ-Amotl1 

Table 3 CircRNA as biomarker of AMI

CircRNA Species Samples Expression Pathway Function Ref.

CircTMEM165, CircUBAC2, CircZNF609, 
CircANKRD12, CircSLC8A1

Human Blood Up – Improve the accuracy of 
AMI diagnosis

(18)

CircRNA_081881 Human Plasma Down miR-548/PPARγ Target for accurate 
diagnosis and treatment

(89)

hsa_circRNA_001654, hsa_
circRNA_091761, hsa_circRNA_405624, 
hsa_circRNA_406698

Human Coronary blood Up has-miR-491-3p, 
has-miR-646, has-
miR-603, has-
miR922/RUNX1

Biomarkers for the 
diagnosis of AMI

(90)

Circ-RCAN2 Pig Cardiac tissue Down – Diagnostic value for AMI (91)

CircSLC8A1, CircNFIX Rats Cardiomyocyte Up – Diagnostic markers of 
SCD caused by IHD

(87)

MICRA Human Blood Down microRNA-150 Predict LV dysfunction (92,93)

CircNfix Rats Cardiomyocyte Up miR-214/Ybx1 Diagnostic biomarker (86,87)

CircPAN3 Rats Cardiac 
fibroblasts

Up miR-221/FoxO3/
ATG7

Potential biomarker for 
cardiac fibrosis therapy

(70)

CircROBO2 Mice Cardiomyocyte Up miR-1184/TRADD Provide evidence for 
clinical prognosis

(71)

CircFASTKD1 Human Endothelial cells Down miR106a Biomarkers for AMI 
prognosis

(72)

hsa_circ_0124644 Human Peripheral blood Up – Can be used as a 
diagnostic biomarker  
of CAD

(94)

AMI, acute myocardial infarction; SCD, sudden cardiac death; IHD, ischemic heart disease; LV, left ventricle; CAD, coronary artery disease.
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was highly expressed in the neonatal heart, increased 
card iomyocyte  surv iva l ,  reduced  apoptos i s ,  and 
played a protective role in doxorubicin (Dox)-induced 
cardiomyopathy (80). Circ-Foxo3 was highly expressed in 
the hearts of elderly patients and mice, and overexpress 
CircFoxo3 could induce aging (69). At present, there are 
relatively few studies on circRNA and cardiac aging, which 
is a new field. 

In summary, we can consider silencing or overexpressing 
some specific circRNAs to reduce myocardial injury, 
promote cardiac repair, improve cardiac function and 
prognosis from all aspects of apoptosis, inflammation, 
autophagy, fibrosis and angiogenesis. It may be a promising 
therapeutic target for the recovery of cardiac function  
after MI.

Involved in cardiac repair after AMI

At present, circRNA has been observed to promote or 
inhibit cardiac repair in many animal studies (summarized 
in Figure 3 and Table 2). Wang et al. revealed the role of 
Circ-ZNF609 in myocardial I/R injury. Knockdown of 
Circ-ZNF609 prevented acute I/R injury and attenuated LV 
dysfunction after I/R and contributes to cardiac repair (96).  
A study has identified that CircNfix overexpress in heart 
of human, rat and adult mouse. Down-regulation of 
CircNfix could promote cardiomyocyte proliferation and 
angiogenesis, inhibit cardiomyocyte apoptosis, and alleviate 
cardiac dysfunction after MI, ultimately promotes cardiac 

repair and functional recovery after AMI (86). In a previous 
study, circRNA microarray analysis was performed in 
mouse heart three days after AMI, which suggest that the 
overexpression of CircFndc3b could reduce cardiomyocyte 
and endothelial cell apoptosis, enhances neovascularization, 
limits infarct size, regulates cardiac repair after MI and 
improves myocardial function (83). Therefore, we can 
consider that knockdown of Circ-ZNF609 may serve as 
a promising therapeutic target to reduce myocardial I/
R injury. CircNfix and CircFndc3b may be effective 
therapeutic target for restoring cardiac function after AMI.

The overexpressed Cdr1as promoted apoptosis of 
cardiomyocyte and increased infarct size in mice after  
MI (60). Interestingly, another study confirmed that the 
high tissue level of circRNA CDR1as in the AMI region of 
pig hearts was significantly correlated with left ventricular 
and right ventricular ejection fraction (LVEF, RVEF), and 
LV stroke output, and negatively correlated with infarction 
size (97). The overexpressed CircMACF1 could effectively 
repair cardiomyocyte apoptosis, significantly reduce infarct 
size and inhibit the progression of AMI (84). Down-
regulation of CircFASTKD1 could promote angiogenesis, 
thereby improve the prognosis of MI (72). Knocking out 
CircPostn significantly reduced myocardial injury and 
infarct size in AMI mice, significantly increased LVEF, and 
inhibited the thickness of LV anterior and posterior wall 
diastolic (85). The overexpression and downregulation of 
CircCDYL after AMI improved and worsened the cardiac 
function, promoted and inhibited the proliferation of 

Figure 3 CircRNA involved in cardiac repair after AMI. AMI, acute myocardial infarction. 
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cardiomyocytes in vitro, respectively (88).
Although many studies have observed the aggravating 

or alleviating effects of circRNA on AMI in animal 
experiments. However, we need more experiment to knock 
out or overexpress specific circRNA in patients with AMI, 
and to observe its effect in human body for a long term, so 
as to explore targeted drugs for the treatment of AMI.

Involved in the differentiation of stem cell after AMI

Stem cell therapy has been widely used in regenerative 
medicine. A study has shown that during the differentiation 
of various types of stem cells, a large number of circRNAs, 
such as CDR1as, CircFOXP1 and CircZNF91, are 
dysregulated, which regulate the differentiation of different 
kinds of stem cells through the circRNA-miRNA-mRNA 
interaction network and various signaling pathways (such as 
PI3K Akt, MAPK and Wnt signal pathway) (98). Studies on 
cardiac regeneration have found that circRNA is involved 
in the proliferation and differentiation of cardiac cells, and 
participates in regulating the process of the differentiation of 
stem cells into cardiomyocyte-like cells. Most studies have 
focused on the regulation of circRNA during the process 
of differentiation of mesenchymal stem cells (MSCs) and 
induced pluripotent stem cells (iPSCs) (99,100). Lei et al. 
found that circRNA is highly enriched in cardiomyocytes 
derived from human iPS [a type of pluripotent stem cell 
(PSC)], so cardiac specific circRNA, including CircALPK2, 
CircCACNA1D, CircSLC8A1 and CircSPHKAP, can be 
used as biomarkers of cardiomyocytes (101). A study by 
Ruan et al. found that circRNA was differentially expressed 
in human umbilical cord-derived mesenchymal stem cells 
(hucMSCs) (102). Yang et al. found that the expression level 
of CDR1as was very high in hucMSCs, and knockdown 
of CDR1as inhibited the proliferation and differentiation 
potential of hucMSCs (103). Cherubini et al. showed that 
CircFOXP1, as a sponge of miR-17-3p and miR-127-5p, 
promoted the proliferation and differentiation of MSCs and 
was involved in regulating the differentiation of MSCs (99).  
In addition, CircRNA_05432, CircRNA_08441 and 
CircRNA_01536 were identified as key regulator during 
the differentiation of hucMSCs into cardiomyocyte-like  
cells (102). After AMI, due to the lack of clinically significant 
regeneration ability of mature cardiomyocytes, necrotic 
myocardial are usually replaced by non-functional scar 
tissue, but that’s not the best way to repair. Therefore, future 
research should focus on circRNA and the proliferation and 
differentiation of cardiomyocytes.

CircRNA as biomarker of AMI

At present, the main diagnostic markers for AMI are CK-
MB and cTnT/I, but many diseases other than heart 
such as pulmonary embolism (PE) may interfere with the 
diagnosis (104). Therefore, we need to further explore 
biomarkers with higher sensitivity and specificity. CircRNAs 
have been proven to be effective biomarkers for many 
diseases, such as cancer, acquired pneumonia, and Kawasaki 
disease (105-107). The expression of circRNAs is supernal in 
patients with AMI and they may be sensitive biomarkers of 
AMI due to the stability and conservation (49). Therefore, 
highly stable, conserved and specific circRNAs may open up 
a new landscape for the diagnosis and prognosis of AMI (as 
summarized in Table 3).

According to bioinformatics analysis, the up-regulated 
CircTMEM165, CircUBAC2, CircZNF609, CircANKRD12 
and CircSLC8A1 were highly related to MI, and these five 
circRNAs could be used to improve the diagnostic accuracy 
of MI (18). A study has confirmed that CircRNA_081881 
in plasma could be used as a potential target for precise 
diagnosis and treatment of AMI (89). Zhao et al. showed 
that Hsa_circRNA_001654, hsa_circRNA_091761, 
hsa_circRNA_405624 and hsa_circRNA_406698 were 
significantly increased in the blood of patients with AMI, 
which could be used as potential biomarker for early 
diagnosis of AMI (90). The knockdown of CircROBO2 
could reduce cardiomyocyte apoptosis by regulate miR-
1184/TRADD axis, which may be a potential pathogenic 
gene of AMI and may provide evidence for the clinical 
prognosis of AMI (71). The different expression patterns 
of Circ-RCAN2 in the heart tissue of MI pigs suggest 
that Circ-RCAN2 has diagnostic significance for MI (91).  
The circRNA has_circ_0124644 was confirmed to be 
a potential biomarker. When has_circ_0124644 was 
introduced, the specificity and sensitivity of diagnosis were 
significantly improved for CVD (94). A meta-analysis 
identified CircCDKN2BAS and CircMACF1 were valuable 
biomarkers for CVD (108). But the last two studies did not 
specifically target AMI.

CircRNA as a biomarker has also been studied in 
forensic medicine. In acute ischemic heart disease (IHD) rat 
model, CircSLC8A1 was positively correlated with CK-MB 
in pericardial fluid and CircNFIX was negatively correlated 
with the degree of coronary artery stenosis. CircSLC8A1 
and CircNFIX could be used as auxiliary diagnostic markers 
for SCD caused by IHD in forensic medicine (87). In 
terms of the prognosis of AMI, Vausort et al. found that 
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patients with low expression of MICRA had a higher risk 
of LV dysfunction, and that MICRA could predict LV 
dysfunction three-four months after AMI and could be used 
for risk classification of AMI and early judgment of cardiac 
prognosis (92,93).

In general, with the in-depth study of circRNA, more 
and more circRNAs will be expected to become new 
biomarker, which will provide a more perfect strategy 
for the accurate diagnosis of AMI, medical identification 
in forensic medicine, risk classification and prognosis 
judgment after AMI. However, further studies are needed to 
compare the advantage of circRNA and cTn T/I, CK-MB, 
and NT-proBNP, and to confirm their clinical application.

Discussion and summary

With the further exploration of circRNA, new diagnostic 
and therapeutic method for AMI have attracted wide 
attention. Most evidence shows that circRNA is involved 
in and regulates the pathogenesis and pathophysiological 
of AMI mainly by regulating the circRNA/miRNA/mRNA 
axis. Silence or overexpress certain specific circRNAs can 
promote the process of cardiomyocyte apoptosis, fibrosis 
and other aggravating AMI, as well as the process of 
alleviating AMI such as angiogenesis and cardiac repair, 
which is a potential therapeutic target of AMI. Some specific 
circRNAs have also been identified as biomarker of AMI. 
In this paper, we systematically reviewed the biological 
characteristics of circRNA, involved in pathophysiology 
and cardiac repair of AMI, and is considered as a biomarker  
of AMI.

This review also has limitations. For example, we should 
notice that many studies on circRNA and AMI are still in 
the preliminary stage and focus on animal experiments, 
with mice or rats as specimens. Due to the complexity 
and expense of sequencing technology for circRNA, the 
sample size of sequencing is relatively small. However, 
the detection technology of cardiac troponin has been 
very mature and cheap. Therefore, we urgently need to 
improve the detection technology of circRNA, and more 
experiments in vivo are needed to observe the long-term 
influence of overexpress or silence some certain circRNA 
on cardiac function and prognosis after AMI, and further 
explore the clinical application value of genetic inhibitors or 
agonists for cardiac recovery after AMI.

It is also worth noting that circRNA and myocardial 
senescence after AMI may be a new field. In conclusion, 
circRNA has broad application prospects as specific 

biomarker and therapeutic target for AMI, which can be 
considered as an emerging role in AMI. We believe that 
circRNA will be widely used as a novel strategy for the 
diagnosis and treatment of AMI, and greatly reduce the 
adverse consequences of AMI.

Conclusions

CircRNA is mainly involved in and regulates the 
pathophysiology process of MI through different circRNA/
miRNA/mRNA axes. Overexpressing or knockout certain 
specific circRNAs may aggravate or alleviate AMI. Some 
circRNAs have also been identified as biomarker of AMI. 
It has broad application prospects as specific biomarker and 
therapeutic targets for AMI, which can be considered as an 
emerging role in AMI. 
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Table S1 Detailed search strategy of the PubMed database

Database Search strategy Results

PubMed (acute myocardial infarction[MeSH Terms]) AND (Circular RNA[MeSH Terms]) 14

PubMed (myocardial infarction[MeSH Terms]) AND (Circular RNA[MeSH Terms]) 47

PubMed (Circular RNA[MeSH Terms]) AND (cardiovascular disease[MeSH Terms]) 579

PubMed (Coronary heart disease[MeSH Terms]) AND (Circular RNA[MeSH Terms]) 26

PubMed ((CircRNA[MeSH Terms]) AND (myocardial infarction[MeSH Terms])) AND (biomarkers[MeSH Terms]) 2

PubMed ((CircRNA[MeSH Terms]) AND (myocardial infarction[MeSH Terms])) AND (Pathophysiology) 3

PubMed (CircRNA[MeSH Terms]) AND (myocardial apoptosis) 91
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