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Abstract. As one of the leading causes of death in women 
in Western developed countries, endometrial carcinoma (EC) 
is a common gynecological malignant tumor that seriously 
threatens women's health. In recent years, a trend has emerged 
of EC being manifested in younger women, and its overall 
incidence is gradually rising. Circular RNAs (circRNAs) 
are novel endogenous transcripts that have limited ability to 
encode proteins due to their covalent closed‑loop structure, 
which differs from that of other types of RNA. A growing 
body of evidence has demonstrated that circRNAs fulfill an 
important role in lung cancer, gastric cancer, breast cancer, 
EC and other malignant tumor types, and they can affect the 
occurrence and development of these malignancies through 
a variety of pathways, further demonstrating the potential of 
circRNAs as molecular biomarkers for the diagnosis, treat‑
ment and prognosis of malignant tumors. The purpose of the 
present review is to summarize the current understanding of 
the biogenesis and effects of circRNAs, and to discuss the 
expression, function and underlying mechanism of circRNAs 
in EC in order to identify potential novel biomarkers.
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1. Introduction

Endometrial carcinoma (EC), also known as endometrial 
cancer, refers to a group of epithelial malignant tumors 
originating in the endometrium, and it is the most common 
gynecological malignant tumor in the United States in terms 
of incidence (1). EC ranks second among gynecological malig‑
nant tumors in China in terms of incidence, and its mortality 
rate is increasing year by year (2). EC accounts for ~85% of 
newly diagnosed cases, serous carcinoma accounts for 3‑10%, 
clear cell carcinoma accounts for <5% and carcinosarcomas are 
relatively rare (3). The International Federation of Gynecology 
and Obstetrics staging system (4) is used for EC, which is 
divided into stages I‑IV, and the survival rate decreases as the 
stage progresses (4). At present, the main screening methods 
for EC are hysteroscopy, segmented curettage and endometrial 
biopsy, and surgery combined with chemotherapy is the most 
common treatment for EC (5). The procedures involved include 
pelvic lymph node dissection, bilateral salpingo‑oophorec‑
tomy and hysterectomy (6), and carboplatin combined with 
paclitaxel provides the means of first line chemotherapy (7). 
However, although therapies, including surgery, radiotherapy 
and chemotherapy, have provided good results (8), there is still 
an urgent need to identify novel molecular therapies to target 
the disease.

Circular RNAs (circRNAs/circs) are a class of endog‑
enous non‑coding RNA molecules that do not have 5'‑end 
caps and 3'‑end poly(A) tails (9), and form a circular struc‑
ture with covalent bonds. They are abundant molecules that 
are less easily degraded by RNase R and are more stable 
than linear RNA (10). circRNAs are frequently ectopically 
expressed in a variety of malignancies, including bladder (11), 
colorectal (12), breast (13) and lung (14) cancer. circRNAs 
fulfill important phenotypic roles, including roles in prolifera‑
tion, invasion, metastasis and drug resistance, in various types 
of malignancies, including bladder, colorectal, breast and lung 
cancer (11‑14). circRNAs are also associated with tumor size, 
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lymph node metastasis and cancer stage (15,16). Furthermore, 
certain circRNAs have been identified as molecular biomarkers 
for the diagnosis, treatment and prognosis of various types of 
human cancer (15).

In the present review, the biogenesis, classification and 
functions of circRNAs are summarized. Furthermore, the 
expression and biological functions of circRNAs that are 
involved in EC are reviewed.

2. Study design

In the present review, relevant literature was searched for using 
the PubMed (https://pubmed.ncbi.nlm.nih.gov/) and Web of 
Science (http://wokinfo.com) databases, mainly focusing on 
the past 5 years (2017‑2022), while a small number of studies 
identified were published >5 years ago. The search terms used 
were ‘endometrial carcinoma’ and ‘circRNAs’. The language 
limit was English. Two authors searched relevant literature 
according to the topic of this review. The inclusion criteria 
were: Inclusion of endometrial carcinoma and circRNAs or 
association with both. The exclusion criteria were: No asso‑
ciation with endometrial carcinoma or circRNAs. Articles 
including the key words ‘endometrial carcinoma’ and 
‘circRNAs’ were searched and cited. Two authors approved 
the final list of included studies.

3. Formation and classification of circRNAs

Numerous types of circRNA have been found to be expressed 
in a cell type‑specific or tissue‑specific manner  (17,18), 
suggesting that they may fulfill biological functions. In the 
majority of eukaryotes, circRNAs, transcribed by RNA poly‑
merase II and produced by spliceosomes, are covalently closed 
single‑stranded RNA molecules that are formed through the 
reverse splicing of precursor mRNA (19,20). The precursor 
mRNA could be generated either through efficient canonical 
splicing to generate linear RNA, or by inefficient reverse 
splicing to generate circRNAs (9). circRNAs lack 5'‑3' ends 
and poly(A) tails, which render them less susceptible to RNase 
R degradation compared with linear RNAs, and thus, they are 
more stable than linear RNAs (10). There are three known 
mechanisms through which circRNAs may be formed, i.e., 
intron‑pairing, lariat-driven circularization and RNA binding 
protein (RBP)-driven circularization (21). In the intron‑pairing 
model, circularization via back‑splicing is associated with 
base‑pairing between different introns, particularly between 
repetitive sequences such as ALU repeats, whereas lariat‑driven 
circularization occurs by adding splice sites of the exons that 
are skipped during linear RNA formation (22,23).

According to the method of splicing, circRNAs may be 
classified into four different types: Exonic circRNAs (Fig. 1A), 
intergenic circRNAs (Fig. 1B), intronic circRNAs (Fig. 1C) and 
exonic‑intron circRNAs (Fig. 1D) (24,25). circRNA biogenesis 
is also regulated by trans‑acting factors, such as RBPs (26). 
circRNAs are stable and specifically expressed both intracel‑
lularly and in extracellular fluid (27). Although circRNAs are 
generally expressed at low levels (27), increasing evidence 
has demonstrated that circRNAs are involved in EC (28‑30). 
circRNAs carry multiple microRNA (miRNA/miR) binding 
sites, and regulate the activity of target miRNAs through their 

competitive binding, thereby inhibiting the transcription of 
downstream products  (31). miRNAs are small non‑coding 
single‑stranded RNAs that bind to the 3'‑untranslated region 
of mRNAs, thereby inducing mRNA degradation or inhibiting 
protein translation (32,33), and thus, the functions of miRNAs 
are closely associated with tumor cell development, prolif‑
eration, metastasis, invasion and amino acid transport (34,35). 
Targeted therapies that affect tumor cell proliferation, signal 
transduction, apoptosis, receptor activation and epigenetic 
modification offer major breakthroughs in terms of the treat‑
ment of human malignant tumors (36,37). For example, as 
a molecular target of neural tumors, the Bombesin‑receptor 
family can achieve good therapeutic effect  (38), and as a 
molecular target of ovarian cancer, AKT is essential for its 
treatment (37). circRNAs are becoming increasingly impor‑
tant in this field due to their relevance in the progression of 
malignant tumors (39).

4. Biological functions of circRNAs

circRNAs act as sponges of miRNAs. miRNAs fulfill an 
important role in EC development. circRNAs act as natural 
‘sponges’ for miRNA, thereby further affecting the func‑
tions of miRNAs  (40). In 2013, Memczak  et  al  (41) and 
Hansen  et  al  (42) demonstrated that antisense circRNAs 
derived from cerebellum degeneration‑related antigen 1 tran‑
script (CDR1as) were able to act as miRNA sponges for mir‑7 
to regulate midbrain development in zebrafish. They also 
found that these circRNAs were located in the cytoplasm, and 
formed ribonucleoprotein complexes with miR‑7 and argo‑
naute proteins (41,42). These circRNAs contain >70 conserved 
binding sites for miR‑7, enabling them to effectively inhibit its 
activity as a molecular sponge (41,42). Two circRNAs, CDR1as 
(ciRS‑7) and circSry, were found to bind to, and possibly regu‑
late, specific miRNAs (41,42). A growing body of evidence 
suggests that circRNAs may act as sponges of miRNAs by 
regulating transcription (43), translation or epigenetic changes 
of target genes by inhibiting miRNAs by enveloping the 
binding sites of RBPs (44). They have been demonstrated to 
be involved in the regulation of various biological processes 
and participate in the occurrence and development of different 
types of malignant tumor by enriching various forms of 
epigenetic modification  (45‑47). For example, circRNAs 
modulate biological processes such as invasion, proliferation 
and metastasis through methylation in bladder cancer (47) and 
gastric cancer (48). The potential use of circRNAs as thera‑
peutic targets and biomarkers for human cancer types has been 
previously highlighted (14,30).

circRNAs and RBPs. RBPs are a class of proteins that are 
widely involved in gene transcription and translation (44). 
circRNAs partly exert their functions via interaction with RBPs 
in processes such as target gene genesis, translation, transcrip‑
tional regulation and extracellular transport (44). circRNAs are 
able to bind to different RBPs to form specific circRNPs (44), 
which are complexes formed by circRNAs and RBPs (44). The 
biological function of circRNAs can be regulated by RBPs 
through cycles driven by RBPs (21). Certain circRNAs may 
function as mRNAs, since they contain a large number of m6A 
modifications that are sufficient to drive protein translation in 
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a catabolite activator protein‑independent manner, as opposed 
to linear mRNAs, which initiate translation by ordinary ribo‑
somal scanning (49). It has been demonstrated that RBPs are 
also involved in the translation of circRNAs (44). Exosomes 
can act as circRNA‑loaded carriers to transfer genetic 
information between cells, and transport circRNAs into 
the extracellular environment (50). Various types of RBPs, 
including RNA binding motif protein 5, RNA binding motif 
protein 6 and putative RNA exonuclease NEF‑sp, have been 
reported to act as intracellular inducers loaded with circRNAs 
in receptor exosomes to promote circRNA propagation in the 
mother cells (51). In order to explore the relationship between 
RBPs and circRNAs in more detail, it would be helpful to 
further explore the role of circRNAs in the pathophysiology 
of malignant tumors.

Translation of circRNAs. In 1995, researchers found that 
circRNAs, when translated, could yield repeated polypeptide 
chains based on the presence of a continuous open reading 
frame (ORF), but only when they contained internal ribosomal 
entry sites (IRESs) (52). Due to the lack of a 5'‑cap in circRNAs, 
their translation needs to be initiated by a mechanism that 
does not rely on a cap structure (53,54). Recent studies have 
demonstrated that the translation of circRNAs can be initiated 
in two ways (53,54). The majority of circRNAs contain IRESs 
that are able to directly initiate translation (55). Downstream 
of the IRES is the ORF, and different circRNAs have their own 
unique ORFs, a feature that is also different from mRNA (55). 
At present, three different types of ORFs have been identified 
in circRNAs (55). The roles of circRNA‑encoding peptides 

and proteins depend on the characteristics of overlapping 
amino acid sequences  (56). The first ORF starts with the 
mRNA initiation codon ATG and ends with the termination 
codon TGA (57). A special sequence in this ORF is formed 
by a series of 5'‑ends and 3'‑ends in the reverse splicing that 
occurs after circRNA splicing (57). When ribosomes translate 
this sequence, a novel peptide is generated (57). The second 
ORF generates a new sequence, ‘UGAUGA’ or ‘UAAUGA’, 
from the 5'‑ends and 3'‑ends. This is called the overlapping 
start‑stop codon, which encodes a new polypeptide when 
the ribosome reads the initiation codon AUG (56). The third 
ORF begins at the initiation codon (AUG) of the mRNA and 
is similar to the first ORF, with the exception that the final 
termination codon is formed by reverse splicing (58). Infinitely 
translatable circRNAs have also been created, with an infinite 
ORF, and no IRES, stop codon (59), 5'‑cap or 3‑poly(A) tail, 
but with the same ribosomal bound Shine‑Dalgarno sequence 
and the AUG start codon (60).

circRNAs regulate parental gene transcription. Since 
circRNAs are regarded as splicing isomers, gene transcrip‑
tion may be regulated at various regulatory levels via 
translation into functional proteins, or by reducing the number 
of canonical splicing transcripts that can be translated into 
functional proteins (61). Muscleblind (MBL) is a post‑splicing 
trans‑splicing element, which is important in tissue‑specific 
alternative splicing (61). The binding of splicing factor MBL 
protein to MBL motif located in the flanking intron may 
promote the formation of circRNAs via the MBL gene (61). 
A previous study revealed that certain exon loops that retain 

Figure 1. Schematic diagram of the classification of circRNAs. According to the biogenesis characteristics from genomic regions, circRNAs are often divided 
into four types as follows: (A) ecircRNA (Lasso‑driven cyclization); (B) IciRNAs (individual introns form rings directly); (C) ciRNA (introns are cyclized 
by base complementary pairing); and (D) EIcircRNAs (cyclization mediated by RBPs and trans‑acting factors). circRNA, circular RNA; ciRNA, intronic 
circRNA; ecircRNA, exonic circRNA; EIcircRNAs, exonic‑intron circRNAs; IciRNAs, intergenic circRNAs; RBP, RNA binding protein. 

https://www.spandidos-publications.com/10.3892/or.2022.8427
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intron segments between exons were located mainly within 
the nucleus, and they regulated their parental genes through 
cis‑modulation via specific RNA‑RNA interactions  (62). 
Several intron‑retained circRNAs, such as circNCOR1, have 
been demonstrated to be associated with human RNA poly‑
merase II and are localized within the nucleus, suggesting 
that they may regulate gene expression (62). Further research 
has indicated that these circRNAs may interact with U1 small 
nuclear ribonucleoprotein, thereby upregulating the expres‑
sion of their parental genes (62). Although, during splicing, 
circRNAs and their corresponding colinear forms may 
compete with each other during biogenesis (19), the expression 
of circRNAs and mRNAs may be promoted simultaneously. 
circRNAs containing the initiation codon AUG may affect 
the expression of linear genes, whereas the linear transcripts 
used to splice circRNAs are forced to use another initiation 
codon for translation, resulting in a negative association 
between the transcription of certain circRNAs and their 
parent mRNAs (63), suggesting that circRNAs may inhibit the 
expression of their parent genes. This process also serves an 
important role in the occurrence and treatment of tumors. For 
example, circRNAs can regulate the transcription of parental 
genes through RNA‑RNA interaction with U1 snRNA (62).

5. Differential expression of circRNAs in EC

With the progression of the second generation of 
high‑throughput sequencing techniques, an ever‑increasing 
number of circRNAs are being identified (52). Accumulating 
evidence has indicated the differential expression and diverse 
functions of circRNAs in EC (52,64,65). As shown in Table I, 
the upregulation and downregulation of circRNAs have been 
shown to participate in the pathological processes of EC, 
promoting or inhibiting EC.

Through high‑throughput sequencing analysis, Ye et al (64) 
analyzed the differential expression of circRNAs in two 
grade (G)3 EC samples and adjacent non‑cancerous endome‑
trial tissues, and revealed that the levels of a total of 62,167 
circRNAs were altered in G3 EC and para‑carcinoma endome‑
trial tissues. Among these, the levels of 25,735 circRNAs were 
elevated, whereas those of 36,432 were lowered (64).

Chen  et  al  (65) found that, compared with in normal 
endometrial tissue, the total expression of circRNAs in EC 
tissues was lower, and mainly derived from exon transcription. 
By comparing six EC tissues and normal endometrial tissues, 
they found that 120 circRNAs were differentially expressed. 
Among the 120 differentially expressed circRNAs, a total of 
22 circRNAs were upregulated in EC, whereas 98 were down‑
regulated. Among the 120 differentially expressed circRNAs, 
75 circRNAs were consistently expressed in EC and normal 
endometrial tissues, that is, they were either all upregulated or 
all downregulated in EC compared with normal endometrial 
tissues. The other 45 circRNAs were inconsistently expressed 
in all six EC samples.

In a clinical study, Xu  et  al  (66) collected serum 
samples from 10 patients with EC and 10 matched (loca‑
tion‑, age‑ and sex‑matched) healthy patients. A total of 275 
circRNAs were found to be differentially expressed in EC, 
including 209 circRNAs that were upregulated [the first two 
(hsa_circ_0002577 and hsa_circ_0109046) were screened 

from all the expression profiles]. Among the 66 circRNAs 
that were downregulated, the first two (hsa_circ_0109271 and 
hsa_circ_0098110) were screened from all expression profiles.

6. circRNAs in EC progression

The development of EC is a complex process, and cell 
proliferation, invasion and metastasis, resistance to treatment 
with drugs and radiation, glycolysis and angiogenesis are all 
involved in EC (67). Numerous tumor phenotypes, including 
cell proliferation, invasion and metastasis, resistance to treat‑
ment with drugs and radiation, glycolysis, and angiogenesis, 
are regulated by circRNAs (67‑69).

circRNAs regulate cell proliferation and motility in EC. 
Proliferation, invasion and metastasis are the basic features 
of malignant tumors, involving a series of complex multi‑step 
interactions among tumor cells and the host (70). For example, 
bladder cancer, gastric cancer  (47,48) and EC all have the 
potential of proliferation, invasion and metastasis (70,71).

circRNAs are closely involved in the regulation of cell prolif‑
eration via multiple pathways. At present, several studies have 
demonstrated that circRNAs adsorb miRNAs through numerous 
pathways and fulfill a role in EC development (28,29,71). For 
example, circIFT80 [circBase ID (http://www.circbase.org/), 
hsa_circ_0067835], circWHSC1, circSLC6A6, circATP2C1 
(circBase ID, hsa_circ_0005797) and circPOLA2 participate 
in the invasion, proliferation and metastasis of EC through the 
adsorption of miR‑324‑5p (71), miR‑646 (28), miR‑497‑5p (29), 
miR‑298 (30) and miR‑31 (70), respectively. Notably, it has been 
reported that activation of these pathways depends on exogenous 
amino acids for energy (72).

Shu  et  al  (67) reported that knockout of circZNF124 
resulted in a marked reduction in the number of EC cells, 
decreased cell viability and colony formation, and decreased 
rates of invasion and leucine uptake. In EC, circZNF124 was 
demonstrated to be directly associated with miR‑199b-5p, and 
miR‑199b‑5p was negatively regulated by circZNF124 (67). 
Solute carrier family 7 member 5 (SLC7A5), also known as 
L-type amino acid transporter 1, belongs to the family of L 
system transporters that transport amino acids, such as leucine 
and valine, into cells (73). SLC7A5 promotes cell prolifera‑
tion, metastasis and leucine uptake, and its overexpression can 
reverse circZNF124 silencing‑mediated EC progression (67). 
These results indicate that circZNF124 may regulate the 
proliferation, migration and invasion of EC cells and their 
uptake of leucine via the miR‑199b‑5p/SLC7A5 signaling 
pathway, thereby promoting the development of EC (67).

Yang  et  al  (74) analyzed the effects of circATAD1 
overexpression on miR‑10a expression and methylation 
through reverse transcription‑quantitative PCR and methyla‑
tion‑specific PCR. Their study indicated that overexpression 
of circATAD1 led to a reduction in miR‑10a expression and 
an increase in the methylation of the miR‑10a gene, which 
indicated that circATAD1 may downregulate miR‑10a through 
methylation to inhibit the invasion and migration of EC cells.

circRNAs are involved in the angiogenesis of EC. The forma‑
tion of new capillaries in the existing vascular network, both 
into and inside the tumor, is essential for the growth and 
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metastasis of EC (75). Therefore, inhibition of tumor angiogen‑
esis is a strategy that may be employed to inhibit EC growth.

Previous studies have demonstrated that the proliferative 
ability of EC cells was enhanced following the upregulation of 
the expression of circWDR26 (circBase ID, hsa_circ_0002577), 
whereas knocking down its expression effectively inhibited 
the proliferation, invasion and metastasis of EC cells (76,77). 
Another key to tumor development is angiogenesis, the creation 
of a network of new capillaries that carry oxygen and nutrients 
needed for tumor tissue to grow (75). circWDR26 may act as 
a miRNA sponge to competitively bind with mir‑625‑5p and 
regulate its expression and function in cells (76). Insulin‑like 
growth factor 1 receptor (IGF1R) has been identified as a 
downstream target of miR‑625‑5P in EC cells (77). IGF1R is a 
transmembrane tyrosine kinase receptor involved in a variety 
of intracellular signaling pathways associated with tumors, 
including the PI3K/Akt signaling pathway  (77). Studies 
have demonstrated that circWDR26 is able to upregulate 
IGF1R, and activate the PI3K/Akt signaling pathway (77) by 
competitively binding miR‑625‑5p through sponging, thereby 
adversely affecting EC progression both in vitro and in vivo 
(Fig. 2) (76,77).

Li et al (78) demonstrated that circCORO1C (circBase ID, 
hsa_circ_0000437) contains an ORF that encodes a functional 
peptide, which competitively binds to aryl hydrocarbon receptor 
nuclear translocator and inhibits the coactivatory effect of 
transforming acidic coiled‑coil containing protein 3 on the 
vascular endothelial growth factor (VEGF) promoter, thereby 
suppressing the expression of VEGF (Fig. 2). CORO1C‑47aa, 
which serves a role in the initiation of angiogenesis, not only 
inhibits angiogenesis, but also inhibits the proliferation, 
migration and differentiation of endothelial cells (78). circ‑
CORO1C expression was found to be downregulated in EC 
tissues compared with matched paracancerous non‑cancer 
tissues (68). circCORO1C may serve an anti‑angiogenesis role, 
and it is anticipated that it may have potential use in the treat‑
ment of EC (68).

circRNAs are involved in the glycolysis of EC. EC cells mainly 
obtain their energy through glycolysis to promote their prolif‑
eration (79). Therefore, inhibition of glycolysis is a further 
means through which EC may be treated by restraining the 
proliferation of EC cells, and effectively killing them.

Jia et al (69) reported that circESYT2 (circBase ID, hsa_
circ_0001776) expression was downregulated in EC tissues 
compared with normal tissues, and in G3 EC tissues compared 
G1 + G2 EC tissues. Another study reported that the metabolic 
process of glycolysis fulfills a key role in the development of 
human malignant tumors (80), and the activation of glycolysis, 
with a consequent increase in lactic acid production, has been 
observed in a variety of different types of cancer cells, leading 
to changes in energy metabolism that are associated with the 
prognosis of patients with malignant tumors (81). By detecting 
the extracellular acidification rate and lactate 2 production, it 
is possible to confirm that circESYT2 can regulate glycolysis 
in EC cells (82). Leucine rich repeats and immunoglobulin 
like domains 2 (LRIG2) are mainly expressed in the ovary and 
uterus and serve an important role in the female reproductive 
system (82). circESYT2 acts as a sponge for miR‑182 to regu‑
late LRIG2 expression and inhibit tumor growth in vivo (69). Ta
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circESYT2 is also able to promote cell apoptosis, inhibit cell 
proliferation and glycolysis, and inhibit the progression of EC 
via the miR‑182/LRIG2 signaling axis (69).

circRNAs are involved in drug and radiation resistance of 
EC. As aforementioned, surgery combined with radiotherapy 
and chemotherapy is the most commonly used treatment for 
EC, whereas resistance to drugs and radiation poses a major 
difficulty in terms of the treatment of EC (5). 

To protect the fertility of young patients with EC, the 
preferred drugs for maintenance therapy are medroxyproges‑
terone acetate (MPA) and megestrol acetate (83). Although 
the therapy initially yields benefits, numerous patients with 
EC eventually develop resistance to progesterone; 63% of 
the patients do not respond when they receive MPA treat‑
ment again (84). In a study by Yuan et al (85), the differential 
expression of circZCCHC7 (circBase ID hsa_circ_0001860) 
in MPA‑sensitive EC cells and MPA‑resistant EC cells and 
tissues was first verified. circZCCHC7 was revealed to be 
downregulated in MPA‑resistant EC cells and tissues. circ‑
ZCCHC7 downregulation enhanced EC resistance to MPA via 
the miR‑520h/Smad7 axis. It was subsequently demonstrated 
that circZCCHC7 acted as a sponge for miRNAs, acting as a 
tumor suppressor and fulfilling an important regulatory role in 
MPA‑resistant and invasive EC (Fig. 3).

Radiotherapy is one of the adjuvant treatments for 
early‑stage EC (86). This therapy induces apoptosis of the 
cancer cells by disrupting DNA double strands and inhibiting 

cell cycle checkpoint activation  (86), thereby leading to 
improved survival rates of patients with early EC, and reduc‑
tions in the local recurrence of cancer (87). However, radiation 
resistance affects the clinical progression of EC, and can lead 
to tumor recurrence (88). Compared with normal endometrial 
tissue, EC tissue has more evident infiltration of tumor‑associ‑
ated macrophages (TAMs) (89). There is evidence that TAMs 
are able to regulate cancer progression and are involved in the 
radiation resistance of EC cells (89). Gu et al (89) reported that 
circTNFRSF21 (circBase ID, hsa_circ_0001610) was abun‑
dant in M2‑polarized macrophage‑derived exosomes, which 
reduced the radiosensitivity of EC cells. circTNFRSF21 was 
also found to promote radiation resistance of EC cells (Fig. 3).

Other circRNAs in EC. Some researchers (90,91) have found 
that the circRNAs heparan sulfate proteoglycan 2 (HSPG2) 
and RP11255H23.4 are only expressed in normal endometrial 
tissues and are missing in EC tissues  (90). They serve an 
important role in the pathogenesis of EC through competi‑
tive adsorption of corresponding miRNAs (90). Of the two 
circRNAs, HSPG2 is mainly involved in encoding the perlecan 
protein, a multidomain heparan sulfate proteoglycan  (90), 
which affects endothelial growth or regeneration through 
binding with growth factors on the basement membrane, 
thereby inhibiting the progression of EC (91). circZNF700 
(hsa_circ_0109046) promotes EC by acting as a competing 
endogenous RNA and indirectly upregulating high mobility 
group AT‑hook 2 expression (92). In addition, downregulation 

Figure 2. Formation of new capillaries in the existing vascular network into and inside the tumor is essential for the growth and metastasis of EC. circRNAs 
are involved in angiogenesis in EC. (A) circ_0000437 reduces VEGFA expression by blocking the association between ARNT and TACC3, which negatively 
regulates tumor angiogenesis and leads to reduced angiogenesis. (B) circ_002577 competitively binds to miR‑625‑5p, resulting in the upregulation of IGF1R 
and subsequent activation of the PI3K/Akt signaling pathway, which eventually leads to promotion of the formation of tumor blood vessels. Thick blue 
arrows indicate how circRNAs act. Blue lines indicate the product of the next step. Black arrows indicate causality. Dashed arrows indicate blocking. Yellow 
arrows indicate circRNAs acting as miRNA sponges. ARNT, aryl hydrocarbon receptor nuclear translocator; circRNA/circ, circular RNA; EC, endometrial 
carcinoma; HIF1‑α, hypoxia‑inducible factor 1‑α; HRE, hypoxia response element; IGF1R, insulin‑like growth factor 1 receptor; miRNA/miR, microRNA; 
P, phosphate group; PKB, protein kinase B; TACC3, transforming acidic coiled‑coil containing protein 3; VEGFA, vascular endothelial growth factor A. 
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of circZNF700 has been demonstrated to inhibit the prolifera‑
tion, migration, invasion and epithelial‑mesenchymal transition 
(EMT) of EC cells (92). Furthermore, circPUM1 serves the 
role of being a miRNA sponge, as it has been reported to bind 
to miR‑136, promoting the proliferation, migration and inva‑
sion, and inhibiting the apoptosis, of EC cells (93). Destruction 
of the structure of circPUM1 led to a reduction in the 
tumorigenicity of EC cells in nude mice (93). A recent genome 
sequencing study has revealed that circTNFRSF21 (circBase 
ID, hsa_ circ_0001610) is upregulated in G3 EC compared 
with the adjacent non‑cancerous tissues  (64). A previous 
study on cancer stem‑like cells (CSCs) has revealed that the 
tumorigenic ability of CSCs is greatly reduced following 
the knockdown of MAPK13, suggesting that MAPK13 may 
serve a role in tumor progression (94). MAPK13 is the target 
of miR‑1227 in EC cells  (95). Liu  et  al  (95) revealed for 
the first time that the novel circRNA circTNFRSF21 could 
regulate MAPK13 expression via a competitive interaction 
with miR‑1227, thereby activating the MAPK13/activating 
transcription factor 2 signaling pathway and promoting the 
formation of EC. circFAT1 has been revealed to be upregu‑
lated in EC, which leads to an increase in the cell stemness 
viability of cancer cells via upregulation of miR‑21 (96). The 
cytoplasmic polyadenylation element‑binding protein (CPEB) 
family is expressed differently in different types of tumors, 

thereby exerting an important role in the occurrence and 
development of tumors. circESRP1 has been demonstrated to 
act as a sponge for miR‑874‑3p to promote the EMT process 
through CPEB4, thereby promoting the proliferation, inva‑
sion and metastasis of EC cells both in vitro and in vivo, and 
promoting tumor growth in vivo (97).

Exosomal circRNAs in EC. Extracellular vesicles (EVs) are 
membranous vesicles secreted by a variety of cells, facilitating 
intercellular communication by transporting intracellular 
substances (91). Different RNAs can be transferred between 
cells through EVs  (91,98). A previous study demonstrated 
that circRNAs are abundant and stable in exosomes  (91). 
Secresome is a key factor in the formation of the tumor 
microenvironment (98). circRNAs are abundant and expressed 
stably in exosomes, and exosomes can be detected in body 
fluids  (91). In the serum of patients with EC, the number 
of upregulated circRNAs has been reported to exceed the 
number of downregulated circRNAs (66). circRNAs regulate 
angiogenesis, drug resistance, immunity and metabolism via a 
range of different mechanisms (66). Tumor angiogenesis leads 
to a hypoxic microenvironment, which leads to acidification of 
the tumor microenvironment, affecting immune cell recogni‑
tion and the response to tumor cells, subsequently leading to 
immunosuppression (99). In addition, tumor cells consume a 

Figure 3. Surgery combined with radiotherapy and chemotherapy is the most commonly used treatment for EC, even though development of resistance to the 
drugs and radiation is an obstacle encountered in the treatment of EC. (A) circ_0001860 expression is upregulated in EC cells following MPA treatment, and 
circ_0001860 subsequently binds to miR‑520h and regulates the expression and activity of Smad7, thereby inhibiting phosphorylation of Smad2/3, leading 
to the formation of the Smad2/3/4 complex, nuclear translocation of this complex and enhanced E‑cadherin expression. Subsequently, increased E‑cadherin 
expression can inhibit the progression of EC via EMT. (B) circ_0001610 can upregulate cyclin B1 expression by endogenously competing with miR‑139‑5p 
binding. Cyclin B1 is a vital promoter of radiation resistance in EC by regulating the cell cycle. Solid arrows indicate that the next step is the result of the 
previous step. The dashed arrow indicates external intervention. The solid round head indicates adjustment. Blue lines indicate circRNAs acting as miRNA 
sponges. circ, circular RNA; EC, endometrial carcinoma; EMT, epithelial‑mesenchymal transition; EXOs, exosomes; miR, microRNA; MPA, medroxyproges‑
terone acetate; P, phosphate group; TAM, tumor‑associated macrophage. 
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large amount of glucose, limiting the use of glucose by T cells, 
an effect that both weakens the ability of T cells to kill cancer 
cells and maintains tumor growth and metastasis (99). Overall, 
circRNAs are stable, conserved and have specific expression 
patterns in cells and tissues, suggesting the possibility that 
circRNAs may function as molecular diagnostic and prog‑
nostic markers (100,101).

7. Conclusion and perspectives

It has been widely recognized that circRNAs fulfill important 
roles in the development and progression of EC  (100,101). 
EC is a common malignant tumor of the female reproductive 
system (102). The incidence of EC has tended to increase in 
younger patients between 2006 and 2011 (102). Therefore, it 
is urgent to find regulatory factors of EC and to explore novel 
methods for the diagnosis, treatment and prognosis of EC. There 
is increasing evidence to suggest that circRNAs are closely asso‑
ciated with the regulation of the biological processes of human 
cancer, including EC (16,100,101). At present, circZNF124, 
circWDR26, circTNFRSF21, circESYT2 and circCORO1C 
have all been used as EC biomarkers (67,76). The present review 
discusses the roles of circRNAs in various phenotypes in EC, 
such as cell invasion and metastasis, drug and radiation resis‑
tance, glycolysis and angiogenesis, and elaborates the roles of 
circRNAs in EC in more detail. To the best of our knowledge, 
this was the first review that dealt with this subject. Compared 
with previous studies, such as the studies by Shi et al (101) and 
Takenaka et al (103), the innovation of this review lies in the 
first use of the phenotypic classification method to explain the 
topic. With the steady progress of RNA technology and its role 
in EC, it may be expected that research on the role of circRNAs 
in EC will have the potential to undergo great advances in the 
future. At present, circRNAs have been found to be abnormally 
expressed in numerous types of tumors; however, the abnormal 
expression of circRNAs has been reported to vary from disease 
to disease. Due to the complexity of tumor pathogenesis, the 
specific functions of circRNAs in EC are not yet fully clear, and 
circRNAs as biomarkers for EC disease diagnosis and prognosis 
require further study.
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