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Abstract: Circular RNAs (circRNAs) are a large class of non coding endogenous RNAs in eukaryotic that are formed 
through 3’-5’ ligation of a single RNA molecule. According to the different sources of the sequences, circRNA can 
be divided into three types: exon circRNA (ecRNA), intron circRNA (ciRNA), and exon-intron circRNA. Accumulating 
studies have shown that circRNAs are abundant, diverse, stable, and cell or tissue specific expression, etc. CircRNA 
plays a regulating role in gene expression, and an essential role in the process of biological development, such as 
miRNA sponges, endogenous RNAs and biomarkers, as well as critical role in the diagnosis of diseases. Studies 
have verified the interplay between circRNAs and the development of embryos, sperms, ovarian epithelial tumors, 
endometrial cancer and preeclampsia, suggesting the potential of circRNAs to become biomarkers or therapeutical 
targets for human diseases. In this paper, we reviewed the researches on circRNAs’ characteristics, databases of 
circRNA, high-throughput sequencing of circRNA, and effect on reproductive and gynecological diseases.
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Introduction

Noncoding RNAs (ncRNAs), making up more 
than 98% of human genomes, play an essential 
role in gene expression and regulation. Besides 
those familiar faces (like rRNA, tRNA, snRNA, 
siRNA), new members have just joined the fam-
ily of ncRNAs, represented by circRNA. Already 
found in viroids, yeasts and human gene tran-
script, circRNAs have not been well studied and 
only regarded as low-abundance RNAs abnor-
mally spliced in transcript. With high-through-
put sequencing technologies, researchers have 
confirmed their universality in eukaryocytes, 
and participation in human diseases. It can be 
said that circRNAs are lying in the focus of RNA 
research field. 

Origin and characteristics of circRNAs 

Origin of circRNAs

Bearing no 5’ and 3’ poly(A) ends but a closed 
covalent circle formed during “back-splice” 
reaction, circRNA arises from protein-coding ge- 
nes, intergenic spacer between tRNA and Lnc 

RNA, or antisence transcript [1, 2]. According to 
their sequences, circRNAs are classified into 
three types: (1) exonic circRNA, composed of 
only exons and mainly located in cytoplasm [3]; 
(2) intronic circRNA, composed of only introns 
and mainly located in nuclei; (3) exon-intronic 
circRNA (EIciRNA), composed of introns at the 
region between exons and mainly located in 
nuclei [5] (Table 1). 

The circularization of exons and introns forms 
circRNA. Exonic circularization can be either 
lariat-driven or intron-pairing-driven [6]. In lari-
at-driven circularization, axon skipping brings 
about a lariat, and after this lariat is spliced 
from the inside, a circular RNA comes into 
being. The other fashion of larial-driven circular-
ization does not begin with axon skipping. In 
this process, depending on the secondary 
structures of RNAs and the reverse comple-
mentary pairing of axon-contained ALUs, the 
introns flanking the circularized axon joins the 
donor splice site and the acceptor splice site, 
resulting in the final circularization. According to 
recent researches, the complementary pairing 
between the repeated sequences of introns 
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flanking the axon favors the buildup of circRNA, 
and multiple circRNAs can be produced via the 
selective pairing and competition between 
inverted ALU repeats (the recognition sequenc-
es of restiriction endonuclease) in one gene [7, 
8]. Self-circularization of introns begets intronic 
circRNA [4]. 

Most circRNAs are produced during the later 
phase of transcription. Circularization com-
petes with splicing, and this competition may 
be regulated by some splicing factors [9]. The 
level of primary circRNAs rises with RNA-pol 
TER (RNA-pol transcription elongation rate) 
[10]. The production of circRNAs can be posi-
tively regulated by Quaking (QKI), a muscle-
blind-like (MBL) protein binding RNA [11], and 
inhibited by RNA-editing adenosine deaminase 
(ADAR) [12]. Besides, this production may be 
co-regulated by hnRNP, serine/arginine-rich 
protein (SR) and intronic repeats (Figure 1). 

Characteristics of circRNAs

Compared to a linear RNAs, a circRNA has the 
following characteristics: (1) Predominantly exi- 
sting in the cytoplasm, occasionally in the 
nucleus [14]; (2) Regulating the target gene 
expression via the response element -mediat-
ed interaction with miRNA [15]; (3) Mostly 
developing from the exons, occasionally from 
the introns or the intronic segment; (4) Mostly 
regulating the expression of endogenous 
ncRNA; (5) Mostly functioning before and after 
transcription, occasionally during the transcrip-
tion [16]; (6) Tissue specific and developmen-
tal-stage specific [17]; (7) Often found in extra-
cellular fluid (like saliva, blood and urine) with 
an expression level ten times higher than that 
of linear mRNAs [18]; (8) Evolutionary conser-
vation in various species [19]; (9) Having a 
covalently closed loop, withoug 5’ and 3’ ends 
and poly(A) tail, that is highly resistant to RNA 
exonuclease or RNase R [20]. These character-

istics endow, circRNAs enjoy a stable biological 
function. The average half-life period of cir-
cRNAs in most species is much longer than that 
of mRNAs (10 h). To date, more than 400 
strains of circRNAs have been found in cellfree 
saliva (CFS) [21]. 

Biological functions of circRNA

CircRNA can act as miRNA sponge or RNA-
binding protein, and be translated into protein 
(Figure 2). 

As miRNA sponge

The interaction between circRNAs (mainly Sry- 
circRNA and CiRS-7) and miRNAs is catching 
more researchers’ eyes. Capel et al. found that 
Sry, a sex-deciding gene on Y chromosome of 
the mouse, could be transcribed into circRNA 
[22]. Hansen et al. further verified SrycricRNA, 
functioned as a miRNA sponge, and contained 
16 sites that can bind miR-138 [24-27]. 

In addition, CDR1as/CiRS-7, a circRNA tran-
scribed from the antisense strand of cerebellar 
degeneration-related protein 1 (CDR1), is wide-
ly found in the brain of humans or mice [23]. 
CiRS-7, containing 73 miR-7 binding sites, can 
sponge up miR-7, and simultaneously inhibit its 
biological function and increase the expression 
of targeted miR-7. However, in miRNA sponging, 
circRNA is also split by miRNA. For example, 
after binding to miRNA-671, CiRS is cleaved 
and then releases miR-7. Thomas et al. proved 
that abundant circRNAs sponged up miRNAs, 
just as miRNAs do for mRNAs. But to date, only 
a small fraction of these circRNAs and their 
sponge function have been verified [28]. 

As RNA-binding protein

RNA-binding proteins (RBP) participate in cellu-
lar processes (proliferation, differentiation, tra- 

Table 1. Characteristics of different types of circRNAs 
Name Type Location Joint site Sequence feature Function
ciRNA Intron Nucleus 2’-5’ phosphodiester bond Enrichment of 5’ splice site containing 

7 GU motif, enrichment of 3’ branch site 
containting 11 C motif

Regulation of gene transcription

EIciRNA Exon-intron Nucleus 3’-5’ phosphodiester bond Circularization exons containing the reverse 
complementary sequence of introns and 
selective circularization

Regulation of gene transcription

ecRNA Exon Cytoplasms 3’-5’ phosphodiester bond Circularization exons containing the reverse 
complementary sequence of introns and 
selective cyclization

MiRNA sponges; interaction with 
RBP; translation

ecRNA: Exonic circRNA; ciRNA: Intronic circRNA; EIciRNA: Exon-intronic circRNA.
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Figure 1. Barrett SP et al. Models for the production of circularRNA [13]. A. Intron-pairing-driven circularzation. 
Intron1 and intron3 are formed circular structure via base-pairing. Then introns are removed or retained to form 
circRNA or ElciRNA. B. Lariat-driven circularization. That splice donor in 3’ end of exon1 covalently splices to splices 
to splice acceptor in 5’ end of exon 4 forms a lariat via exon skipping. Then the introns are removed via splicesome. 
CircRNA finally is formed.

nsmigration, apoptosis, senescence, oxidative 
stress response) via post-transcriptional regu-

lation on RNA (selective splicing, transporta-
tion, translation) [29]. Researches found that 
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stable RNA-protein complexes (RPCs) were pro-
duced as circRNAs sponged up Argonaute 
(AGO) protein, RNA quaking (QKI) MBL protein, 
RNA polymerase II (Pol II), eukaryotic initiation 
factor 4A-III (EIF4A3), to name just a few. These 
RPS can regulate RBP and interact with linear 
RNAs [30]. Some circRNAs have been proved to 
cooperate with RNAs, like protein-binding circ-
Foxo3 that interacts with cyclin dependent pro-
tein kinase 2 (CKD2) to stop the cell generation 
cycle at the phase of G1/S [31]. Some circRNAs 
can change the stability of mRNAs, like CDR1as 
that cooperates with mRNA to build a stable 
duplex [32].

In macrophages of mice, RasGEF1B (a circRNA) 
can increase the stability of intercellular cell 
adhesion molecule-1 (ICAM-1) [33]. The mecha-
nism through which circRNAs regulate genetic 
transcription varies. circRNAs mostly found in 
nucleus first interact with some substances 
and then bind to miRNAs. For example, in the 
nuclei of HeLa and HEK293 cells, circ-EIF3J 
and circ-PAIP2 (two EIciRNAs) can bind to 
U1snRNP and then interact with RNA PoL II to 
increase the expression of parent genes [34], 
suggesting the role of EIciRNAs in positive feed-
back regulation. This mechanism is also ob- 
served by circ-ankrd52 and circ-sirt7 in regulat-

Figure 2. Liu J, Liu T, Wang XM, et al. Functions of the CircRNAs [39]. A. miRNA sponge: circRNA binds miRNA to af-
fect its biological function and regulate miRNA target gene activity; B. Regulating selective splicing or transcription: 
stable ciRNAs and EIciRNAs are located in the nucleus, bind to RNAs and promote transcription; circRNAs compete 
with pre-mRNA splicing to reduce linear mRNA and exclude specificity from pre-mRNA to change the composition of 
processed mRNA; C. Interaction with RBPs: circRNA binds RBPs and ribonucleoprotein complexes to prevent these 
factors from functioning and play a “storage” function; D. Rolling circle translation: some in vitro circRNAs can be 
translated into proteins by means of a roll loop amplification mechanism. E. Generate pseudogenes: some circRNAs 
may be reverse transcribed into cDNA and integrated into the genome, and integration is not yet clear.
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ing the transcription of their parent genes. All 
these findings prove that EIciRNAs and cir-
cRNAs regulate genetic transcription in nuclei, 
but ecircRNAs show their sponge function in 
cytoplasm. 

As a translator in protein production

As a strain of ncRNA, cricRNAs seldom code 
proteins. But once an internal ribosome entry 
site (IRES) is inserted into the upstream of a 
circRNA’s start codon, the coding takes place, 
producing a transcript functionally differing 
from a linear transcript. In vivo and in vitro 
experiments have proven that subunit 40S of 
the eukaryotic ribosome can bind to an engi-
neering circRNA containing one IRES, thereaf-
ter starting the translation [35, 36]. Similarly in 
bacillus coli, transfecting the circRNA carrying 
an open reading frame (ORF) for green fluores-
cent protein (GFP) can initiate GFP expression 
[35]. But until now, only viral circRNAs have 
been found to code proteins in eukaryocytes. 
For example, satellite virus HDV of HBV can 
translate through co-transfecting with HBV in 
host cells [37]. The translation of viral circRNAs 
may be associated with specific viral media-
tors. Although their ability to translate proteins 
is still obscure, some eukaryotic circRNAs  
have displayed their potential, as evidenced by 
the circRNA-synthesized transcript. 

Legnini I et al. found that IRES-carrying circ-
ZNF609 could translate proteins [38]. Pamu- 
durti N. R et al. found that MBL3 could tran-
scribe proteins in the fly head [39]. Abe N found 
that without any specific element allowing the 
entry of internal ribosomes, the artificial cir-
cRNA containing multiple FLAG coding sequenc-
es could translate proteins through rolling circle 
amplification (RCA) [40]. 

High-throughput sequencing of circRNA

Compared with traditional molecular biological 
methods, twin use of high-throughput sequenc-
ing and bioinformatic technology provides a 
shorter way to explore low-abundance cir-
cRNAs. Backsplicing produces circRNAs. Upon 
its invention, RNA-seq once showed extremely 
low efficiency in distinguishing backsplicing 
sites and the resultant circular structure. Th- 
ereafter, RNA-seq methods have been improved 
in a new fashion: 1) comparing the possible cir-
cRNA boundaries with genomic sequences if 

exons can be realigned in a different order [41]; 
2) finding circRNAs out of cDNA sequences 
using multiple splicing methods [42]. The cur-
rently used sequencing tools to analyze circRNA 
include MapSplice, CircSeq, CIRI, CIRCexplorer 
[43-46], etc. CIRI and its annotations can be 
used to determine the circRNA transcribed in 
introns, which is suitable to sequence the 
eukaryotic organisms annotated or not. Since 
circRNAs have no poly(A) tails, oligo-dT cannot 
enrich circRNAs. After knocking out rRNA with 
ribo-zerokit and linear RNA with RNase R, cir-
cRNAs can be obviously enriched [47]. 

Prediction software and databases of circRNA

CircRNAs are mainly predicted with high-throu- 
ghput sequencing and bioinformatic technolo-
gies. The commonly used prediction software 
tools include Segemeh, CircRNA finder [49], 
find-circ, CIRC and PFOR [48-52]. Their accura-
cy should be compared in the future studies. A 
reliable prediction software can largely benefit 
circRNA research. Some new circRNA databas-
es are also available. Circbase (http://www.cir-
cbase.org) and Deepbase (http://biocenter.
sysu.edu.cn/deepBase) each contains over 
150000 circRNA genomes and sequences [53, 
54]. CirclncRNAnet (http://circnet.mbc.nctu.
edu.tw)can analyze the sequencing data auto-
matically selected, and provides the graph 
structure of functional enrichment analysis and 
KEGG pathways, RNA-binding protein network 
and miRNA network [55]. The sequence, 
genome annotation, expression profile and 
ceRNA network of circRNAs can be searched  
in CirclncRNAnet and CircRNAbase [56]. 
CircRNAIntercome (http://circinteractome.nia.
nih.gov), containing the information of a frac-
tion of circRNAs and their PCR products  
and siRNA sequences, can also be used to pre-
dict the RBP sequence of circRNA. Besides, 
other online circRNA databases using next-gen-
eration sequencing include circRNA-finder, 
CIRCexplorer, DCC, Mapsplice, Segemehl, find-
Circ and UROBORUS. 

CircRNAs and male reproductive disease

Spermatogenesis, a process during which male 
reproductive cells proliferate and differentiate 
into sperms, is powerfully regulated by specific 
genetic expression, especially the dynamic epi-
genetic regulation. ncRNA, a major participator 
in epigenetic regulation, decides the expres-
sion level of genes during and after the tran-
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scription [57-59]. Studies have shown the role 
of ncRNA in mammal’s spermatogenesis [60, 
61]. As a new category of ncRNA, circRNA, like 
a rising star in the sky, has slipped into the 
spotlight of transcriptomics [62-65]. 

Researches have confirmed the tightness 
between circRNAs and reproductive stem cells. 
In a transcriptomic analysis on the reproductive 
cells of mouce, Li et al. found 18822 circRNAs, 
including 245 uniquely found in males and 676 
in females [66]. GO and KEGG analyses demon-
strated that the parent genes of these circRNAs 
parcipated in the differentiation of reproductive 
stem cells and gender-determination, indicat-
ing the regulatory role of circRNAs in the two 
processes. Using high-throughput sequencing, 
Dong et al. explored out 15996 circRNAs [67]. 
GO analysis on the newly discovered circRNAs 
(67%) among them proved the association 
between their parent genes and spermatogen-
esis, sperm motility and fertilization; mean-
while, these circRNAs, either commonly expre- 
ssed or testicle-specific, could be detected in 
seminal plasm with a high stability. This stabili-
ty may be achieved by the circRNA’s closed 
loop specifically resistant to RNsae R, or the 
way of binding to seminal proteins [68]. This 
research has dilled into the function of cir-
cRNAs during spermatogenesis, laying a basis 
for the future work to work out the epigenetic 
regulation mechanism and noninvasive diag-
nostic biomarkers for reproductive disease. 

CircRNA and female reproductive disease

Expression in granule cells

Granule cells function as nutrient-supplier and 
transduction signals during the development of 
oocytes. Their expression profiles can be used 
to assess the microenvironment surrounding 
oocytes, which is a beneficial procedure in 
assisted reproductive technology (ART). Cheng 
et al. detected the circRNA expression in the 
granule cells, finding out three circRNAs (circ_ 
103829, circ_103827, circ_104816) upregu-
lated and one circRNA (circ_101889) downreg-
ulated in IVF patients of >38 years. After go- 
nadotropin therapy, only two circRNAs (circ_ 
103827, circ_104816) showed the expression 
level positively correlated with age, and nega-
tively correlated with high-quality embryo  
number. Bioinformatic analysis indicated that 
the two circRNAs co-regulated their targets 

(ANKRD20A90, KCNQ10T1, XIST) through the 
network “circRNA-miRNA-mRNA” that may be 
involved in glycometabolism, mitosisand ovary 
steroid synthesis. Whole-genome association 
study has proven the close association between 
ANKRD20A90 expression and life expectancy 
of Han people in China [69]. KCNQ10T1 is a 
paternally expressed allele that participates in 
transcriptional silencing via regulating histone 
methylation. Any kind of dysregulation can 
leads to serious biological and hereditary disor-
ders [70]. XIST scarcity causes early-blastula-
stage whole-genome dysregulation and post-
implantation loss [71]. The epigenetic dysre- 
gulation of these circRNAs is essential to the 
senescence and embryonic abnormal develop-
ment (Table 2). 

Embryonic development

The embryo develops from a germ cell after 
sperm-egg binding when the genetic transcrip-
tion of zygote is activated. A stage-dpendent 
transcriptomic analysis can help verify the 
molecular mechanism governing the early-
stage (especially preimplantation) embryonic 
development. Unlike the intensely studied 
mRNA poly(A), circRNA poly(A) is still in the 
limbo of research field. 

Emerging biotechnologies (like deep sequenc-
ing, bioinformatic technology) are enriching the 
genomic data on circRNA [72]. Using SUPeR-
seq, Dang et al. sequenced the poly(A)-RNAs in 
mature ovocytes and preimplantation embryo, 
finding that numerous circRNAs changed their 
transcription as the embryo matured. For each 
gene, the ratio of circRNAs to their transcribed 
products did not change much (9%) after ovo-
cytic maturation and before cycle 4 started, but 
began to rise in cycle 8, peaked in morula cycle, 
and fell gradually thereafter. 

For each gene, the ration of circRNAs to linear 
transcription products is nears 10%. But for 
others (PRDM2, SETD2, MLLT3, MLLT4, KIT) 
mainly involved in histone methylization and 
transcriptional regulation, this ratio exceeds 
100%, suggesting the regulatory role of cir-
cRNAs in embryonic development. Trans- 
criptomic analysis may be able to screen out 
the responsible circRNAs and their function, 
eventually upgrading the network regulating 
embryonic development. Dang et al. also found 
some host genes (835/1316, 63%) of mouse 
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Table 2. Literature summary of circRNAs in the area of reproductive and gynecological diseases
Journals Research Content Field Num
2016, Sci Rep High-throughput sequencing for human testicle tissues. CircRNAs and male reproductive diseases 67

2016, Genome Biology SUPeR RNA-Seq for human oocytes and preimplantation embryos. CircRNAs and early embryonic development 72

2016, Cellularand Biochemistry Chip analysis on circRNA expression in preeclampsia and normal preterm-delivery women. CircRNAs and preeclampsia 75

2016, BJOG Chip analysis on circRNA expression in the blood cells of preeclampsia and normal pregnant women. Estab-
lishment of methodology using hsa_circ_10122 combined with plasma protein for disgnose of preeclampsia.

CircRNAs and preeclampsia 77

2017, Biomedicine & Pharmacotherapy Chip analysis on circRNA expression and the diagnostic value of differentially expressed circRNAs in chorionic 
tissues of normal women and women with recurrent spontaneous abortion.

CircRNAs and RSA 80

2016, Oncotarget RNA sequencing for the expression of mRNAs and circRNAs in primary sites of IIIC epithelial ovarian carci-
noma.

CircRNAs and ovarian carcinoma 81

2017, RNA Biol Competitive binding between circPABPN1 and HuR inhibits HuR’s binding to mRNA PANPN1 and the following 
translation.

CircRNAs and cervical carcinoma 82

2017, Gynecol Oncol MiR-7 as tumor-suppressor in ovarian carcinoma and miR-138 in cervical carcinoma. CiRS-7 stably expressed 
in HeLa cells. 

CircRNAs, ovarian and cervical carcinoma 87

2015, Pharmacol Ther After CDRlas overexpression in HeLa and C33A cells of cervical carcinoma, inhibiting miR-7 activity increases 
the expression of FAK (target of miR-7). FAK promotes the proliferation, invasion and transmigration of cervi-
cal carcinoma cells.

CircRNAs and cervica l carcinoma 89

CircRNA: Circular RNA; RSA: Recurrent spontaneous abortion; CiRS-7: Circular RNA Sponge for miR-7; CDRlas: Cerebellar degeneration-related protein1 antisense; HuR: Hu family of RNA-binding proteins; FAK: Focal adhesion kinase; PABPN1: 
Poly(A)-binding protein nuclear 1.
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circRNAs could generate human circRNAs [73]. 
Although their molecular mechanism remains 
unclear, GO analysis suggests that host genes 
of circRNAs widely exist in human embryo and 
participate in DNA damage repair, organelle 
and chromosome development, cell cycle pro-
gression, and completion, and cell metabolism 
(Table 2). 

Preeclampsia (PE)

Zhang et al. for the first time tested the expres-
sion level of circRNAs in the blood cells in early 
pregnancy (<20 weeks), and predicted the PE 
occurrence based on this level plus plasma pro-
tein Endoglin (ENG) level (sensitivity, 0.7073; 
specificity, 0.8049) [74]. According to their find-
ings, the expression level of circRNA 101222 
showed obvious difference between PE women 
and normal women. Qian compared the cir-
cRNAs’ expression levels in the placenta tis-
sues of PE women and preterm-delivery women, 
finding that three circRNAs (hsa_circRNA_ 
100782, hsa_circRNA_102682, hsa_circRNA_ 
104820) were differentially expressed (upregu-
lated in PE women) [75]. Before Qian’s research, 
Luan Lixia et al. had already verified the highly 
expressed mir-30a-3p in the placental tissues 
of PE women. These findings advocate that the 
ceRNA regulatory network constructed by miR-
NAs and circRNAs promotes PE development 
[76]. 

PE, a severe symptom of pregnancy-induced 
hypertension, can significantly raise the compli-
cation incidence and death rate in both moth-
ers and infants [77]. Early prediction and inter-
vention are effective ways to reduce PE risk. 
Given its conservation and specificity in tissue 
development, circRNAs have shown a favorable 
potential to become a diagnostic marker for PE. 
This potential is confirmed by Qian et al. who 
detected the differential expressions of cir-
cRNAs in the tissues of PE patients and normal 
preterm-delivery women [78]. Zhang et al. also 
combed out 12 differentially expressed cir-
cRNAs in the blood cells of pregnant women 
with PE (FC>5.0, P<0.001) [79]. Of them, hsa_
circ_101222 showed an expression level with  
a 10-FC, and elements responding to PE- 
associated miR181. So hsa_circ_101222 may 
be taken as a diagnostic biomarker for PE. Then 
we tested its efficiency in diagnosing PE. 
Compared to plasma ENG (sensitivity, 68.3%; 
specificity, 73.2%), hsa_circ_101222 combin- 

ed with ENG hoisted this efficiency (sensitivity, 
70.7%; specificity, 80.5%) (Table 2).

Recurrent spontaneous abortion (RSA)

Always unexplained and complicated, RSA 
inflicts victims with profound trauma, either 
physical or psychological. Using chips prepared 
with chorionic tissues from RSA women and 
normal women, Qian et al. found out the cir-
cRNAs differentially expressed, including 12 
upregulated and 21 downregulated by a >4-FC, 
indicating their correlation with RPL [80]. ROC 
analysis confirmed that eight circRNAs (includ-
ing circRNA_104948, circRNA_104547, hsa_
circRNA_101319) could be taken as RSA bio-
markers for their favorable sensitivity and 
specificity. Besides, they also predicted the 
regulatory pathways of hsa_circRNAs_104792, 
miRNA_133a and HLA-G (Table 2).

Gynecological diseases

Epithelia ovarian carcinoma

Tumorigenesis is usually triggered by the dys-
regulation of signaling pathways mediating cel-
luar proliferation and differentiation. The fac-
tors include NF-kB, TGF-, ILK regulating EMT 
and PI3K-AKT-JAKSTAT regulating cell prolifera-
tion. Using paired-end RNA sequencing, Ahmed 
et al. verified that circRNAs were richly expre- 
ssed in epithelia ovarian carcinoma samples, 
and more differentially expressed in varying 
lesions (primary sites, peritoneal and lymph 
node metastases) compared with mRNAs. At 
the same time, mRNA’s high expression and cir-
cRNA’s downregulation synchronized. miRNA 
let-7 inversely regulating RAS and MYC (two 
proto-oncogenes) showed obviously lower ex- 
pression level in the primary lesion than perito-
neal metastases. But the gene that can code 
circRNAs containing multiple let-7 binding sites 
was highly expressed in the primary lesion, 
which may be explained by circRNAs acting as 
the sponge of miRNAs [81]. 

Cervical carcinoma 

Using human cervical carcinoma HeLa cells, 
Abdelmohsen et al. verified that circPABPN1 
could competitively bind to HuR, thus suppress-
ing HuR’s binding to PABPN1 mRNA and trans-
lation [82]. Bachmayr-Heyda et al. found in 13 
kinds of human tissues that the global circRNA 
abundance was negatively correlated with pro-
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liferation rate. CDR1as (also called CiRS-7) and 
SRY (a testis-specific RNA) are two typical cir-
cRNAs containing elements binding to suppres-
sor miR-7 in ovarian carcinoma [83-85] and 
miR-138 in cervical carcinoma [86, 87], respec-
tively. CiRS-7 is stably expressed in Hela cells 
[88]. More in-depth researches should be con-
ducted to verify whether negative regulatory 
mechanism between CiRS-7 and miR-7, or SRY 
and miR-138, and how this regulation functions 
in the development of ovarian carcinoma and 
cervical carcinoma. 

CDRlas demonstrates a higher expression level 
in cervical carcinoma tissues than in para-car-
cinoma tissues. But this is opposite to miR-7. In 
HeLa and C33A cells of cervical carcinoma, 
overexpressed CDRlas increases the expres-
sion of FAK (focal adhesion kinase, target of 
miR-7) through suppressing the activity of miR-
7. FAK overexpression then promotes the prolif-
eration, invasion and metastasis of cervical 
carcinoma cells, indicating the intricate coop-
eration between CDRlas, miR-7 and FAK. 
Therefore molecular targeted treatment based 
on CiRS-7 regulatory network has potential effi-
cacy in the prevention, diagnosis and treatment 
of cervical carcinoma [89] (Tables 2, 3). 

Ovarian carcinoma 

Ovary plays a dominant part in female repro-
ductive system for its two functions: germinat-
ing and releasing oocytes, secreting gonadal 
hormones to guarantee the development of fol-
licles, estrous cycles and post-pregnancy hor-
monal level. Females’ biggest health threat, 
ovarian carcinoma has a high incidence (just 
next to those of cervical carcinoma and endo-
metrial carcinoma) and mortality (topping all 
other gynecological carcinomas). Studies have 
convinced the association between circRNAs 
and the invasive metastasis of ovarian carci-
noma [90]. Using RNA sequencing for the pri-
mary site, peritoneal and lymph node metasta-
ses of epithelial ovarian carcinoma (stage IIIC), 
researchers found the upregulated mRNAs  
and downregulated circRNAs corresponding to 
NFkB, PI3k/AKT and TGF (both containing mul-
tiple miR-24/let-7 binding sites) were upreguat-
ed in metastatic carcinoma, indicating that  
circRNAs may use their circularization to com-
petitively inhibit the linear splicing and sponge 
function of miRNAs, and modulate the expres-
sion of metastasis-evoking genes, all contribut-

ing to the metastasis of ovarian carcinoma 
(Tables 2, 3). 

Breast cancer

Serving as the sponge of miR-7, CDR1as can 
inversely regulate its activity and reduce its 
suppression on ECF, IRS-1, IRS-2, ak1, Raf1, 
Ack1 and PIK3CD, which in turn promotes the 
development of tumors, including breast can-
cer [91, 92]. Besides, once miR-671 binds to 
CDR1as, an AGO-mediated splitting action is 
initiated to decrease the expression level of 
CDR1as, suggesting that miR-671 can indirect-
ly regulate the activity of miR-7 via weakening 
CDR1as expression [93]. Reddy found miR-7 
could inhibit the expression of p21-activated 
kinase (PAK1), a kinase upregulated in multiple 
tumors [94]. The expression of miR-7 is posi-
tively regulated by its upstream gene HOXD10, 
the low expression of which can enhance can-
cer invasiveness. So in the breast cancer cell 
model, the invasiveness gets stronger as PAK1 
level rises, and miR-7 or HOXD10 level drops. 
Studies found that miR-7 was lowly expressed 
in tissues of malignant breast cancer, and this 
expression level was negatively associated 
with the metastatic ability. Inducing miR-7 
expression in the cells lines of invasive breast 
cancer can inhibit the anchorage-independent 
proliferation of monolayer cells [95]. MiR-7 can 
also inhibit epithelial-mesenchymal transition 
and metastasis via directly regulating the 
expression of focal adhesion kinase (FAK), an 
interbody for signals of extracellular matrix inte-
grin and pathways of cellular movement, prolif-
eration and apoptosis. FAK overexpression 
leads to metastasis and poor prognosis in vari-
ous tumors, suggesting that miR-7 expression 
is closely correlated with cancer’s epithelial dif-
ferentiation: the lower expression, the weak 
metastatic potency.

Researchers also found that let-7 was lowly 
expressed in the lymphatic metastasis and pro-
liferation of breast cancer, and could downreg-
ulate the expression of some cancer genes 
(RAS, MYC) and cell-cycle-related genes (Table 
3) [96].

Endometrial cancer

Some circRNAs regulate the biological process-
es of endometrial cancer. But their perfor-
mance in the cells or tissues engaged in endo-
metrial cancer waits to be unveiled. Recent 
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Table 3. Function and clinical application of disease related CirRNAs
Tumor CirRNA Function Role
Expression in granule 
cells [69]

CircRNA_103827
CircRNA_104816

Two circRNAs co-regulated their targets (ANKRD20A90, 
KCNQ10T1, XIST) through the network “circRNA-miRNA-
mRNA”

Be involved in glycometabolism, mitosisand ovary steroid synthesis

Preeclampsia (PE) [76] Hsa_circ_0029601
Hsa_cirRNA_100782

Has_circRNA_102682
Has_circRNA_104820

Significantly upregulated, It is combined with plasma 
protein factor (endoglin)
Had already verified the highly expressed mir-30a-3p in 
the placental tissues of PE women

The prediction accuracy of pre-eclampsia can be improved significantly
These findings advocate that the ceRNA regulatory network constructed by miRNAs and circRNAs 
benefit PE development

Recurrent spontaneous 
abortion (RSA) [80]

CircRNA_104948  
CircRNA_104547  

Hsa_circRNA_101319

Hsa_circRNAs_104792/miRNA-133a/HLA-G Be taken as RSA biomarkers

Ovarian carcinoma [90] Cirs-7 MIr-7 sponge CircRNAs may use their circularization to competitively inhibit the linear splicing and sponge func-
tion of miRNAs, and modulate the expression of metastasis-evoking genes, all contributing to the 
metastasis of ovarian carcinoma

Cervical carcinoma 
[88, 89]

CDR1as
CircHIPK3

Hsa_circ_0018289

miRNA sponge (miR-7)
miRNA sponge
miRNA sponge (miR-497)

Tumor suppressor was performed by inhibiting the tumorigenic effect of mir-7
Regulation of cell growth
Promote tumor cell proliferation, migration and invasion

Breast cancer [93, 95] CDR1as
Circ-ABCB10

Hsa_circ_0001982

miRNA sponge (miR-7)
miRNA sponge (miR-1271)
-

Tumor suppressor was performed by inhibiting the tumorigenic effect of mir-7
Promote tumor cell proliferation
Potential tumor biomarkers

Endometrial cancer [98] Circ-ITCH
Circ-ZNF91

miRNA sponge (miRNA-17, miRNA-224)
miRNA sponge (miRNA-23B, miRNA122A2)

Circ-ITCH can competitively bind to miRNA-17 and miRNA-224, a process leading to the differen-
tial expression of p21 and PTEN (the formers’ targets)
The expression level of circ-ZNF91 was found to be negatively correlated with that of miRNA-23B 
or miRNA122A2 in endometrial cancer tissues, suggesting that circRNAs may serve as miRNA 
sponge to inhibit the expression of miRNA-23B and miRNA-122A2

PE: Preeclampsia; RSA: Recurrent spontaneous abortion; PTEN: Phosphatase and tensin homolog deleted from chromosome 10; CiRS-7: Circular RNA Sponge for miR-7.
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studies have found that circRNAs may serve as 
miRNA sponge in endometrial cancer. Pho- 
sphatase and tensin homolog deleted from 
chromosome 10 (PTEN) is a cancer-suppressor 
with phosphatase activity in that it can inhibit 
the division (progression of cell cycle), prolifera-
tion, invasion and migration, and accelerate 
the apoptosis of cancer cells; prevent the vas-
cularization in cancer tissues; maintain the 
defense of immune system. Circ-ITCH can com-
petitively bind to miRNA-17 and miRNA-224, a 
process leading to the differential expression 
of p21 and PTEN (the formers’ targets) [97]. 
Mutations or deletions of PTEN can inactivate 
its enzymatic activity, then the PTEN loses its 
ability to inhibit cell proliferation. In this case, 
the cells show high inclination to malignancy, 
and endometrial cancer may arise. Chen et al. 
[99] found the lowly expressed circRNAs (main-
ly exonic circRNAs) in endometrial cancer tis-
sues than in the normal. In their study, six pairs 
tissues (endometrial cancer tissues vs. normal 
tissues) were analyzed. Among them differen-
tial circRNA expression was found in 120 pairs, 
including 22 with upregulated expression and 
98 with downregulated expression. Their tran-
scriptional products predispose endometrial 
tissues to malignancy. In another study, two 
intronic circRNAs (HSPG2 and RP11255H23.4) 
were found to be expressed only in the normal 
endometrial tissues, not in endometrial cancer 
tissues. But in endometrial tissues, the expres-
sion of the miRNAs transcribed from their par-
ent genes increased, indicating that these cir-
cRNAs could competitively bind to related 
miRNAs and play powerful roles in the develop-
ment of endometrial cancer. 

At basilar membrane, HSPG2 binds to growth 
factors to regulate the growth and regeneration 
of endothelium. Besides, the expression level 
of circ-ZNF91 was found to be negatively cor-
related with that of miRNA-23B or miRNA122A2 
in endometrial cancer tissues [98], suggesting 
that circRNAs may serve as miRNA sponge to 
inhibit the expression of miRNA-23B and miR-
NA-122A2 [99]. The behavior of these two miR-
NAs in human cancers have been reported, and 
their target genes and roles (either promotive 
or inhibitive) vary in different types of cancers 
(Table 3). 

Prospect

CircRNAs are major participators in biologic- 
al processes. Unlike linear RNA, circRNA is a 

covalently closed continuous loop bearing no 5’ 
cap and 3’ poly(A) tail and is resistant to exonu-
clease-mediated degradation. With these tech-
niques, researchers have found that circRNAs 
are not products of missplicing, but RNAs being 
endogenous, highly conserved, tissue- and de- 
velopmental-stage-specific. As a focus in RNA 
research field, an increasing number of cir-
cRNAs differentially expressed in human cells 
are being dug out with efficient high-throughput 
sequencing and bioinformatic techniques. 
Given this huge number, their functions remain 
to be unveiled. Just like a tip of the hidden ice-
berg, the current knowledge on circRNAs sh- 
ould be enriched with efforts as many. In-depth 
research on circRNA expression in granules 
and ART-achieved preimplantation embryos 
can provide us a new window into the develop-
ment of germ cells and embryos. 

Meanwhile, the updating databases, testing 
tools and research skills turn circRNAs into pos-
sible non-invasive biomarkers for reproduction 
and gynecological diseases.

In conclusion, the vibrating circRNA research 
has opened a doorway for us to enter the 
genetic regulatory network. Future research will 
surely reveal the mechanims of circRNAs in the 
development of reproductive and perinatal 
diseases. 
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