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ABSTRACT
There is currently no diagnostic modality for early-stage pancreatic cancer. Given that adjuvant therapies
require further development, the overall survival of pancreatic cancer remains unsatisfactory. Circular
RNAs (circRNAs) are a class of noncoding RNAs that play an important role in the progression of many
diseases including cancer. CircRNAs mainly bind to microRNAs as microRNA sponges to restore the
expression of targeted genes and regulate tumor invasion, metastasis, proliferation, and apoptosis.
CircRNAs also play roles in the diagnosis and targeted therapy of tumors. Studies on the mechanisms
of action of circRNAs in pancreatic cancer are still in their infancy, but it is anticipated that this field will
gradually advance. In this review, we provide a brief introduction to circRNAs from four perspectives:
biogenesis, functions, and mechanisms of action, tumor therapy with circRNAs, and circRNAs’ roles in
pancreatic cancer.
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1. Introduction

Pancreatic cancer remains one of the cancer types with the
most dismal prognosis. This is associated with its concealed
onset, early invasion and metastasis, limited surgical options,
and unresponsiveness to adjuvant therapy, which all lead to
an extremely low 5-year survival rate of 8%. When distant
metastasis has occurred, this rate drops to just 3%.1,2 Despite
unrelenting research efforts, the morbidity, and mortality of
pancreatic cancer continue to rise, and its incidence in
younger patients is increasing.3 At present, the major obstacle
for treating pancreatic cancer is the lack of specific biomar-
kers and therapeutic targets, but circular RNAs (circRNAs)
may offer a route to overcome this.

CircRNAs are a type of covalent closed circular noncoding
RNAs that function similarly to other noncoding RNAs (e.g.,
miRNA, lncRNA, snRNA, piRNA, and siRNA). Although
circRNAs cannot encode proteins, they can regulate the tran-
scription and post-transcriptional modification of genes.4

Unlike their linear counterparts, the 3′ and 5′ ends of
circRNAs are joined in a loop, so they lack a 5′ cap and a 3′
poly(A) tail. This makes them less susceptible to degradation by
ribonucleases so circRNAs can maintain stable intracellular
expression.5 In 1976, Sanger et al. first discovered that some
plant viroids are composed of single-stranded circular closed
RNA. Three years later, aided by electron microscopy, circular
RNA was found in eukaryotic cells.6,7 Subsequently, in animal
cells, satellite viruses of hepatitis B virus and hepatitis D virus
were also observed to be composed of circRNA.8 However,
owing to its low expression, circRNAwas considered to be a by-
product of accidental abnormal cleavage of precursor mRNAs
(pre-mRNAs), which accumulates as “rubbish” in cells; its role
in regulating the transcription of genes was also ignored, which

resulted in a lack of investigations into circular RNA for
decades.9 However, with the development of increasingly
sophisticated RNA purification technology, high-throughput
RNA sequencing technology, bioinformatic analysis, and var-
ious circRNA research tools, more than 30,000 circRNAs have
now been predicted, indicating their ubiquity.10 However, these
circular RNAs still need to be clearly identified.11

CircRNAs, unlike their linear counterparts, are derived from
the noncanonical splicing of a pre-mRNA transcript, also called
back-splicing. In this process, a receptor upstream of the RNA
sequence binds to a downstream donor to form a loop
structure.12–14 Although the length of circRNAs varies greatly,
exonic circRNAs and intronic circRNAs, which account for
a large proportion of circRNAs, are usually shorter than 200
nucleotides, and can even be shorter than 100.15 Owing to their
unique structure, circRNAs are very stable and evolutionarily
highly conserved in mammals. Moreover, their expression is
tissue-specific and time-specific to some extent.16–18 There is
increasing evidence that circRNAs are closely related to autop-
hagy, apoptosis, the cell cycle, and proliferation, suggesting their
potential role in various diseases, such as those of the nervous
system and cardiovascular system, as well as cancer.19–23 Because
of the significant correlation between circRNA expression and
clinicopathological factors, and their widespread expression in
body fluids including blood, saliva, urine, and gastric juice, the
identification of differentially expressed circulating circRNAs for
the early diagnosis and prognostic prediction of tumors is not
only minimally invasive but also inexpensive.24–27 CircRNAs
mainly influence genes that modulate tumor growth, metastasis,
proliferation, and chemoresistance through the classical
circRNA–miRNA–mRNA axis, including in lung cancer,28,29

colorectal cancer,30,31 gastric cancer,32,33 liver cancer,34,35 and
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breast cancer.36,37 Therefore, circRNAs may be used as thera-
peutic targets for cancer. This review briefly discusses the bio-
genesis and mechanisms of action of circRNAs, as well as their
roles in tumor diagnosis and targeted therapy, and finally intro-
duces related research on circRNAs in pancreatic cancer.

2. Classification and biogenesis of circRNAs

Although most circRNAs are only composed of exons encod-
ing protein genes, they generally cannot encode proteins.17

Other circRNAs are composed of components (not exons)
alone or in combination with exons, such as introns, noncod-
ing regions, 3′-UTR, 5′-UTR, intergenic regions.38 In this way,
circRNAs are divided into exonic circRNAs (EcircRNAs),
intronic circRNAs (CiRNAs), and exon–intron circRNAs
(intron-retaining circRNAs or EIciRNAs) based on their com-
position. In addition, recently, Gao et al. used a circRNA
identification tool, CIRI, to reveal a class of integrated
circRNAs that are spliced from two intronic circRNA frag-
ments, called intergenic circRNAs;39 these are a kind of non-
coding circRNA.

2.1 Biogenesis and regulation of exonic circRNAs

Approximately 80% of identified circRNAs belong to exonic
circRNAs, which are almost always present in the cytoplasm.
The classical function of circRNAs as miRNA sponges mainly
involves this kind of circRNA. Jeck and colleagues reported that
exonic circRNAs escape the nucleus during cell mitosis, but the
specific mechanism behind their transport has remained
unclear.40 However, recent studies reported that whether
circRNAs are exported from or retained in the nucleus depends
on their size, although this hypothesis contradicts the hypothesis
that introns are strictly retained in the cell nucleus.41,42 The
detailed mechanisms of circRNA export thus require further
exploration. In canonical splicing, introns in pre-mRNAs are

removed by selective splicing, and the remaining exons are ligated
in tandem to form linear mRNAs. However, the generation of
exonic circRNAs is different which is called back-splicing. In this
process, a highly conserved receptor and donor of a pre-mRNA
sequence join together to form a new circRNA. Back-splicing can
be divided into three types: 1) lariat-driven circularization (exon
skipping), 2) intron complementary pairing-driven cyclization,
and 3) resplicing-driven circularization43 (Figure 1).

Lariat-driven circularization refers to the formation of
a lariat-like structure by a partial sequence of a pre-mRNA,
which allows the upstream receptor and downstream donor
that are far apart on the chromosome to be spatially close
together. When coming into proximity of each other, the two
can bind together via the action of a spliceosome with a stable
3′-5′ phosphodiester bond; the exons and introns in-between
are spliced to form an intermediate exon–intron circRNA.45

One or more intra-lariat splicing events can occur in exon–
intron circRNAs, and new exon–intron circRNAs and intron
lariats can form.46

Intron complementary pairing-driven circularization is the
first established and most common model of the formation of
circRNAs. Different from lariat-driven circularization, intron
complementary pairing-driven circularization is induced by
the reverse complementary sequence pairing on the flanking
introns to approximate the spatial distance between the spli-
cing sites.47 Interestingly, most of the flanking intron com-
plementary sequences that are capable of mediating circRNA
production contain specific complementary repeat short
sequences. Among them, introns with complementary Alu
elements are more likely to induce circularization of exons
than any other complementary intron components.11

A flanking intron comprising a complimentary repeat short
sequence of about 30–40 nt is sufficient to mediate base
pairing and subsequent RNA circularization. However,
under specific conditions, intron base pairing increases the
stability of linear RNA and inhibits RNA circularization.48

Figure 1. Biogenesis of circRNAs. (a) Spliceosome-dependent lariat-driven circularization: The spliceosome joins the downstream 5′ donor and upstream 3′ receptor
together, from which back-splicing proceeds, which leads to the creation of EcircRNAs or EIcircRNAs. (b) RBPs can form a bridge-like connection through binding to
flanking introns, which induces the formation of EcircRNAs. (c) Intron complementary pairing-driven circularization: Flanking introns with a content-specific sequence
such as Alu element facilitate the release of EcircRNAs. (d) Resplicing-driven circularization: Mature exonic linear RNA may once again undergo self-back-splicing,
which produces EcircRNAs consisting of one or more exons. (e) In flanking introns, sequences including a GU-rich element and a C-rich element are apt to form lariats
and then form ciRNAs through circularization. (f) Introns in pre-tRNAs can separate and cyclize to form tricRNAs. This figure is adapted from Xu et al.44
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Since most intron reverse-complementing pairing sequences
contain Alu elements, this feature can help us identify the
circularization site of pre-mRNAs and also identify circRNAs.

Resplicing-driven circularization refers to the process of
back-splicing of mature linear exonic mRNA. During this
process, the resulting circRNAs can only be exonic
circRNAs, including one or more exons.43

The generation of circRNA is modulated by a series of RNA-
binding proteins (RBPs). Quaking (QKI),49 Muscleblind
(MBL),45 and Fused-in Sarcoma (FUS)50 are positive regulators
that upregulate the rate of circRNA formation. Taking MBL
proteins as an example, two MBL proteins can bind to the
MBL binding sites located on the flanking intron of the
circMBL pre-mRNA, and dimerize to form a bridge-like junc-
tion. The RNA sequence between MBL dimer forms a lariat-like
structure, which causes the receptor and the donor to be spatially
close to each other; this, in turn, induces RNA back-splicing,
hinders linear canonical splicing, and promotes the production
of circMBL.45 Besides, ADAR1 and DHX9 can participate in
circRNA negative regulation through the aforementioned intron
pairing-driven circularization. Adenosine-to-inosine (A-to-I)
RNA editing of double-stranded RNA-specific adenosine dea-
minase (ADAR) is thought to be associated with reduced effi-
ciency of circRNA generation. Studies have shown that ADAR
can bind to Alu elements responsible for intron pairing, causing
annealing and deformation, resulting in an inability to perform
reverse complementation pairing and dysfunction of back-
splicing.51 Ivanov et al. found that the knockout of ADAR
in vitro resulted in the twofold upregulation of expression of
84 circular RNAs and the downregulated expression of their
linear counterparts.52 DHX9 is an important cofactor in the
process of ADAR regulation of circRNA production.53

Intriguingly, RBPs can regulate the formation of circRNAs in
both directions. Some studies have shown that, although FUS
positively regulates the production of some circRNAs, it has the
opposite effect in the production of others.50

2.2 Biogenesis of intronic circRNAs

In both canonical splicing and back-splicing, the introns between
exons are usually debranched and degraded. However, under
certain circumstances, introns can avoid debranching and form
a stable ring structure. There are major differences between the
biogenesis of intronic circRNAs and the biogenesis of exonic ones.
The generation of stable intronic circRNAs is mainly dependent
on a 7-nt GU-rich element near the 5′ splicing site and an 11-nt
C-rich element near the debranching site.38 Therefore, the splicing
sites of intronic circRNAs can be predicted based on these two
elements. An in-depth study on the details of intron-driven circu-
larization revealed that this process is divided into two steps. First,
the 2′-OH on the branching point adenylate (bpA) attacks the 5′
splicing site to produce a 3′-OH in the 5′ exon. Next, the newly
generated 3′-OH attacks the 3′ splicing end to generate an intron
lariat and a new transcript consisting of selectively combined
exons.48 Subsequently, this newly generated intron lariat under-
goes 3′ tail degradation, eventually forming a mature intronic
circRNA.38 Distinct from exonic circRNAs, intronic circRNAs
are stably expressed in the nucleus andmodulate gene expression.
Intronic circRNAs can be degraded byRNAdebranching enzymes

due to the existence of a specific 2′-5′ linkage.38 Recent studies have
found that, in the process of tRNA formation, introns in the pre-
tRNA experience back-splicing, forming a special intronic
circRNA called tricRNA.54

Although the efficacy of circRNA generation is much lower
than that of their linear counterparts, circRNAs are abundant
in cells due to their resistance against ribonuclease degrada-
tion. However, an excess of circRNAs in cells may be
cytotoxic.55 In this context, the following question can be
posed: How do circRNAs get transported out of cells?
Studies have shown that exosomes and cellular microbubbles
may be “vehicles” for transporting excess circRNA out of
cells.55 Studies on exosomes have also shown that circRNAs
are more abundant than linear RNAs in exosomes, which also
supports this hypothesis.56

3. Underlying functions of circRNAs

3.1 Circrnas as miRNA sponges

The most prominent function of exonic circRNA in the cyto-
plasm is as an miRNA sponge. It is well known that miRNAs
bind to the 3′-UTR of mRNAs and inhibit the expression of
target genes. ceRNAs such as circRNAs generally contain one or
more miRNA response elements (MREs), andMREs can bind to
corresponding miRNAs to induce resumption of the expression
of miRNA downstream genes.57 Given the diverse functions of
miRNA-targeted genes, circRNAs also exert versatile effects
through acting as miRNA sponges. In tumor progression,
according to their particular functions, circRNAs can be divided
into tumor-promoting and tumor-suppressing types.

ciRS-7 (a circRNA sponge of miR-7) and circSRY are two
typical miRNA sponges. ciRS-7 contains more than 70 miR-7
binding sites and can bind to miR-7 via Argonaute (AGO).4

miR-7 has a wide range of functions and is involved in multiple
signaling pathways. Therefore, many tumors can be regulated
through the ciRS-7–miR-7 axis.58 However, miR-671 can bind to
ciRS-7, leading to its linearization followed by its degradation
mediated by AGO-2, leading to the release of miR-7.59 Many
other circRNAs can also act as miRNA sponges, and even inter-
act with long noncoding RNAs (lncRNAs).60 However, Guo and
Militello et al. indicated that owing to their low expression and
short length, some circRNAs cannot act as miRNA sponges,
suggesting that miRNA sponge activity may not be shared
among all circRNAs.61

3.2 Circrnas as protein sponges

Besides acting as miRNA sponges, circRNAs can bind to
proteins to regulate the behavior of cells. The aforemen-
tioned RNA-binding protein MBL can increase the rate of
circMBL formation by binding to the pre-MBL mRNA.
circMBL can bind MBL and induce the latter’s dysfunction,
thereby reducing its own expression level, maintaining
a dynamic balance.62 It was also reported that circ-Amotl1
can bind to PDK1 and AKT1 in cardiomyocytes, leading to
AKT1 phosphorylation for transport into the nucleus to
protect the myocardium from damage.45 It was also discov-
ered that circ-Amotl1 can bind to STAT3 and c-Myc and
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transfer them into the nucleus to promote cell proliferation,
invasion, and tumorigenesis.37 Therefore, circ-Amotl1 can
be used as a target in targeted therapy. Moreover, some
circRNAs can serve as “scaffolds” for the binding of two
different proteins, mediating their interaction. For example,
circFOXO3 binds to CDK2 and p21 complex to form
a triplet, which accelerates the dissociation of p21 and
CDK2, phosphorylates cyclinA and cyclinE, and promotes
cell cycle transition.22 In addition, p53 can also bind to
murine double minute (MDM2) through circFOXO3 to
promote its own degradation.21

3.3 Translation into proteins

Owing to their lack of a 5′ cap and a 3′ poly(A) tail, circRNAs
can generally not be translated into proteins, unlike their
linear counterparts. However, in vitro studies have revealed
that some circRNAs containing an open reading frame (ORF)
and an internal ribosome entry site (IRES) element possess
the ability to bind endogenous ribosomes and be translated
into proteins.63 The recruitment of YTHDF3 and EIf4G2 by
the m6A modification site of circRNAs is associated with the
potential of circRNAs to be translated into proteins.64 The
classical example of a circRNA that can be translated into
a protein is in the hepatitis D virus. When the hepatitis
D virus infects host cells, the circRNA in it is translated into
D-hepatic antigens.8 Moreover, circFBXW7 and circSHPRH
containing IRES can encode FBXW7-185aa and SHPRH-
146aa, respectively. Knocking out the IRES sequence can
lead to the inactivation of these circRNAs in glioma and
downregulate the expression of both FBXW7-185aa and
SHPRH-146aa.65,66 However, it remains controversial whether
circRNA-encoded proteins can be used as tumor therapeutic
targets or tumor biomarkers.66

3.4 Transcription modulator

Exon–intron circRNAs can form RNA–RNA junctions with
U1 small nuclear ribonucleoprotein (U1 snRNP) to activate
the RNA pol II complex and facilitate the expression of
paternal genes.67 However, intronic circRNAs, such as
circANKRD52 and circ sirt7, can interact with RNA pol II
complex to hamper the expression of paternal genes.38

A coding gene can form a linear RNA through canonical
splicing transcription or a circRNA through noncanonical
splicing. Because of their requirement for common exons,
the above two options compete in terms of achieving their
expression, leading to a dynamic balance between them.11

Some exonic circRNAs also contain promoters of linear
RNAs. Therefore, increased expression of circRNAs can dis-
able the translation of related linear RNAs; HIPK2/3 expres-
sion has been reported as a good example of this.11

4. Roles of circRNAs in cancer therapy

4.1 Circrnas as biomarkers for diagnosis and prognosis

Owing to them lacking open 3′ and 5′ ends, circRNAs are not
easily degraded by ribonucleases and exonucleases, so they

can stably and widely exist in cells, even in body fluids; this
facilitates their simple and early detection. Moreover, the fact
that circRNAs are evolutionarily conserved and exhibit tissue-
specific expression supports their use as tumor biomarkers.

Bachmayr-Heyda et al. asserted that, in highly proliferating
cells, the variety of circRNAs is reduced compared with that
in cells with a low rate of proliferation. In line with this, the
abundance of circRNAs in tumor tissues should be signifi-
cantly reduced relative to that in adjacent normal tissues.68

They subsequently confirmed this in a study on colorectal
cancer.23 In addition to profiles of circRNA abundance, cer-
tain aberrantly expressed circRNAs can often be used for the
early diagnosis of cancer, with sufficient efficacy to challenge
conventional tumor biomarkers. Hsa_circ_0000190 is down-
regulated in gastric cancer and its diagnostic specificity and
sensitivity are even better than those of carcinoembryonic
antigen (CEA) and carbohydrate antigen (CA19-9).69 High
expression of ciRS-7 in hepatocellular carcinoma has been
reported to be correlated with microvascular metastasis and
alpha fetoprotein (AFP) levels in hepatocellular carcinoma.70

Given the stability of circRNA and its positive correlation
with AFP, the combination of AFP and ciRS-7 could further
improve the sensitivity and specificity of liver cancer diagno-
sis. CEA is a conventional tumor biomarker for colorectal
cancer, but most patients in whom CEA positivity has devel-
oped have already reached the terminal stage of this disease.
Dou et al. found that, in KRAS-mutated colorectal cancer,
specific circRNAs are downregulated and others are upregu-
lated compared with their levels in paracarcinoma tissue,
suggesting a potential link between circRNAs and colorectal
cancer gene mutations.71 However, biopsy for examination is
invasive. Since Memczak et al. discovered that blood contains
enough circRNAs to be detected, circRNAs have been widely
found to be stably expressed in blood, saliva, urine, and
gastric juice, among other body fluids.26 In view of the mini-
mal invasiveness of liquid biopsy, circRNAs have gradually
gained clinical value as tumor biomarkers. Moreover,
circRNA expression in exosomes secreted by tumor cells was
found to be at least double that in normal cell exosomes, with
them acting to regulate the behavior of other tumor cells.72

This activity may be due to the higher proliferative capacity of
tumor cells and their increased production of circRNAs, so
more exosomes are required to transport circRNAs out of
cells. Considering the difference in the expression of
circRNAs between tumor exosomes and normal exosomes,
analysis of the differentially expressed circRNAs in exosomes
can also be used for the early diagnosis of tumors. Besides, the
specific fusion circRNAs encoded by fusion genes can also
identify cancers. For instance, fcircM1 produced by the MLL/
AF9 fusion gene in leukemia and circRNA produced by the
EML4-ALK fusion gene in non-small-cell lung cancer can be
used not only as biomarkers for diagnosis but also as targets
for tumor therapy.29,73

CircRNAs can also predict tumor stage and prognosis. For
example, downregulation of hsa_circ_0000745 was discovered
in cancerous tissues and plasma of patients with gastric can-
cer; its level in gastric cancer tissues was found to be closely
related to tumor differentiation, and its plasma level in
patients was related to the TNM stage of gastric cancer.74
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Moreover, hsa_circ_0000520 was found to be aberrantly
decreased in gastric cancer tissues and plasma, the level of
which was also positively correlated with the TNM stage of
gastric cancer; furthermore, its expression level in plasma was
positively correlated with the CEA level.75 Furthermore, the
expression level of hsa_circ_002059 in patients with gastric
cancer was significantly lower postoperatively than that before
surgery, while its expression level was significantly correlated
with distant metastasis, TNM stage, gender, and age.76

CircCCDC66 is also highly expressed in colorectal cancer,
and a higher circCCDC66 level was shown to be linked to
a worse prognosis.31 Finally, in liver cancer, the overexpres-
sion of hsa_circ_0005075 was revealed to be closely related to
clinicopathological factors such as tumor size.77

4.2 Circrnas in cancer treatment

The function of circRNAs asmiRNA sponges can affect a variety
of tumor progression-related signaling pathways. The basic strat-
egy for targeted therapy with circRNAs is to inhibit the expres-
sion of tumor-promoting circRNAs by gene knockout, antisense
oligonucleotides, and small interfering RNAs (siRNAs), or to
transfect artificial tumor-suppressing circRNAs. siRNAs can
bind to circRNA-specific back-splicing sites and specific
sequences on precursor mRNAs, such as upstream receptor,
downstream donor, and Alu element, to cause dysfunction of
RNA lariat formation. Besides, the employment of CRISPR/Cas9
technology to knock out tumor-promoting circRNA-expressing
genes is also a promising approach.78 Moreover, administering
tumor-suppressing circRNAs exogenously or synthesizing
circRNAs specific for tumor-promoting miRNAs also has clin-
ical value. For example, Liu et al. constructed an miRNA sponge
targeting miR-210 and miR-183–96-182 by inserting multiple
miRNA binding sites into the gene, successfully inhibiting the
growth and invasiveness of bladder cancer cells, and promoting
their apoptosis.79

4.3 Circrnas and tumor immunotherapy

Via their functions as miRNA and protein sponges, circRNAs
can bind tomiRNAs and proteins involved in modulating tumor
immunity. For example, hsa_circ_0020397 was discovered to
bind to miR-138 and indirectly promoted the expression of its
targets, including PD-L1, which binds PD-1 and hence mediates
tumor immune escape.80 Moreover, circFOXO3 can compete
with p53 for binding to MDM2, preventing p53’s degradation;
this is important as p53 plays a key role in inducing immune
responses.81 Abnormal circRNAs can be found in tumor cells
due to gene mutations and chromosomal variations. Owing to
their stability and heterogeneity, these circRNAs can be used as
tumor antigens to induce immune responses. Studies have
shown that abnormal circRNAs produced in tumor cells can
be secreted by exosomes or vesicles and presented to immuno-
cytes, such as Tregs, to stimulate immune responses.82

Additionally, proteins produced by the translation of circRNAs
can also elicit immune responses. Moreover, in exosomes,
circRNAs can coexist with miRNAs or mRNAs. Therefore,
circRNAs may bind to miRNAs or mRNAs to stabilize them
and inhibit their degradation, rather than directly regulate

immune responses themselves. After reaching their targeted
immunocytes, circRNAs release miRNAs or mRNAs to regulate
immunocyte function. CircRNAs can regulate tumor immune
responses through various mechanisms, as described above.
However, further study of the roles of circRNAs in tumor
immune responses and immune escape is still warranted.

5. Circrnas in pancreatic cancer

Although intense investigations of the roles of circRNAs in
tumor progression have been performed, only a few studies
have focused on circRNAs in pancreatic cancer. Such studies
have only been initiated in recent years, particularly in China.
Although the study of circRNAs in pancreatic cancer is still in
its infancy, we here summarize the roles of circRNAs in
pancreatic cancer, especially the involvement of specific
types of circRNA in pancreatic cancer progression, targeted
therapy, and drug resistance (Table 1), with the aim of draw-
ing attention to this promising field.

Most of the circRNAs in pancreatic cancers that have been
studied or are now under investigation were first identified by
Li et al.95 They analyzed six pairs of pancreatic cancer and
paracancerous tissues and found that the circRNA expression
profiles in these two tissues were significantly different; they
also evaluated another 20 pairs of tissue samples for further
confirmation. These abnormally expressed circRNAs may
become tumor biomarkers and therapeutic targets of pancrea-
tic cancer. These results were registered in the Gene
Expression Omnibus (GEO; No. GSE69362).

Since then, the results of Li et al. have become the cornerstone
for further research on the mechanisms of action of circRNAs in
the progression and chemoresistance of pancreatic cancer.95,96 For
example, inspired by the research of Li et al., Sun and colleagues
found that hsa_circ_0006988 has potential as a tumor biomarker
for pancreatic cancer, as revealed by an analysis using circRNA
research tools, such as circBase and cric2Traits. Hsa_circ_0006988
was significantly elevated in pancreatic cancer tissues and plasma.
Its expression level in pancreatic cancer tissues was also found to
be closely related to tumor blood vessel infiltration and lymphatic
metastasis, and its expression in plasma was significantly corre-
lated with CA19-9 level, N stage, blood vessel infiltration, and
lymphatic metastasis. In addition, hsa_circ_0006988 combined
with CA19-9 was also found to have higher sensitivity and speci-
ficity for the early diagnosis of pancreatic cancer.83 The role of the
hsa_circ_0006215–miR-378a-3p–SERPINA4 signaling axis in the

Table 1. CircRNAs and pancreatic cancer.

CircRNAs Expression Function Refs

hsa_circ_0006988 Up Biomarker 83

hsa_circ_0000977 Up MiR-874-3p sponge 84

hsa_circ_0006215 Up MiR-378a-3p sponge 85

circ_0007534 Up MiR-625 and miR-892b sponge 90 86

hsa_circ_0001649 Down Biomarker and target 87

hsa_circ_0036627 Up MiR-338 sponge 88

circIRAS Up MiR-122 sponge 89

circ_100782 Up MiR-124 sponge 90

circRHOT1 Up miR-26b,miR-125a,miR-330 and miR-
382 sponge

91

ciRS-7 Up MiR-7 sponge 92

circZMYM2 Up MiR-335-5p sponge 93

circ_0030235 Up MiR-1253 and MiR-1294 sponge 94
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progression of pancreatic cancer was also demonstrated, for the
first time in pancreatic cancer, they demonstrated that circRNAs
can function as miRNA sponges and modulate the expression of
tumor-related genes.84 Wang’s team also analyzed the circRNA
microarray expression profile in pancreatic cancer, and obtained
results similar to those of Li et al. The results of this study are also
registered in GEO (No. GSE79634).85 On this basis, hsa_-
circ_0000977 was discovered to be aberrantly expressed in pan-
creatic cancer tissues, and was shown to restore PLK1 through
binding to miR-874-3p, which silenced the function of PLK1;
moreover, PLK1 overexpression was shown to be associated with
poor prognosis in numerous cancers.97Meng et al. also discovered
that upregulated circ_0007534-facilitated cell proliferation and
invasion, and inhibited apoptosis by acting as a sponge towards
miR-625 and miR-892b.86 Moreover, Li’s team discovered that
circRHOT1 was elevated in pancreatic cancer and facilitated cell
proliferation, invasion, and metastasis by binding miR-26b, miR-
125a, miR-330, and miR-382.91 The aforementioned relationship
between ciRS-7 and miR-7 in pancreatic cancer progression was
also confirmed to occur through promoting the expression of
EGFR and STAT3.92 Then, circZMYM2/miR-335-5p/JMJD2C
and circ_0030235/miR-1253 ormiR-1294 axis were also identified
as the miRNA sponges function of circRNAs.93,94 Unlike the
aforementioned increase in the expression of circRNAs in pan-
creatic cancer, hsa_circ_0001649 was found to be downregulated
in pancreatic cancer tissue and cell lines, and its low expression is
often accompanied by advanced tumor staging and poor tissue
grading. However, the exogenous administration of hsa_-
circ_0001649 can suppress the proliferative capacity of pancreatic
cancer cell lines and induce apoptosis, suggesting that it can be
used as an exogenous anticancer agent.87 As mentioned earlier,
exosomes secreted by tumor cells can act as messengers that
transmit signals between cells. Research has shown that plasma
exosomes in patients with pancreatic cancer are rich in circ-PDE
8A and are associated with tumor progression and prognosis.
Moreover, an in-depth study revealed that circ-PDE8A can acti-
vate the MACC/MET/ERK signaling pathway through competi-
tive binding to miR-338 to facilitate tumor progression.88 The
same team also observed that circ-IARS contained in plasma
exosomes of patients with pancreatic cancer can be carried to
human microvascular endothelial cells, upregulating F-actin
expression and improving local cell adhesion by upregulating
RhoA and RhoA-GTP levels through binding to miR-122; this,
in turn, increases endothelial cell monolayer permeability, pro-
moting tumor cell invasion and metastasis.89 CircRNAs may also
play an important role in chemoresistance in pancreatic cancer.
Ding et al. confirmed that there was a difference between the
expression profiles of circRNAs in gemcitabine-resistant pancrea-
tic cancer cell lines and in normal pancreatic cancer cell lines; they
also suggested that circRNAs may play a role in pancreatic cancer
chemoresistance by acting asmiRNA sponges affecting theMRPK
and mTOR signaling pathway.98 At the same time, Huang et al.
constructed a PANC-1-GR gemcitabine-resistant cell line and
analyzed the difference in the expression profiles of circRNAs
between PANC-1-GR and PANC-1.The two circRNAs (chr14:
101402109–101464448+, chr4: 52729603–52780244+) with the
most significant differences between the two groups were identi-
fied, and it was found that silencing their expression restored the
sensitivity of pancreatic cancer resistant cell lines, while their

overexpression weakened this sensitivity.99 Another study showed
that circ_100782 is upregulated in pancreatic cancer and increases
the expression of downstream IL-6R and STAT3 by binding to
miR-124, thereby promoting the proliferation of the pancreatic
cancer cell line BxPC-3.90 The upregulation of STAT3 canmediate
tumor immune escape. Therefore, circ_100782 may play a role in
tumor immunity of pancreatic cancer, although the specific
mechanisms involved in this remain to be explored.100

6. Conclusions and future prospects

Because of a dearth of specific targeting molecules, preopera-
tive neoadjuvant chemotherapy and adjuvant therapy after
radical surgery cannot significantly improve the long-term
survival rate of patients, which is the major bottleneck in
the treatment of pancreatic cancer. Studies have shown that
the interactions between various molecules in the microenvir-
onment of pancreatic cancer tumors, as well as pancreatic
cancer stromal cells and tumor cells, play crucial roles in the
progression of this disease. By continuing the search for new
molecular targets that are specific to pancreatic cancer, versa-
tile molecular targets could become the main focus of research
to overcome pancreatic cancer.

Recent studies on circRNAs have gradually revealed their
various roles in tumor progression. The most common and
important function of circRNAs is as miRNA sponges.
Through the circRNA–miRNA–mRNA axis, circRNAs can
up- or downregulate gene expression and affect tumor pro-
gression. The roles of circRNAs in tumor immunity, exocytic
transport, as protein sponges, and their translation into
functional proteins can also affect tumor progression.
These functions of circRNAs, either inhibiting the expres-
sion of tumor-promoting circRNAs or exogenously upregu-
lating the expression of tumor-suppressing ones, have been
utilized for tumor-targeted therapy.

Studies of circRNAs for the diagnosis and treatment of
pancreatic cancer are still in their infancy, but have already
made some progress. For example, it has been shown that
there is a significant difference in the expression profile of
circRNAs in pancreatic cancer tissues compared with that in
adjacent tissues, which has also been supported by plasma
analyses. Additionally, in-depth studies have demonstrated
that circRNAs in pancreatic cancer can modulate the behavior
of pancreatic cancer tumors, such as their invasion, metasta-
sis, immune escape, and chemoresistance, through various
signaling axes by binding to miRNAs. This suggests that
circRNAs play versatile roles in pancreatic cancer; moreover,
the identification of these signaling pathways can form the
basis of a search for therapeutic targets for pancreatic cancer.
Within the field of study of circRNAs in pancreatic cancer,
there is still a lack of convictive animal experiments and
clinical research to confirm the role of circRNAs in clinical
treatment. Therefore, further study on the mechanisms of
action of circRNA in pancreatic cancer is still awaited. We
believe that, in the near future, circRNAs should benefit the
early diagnosis and targeted treatment of pancreatic cancer,
given their analytical advantages and an extensive range of
functions.
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