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Abstract

The incidence of gastrointestinal cancers has increased significantly over the past
decade and gastrointestinal malignancies now rank among the leading causes of
mortality globally. Although newer therapeutic strategies such as targeted
therapies have greatly improved patient outcomes, their clinical success is limited
by drug resistance, treatment failure and recurrence of metastatic disease.
Therefore, there is an urgent need for further research identifying accurate and
reliable biomarkers for precise treatment strategies. Circular RNAs (circRNAs)
exhibit a covalently closed structure, high stability and biological conservation,
and their expression is associated with the occurrence and development of
gastrointestinal tumors. Moreover, circRNAs may significantly influence drug
resistance of gastrointestinal cancers. In this article, we review the role of
circRNAs in the occurrence and development of gastrointestinal cancer, their
association with drug resistance, and potential application for early diagnosis,
treatment and prognosis in gastrointestinal malignancies. Furthermore, we
summarize characteristics of circRNA, including mechanism of formation and
biological effects vian mRNA sponging, chromatin replication, gene regulation,
translational modification, signal transduction, and damage repair. Finally, we
discuss whether circRNA-related noninvasive testing may be clinically provided
in the future. This review provides new insights for the future development of
diagnostics and therapeutics based on circRNAs in gastrointestinal tumors.

Key Words: Gastrointestinal cancer; Circular RNA; Drug resistance; Genomics; Targeted
therapy; Molecular mechanics
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Core Tip: Circular RNAs (circRNAs) were first discovered in 1976, and then more
related biological functions were discovered. For example, as a miRNA sponge,
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Xi 5] et al. circRNAs in gastrointestinal tumors and drug resistance

circRNA participates in tumor-related processes, translation modification, signal
transduction, and DNA damage repair. Gastrointestinal tumors have a high incidence,
and some patients also show drug resistance during treatment. On this basis, we
reviewed the relationship between circRNA and gastrointestinal tumors and the
relevance of drug resistance, hoping to conduct more in-depth research on circRNA. At
the same time, it is hoped that circRNA will provide new directions and strategies for
future cancer treatment.

Citation: Xi SJ, Cai WQ, Wang QQ, Peng XC. Role of circular RNAs in gastrointestinal tumors
and drug resistance. World J Clin Cases 2021; 9(34): 10400-10417

URL: https://www.wjgnet.com/2307-8960/full/v9/i34/10400.htm

DOI: https://dx.doi.org/10.12998/wjcc.v9.i34.10400

INTRODUCTION

The incidence of gastrointestinal tumors has increased significantly in recent years[1].
Gastrointestinal tumors, one of the most common cancer types, are increasingly
treated with novel treatment strategies including targeted therapies and immuno-
therapies[2]. In clinical practice, pemetrexed, paclitaxel, cisplatin, sorafenib, and 5-
fluorouracil (5-FU), among other drugs, are commonly used therapeutics, but the
frequent emergence of drug resistance renders treatment extremely challenging.
Radiotherapy and chemotherapy resistance are typically caused by both tumor-cell
intrinsic and extrinsic mechanisms, including epithelial-mesenchymal transition
(EMT), alterations in tumor microenvironment, and hypoxia signaling[3].

Circular RNAs (circRNAs) have been found to be associated with the occurrence
and development of a variety of cancers. They were first detected in 1976 in both RNA
viruses and eukaryotic cells[4], but were considered meaningless and an erroneous
splicing structure at the time[5]. However, in 1993, Capel et al[6] found that circRNAs
accounted for > 90% of adult testicular SRY transcription. In 2012, Salzman et al[7]
reported circRNA transcription of hundreds of human genes. Work by Memczak et al
[8] in 2013 revealed that circRNA exhibit regulatory effects, and later work demon-
strated that circRNAs can represent competitive endogenous RNAs[9] (Figure 1).
These preliminary studies laid the foundation for the later discovery that circRNA is
involved in gastrointestinal tumors. Here, we highlight the relationship between
circRNAs and the occurrence and development of gastrointestinal tumors, as well as
drug resistance in these tumors.

Figure 1 highlights the timeline of breakthrough research on circRNAs and their
potential application in the field of oncology.

INTRODUCTION TO circRNAs

circRNAs have complex biological functions in gastrointestinal tumors. Here, we
discuss the sponging effect of circRNAs in tumors as well as their effects on chromatin
replication, gene regulation, translational modification, signal transduction, and
damage repair.

Characteristics of circRNAs

circRNAs are circular RNA molecules formed by covalent sealing of single-stranded
RNA molecules. The majority of circRNAs is located in the cytoplasm. circRNAs are
highly stable and biologically conserved[10]. They have an uncapped 5' end and no
polyA structure at the 3' end[11]. circRNAs usually occur during the splicing process
after transcription[12], and the majority of circRNAs can be degraded by RNase L
endonuclease while they cannot be easily degraded by exonuclease[13]. circRNAs are
considered functional noncoding transcripts that can produce functional peptides or
proteins[14]: studies have shown that many circRNAs are translated and therefore
circRNAs cannot be defined as entirely noncoding RNAs. For example, the 220-
nucleotide CCC RNA in the wheat germ extraction system provided the first proof of
natural circRNA translation in 2014[15]. Moreover, some circRNAs have an N6-
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CircRNA was first detected
in RNA viruses and
eukaryoticcells in 1976

In 2012, due to the development
of high-throughput sequencing
technolog, a large number of
circRNAs were discovered

In 2015, research showed
that circRNA can be used as a
competitive endogenous RNA

1976 1993

2012 2013 2015 PRESENT

In 1993, circular transcription
of the Sry gene was found in
mice

In 2013, it was discovered that
circRNA has a regulatory role
and functions as a sponge

Current circular RNA is still a
research hotspot

Figure 1 The milestones in circRNA research from its discovery in 1976 to present. circRNA: Circular RNA.
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methyladenosine (m6A) modification that promotes the translation of circRNAs and
plays a role in either inhibition or promotion of tumor progression[16,17]. circRNAs
are suggested to be involved in the progression and drug resistance of a variety of
cancers, although further studies need to be conducted to confirm the exact
mechanisms of action[18]. By understanding the properties and functions of circRNAs,
we can further explore the mechanisms of their involvement in gastrointestinal tumors
as well as potential future applications for diagnosis and treatment.

Mechanisms of circRNA formation

In recent years, there have been several studies investigating the formation of
circRNAs. circRNAs are divided into four types: exonic, intronic, exon-intron, and
intergenic[19]. At present, the mechanisms of circRNA processing and maturation are
still largely unclear[20], but recent studies suggest that 80% of circRNAs are exonic
circRNAs (ecircRNA), which have two key formation mechanisms: lasso-driven
circularization (exon skipping) and intron pair-driven circularization (direct reverse
splicing)[21] (Figure 2). mRNA intron lassos can evade degradation during splicing,
forming circRNA with 2, 5'phosphodiester bonds, and the same sequence can form
different circRNAs via different types of splicing. Not all exons can be spliced to form
circRNAs, however the more spliced an RNA is, the less fully processed mRNA exists,
for example in the rat P4502C24 gene[22].

There are also other theories that state that circRNAs can be formed by RNA-
binding proteins (RBPs) or flanking introns that interact with each intron through
RNA-RNA interaction to promote the combination of both ends of the head and tail,
ultimately leading to the formation of intronic circRNAs (ciRNAs) or exon-intron
circRNAs (EIciRNAs). More research investigating the formation mechanisms of
circRNA in-depth will thus be required in the future.

Biological function of circRNAs

circRNA sponge effects: circRNAs are associated with various conditions and
diseases including aging, defect insulin secretion, Alzheimer’s disease, gastrointestinal
tumors, as well as cardiovascular and cerebrovascular diseases, to name a few[23-26].
Generally, circRNAs bind to mRNAs by base complementary pairing, thereby
potentially participating in the tumor related processes[27].

CDR1as is the product of cerebellar degeneration-related protein 1 (CDR1), also
known as ciRS-7[28]. Knockdown of CDR1las can promote the degradation of miR-7-
targeted mRNA and can act as a miR-7 sponge[29,30]. It has been reported that in
addition to ciRS-7, circPVT1 may also promote cell proliferation by acting as a sponge
for miR-125 family members[31]. circRNAs can also act as sponges for RBPs or miR-
138 family members[32,33].

circRNAs exhibit a sponging activity for specific miRNAs, thereby inhibiting
miRNA-based inhibition of gene expression.

Impact of circRNAs on chromatin replication: Increasing numbers of studies have
shown that circRNAs are involved in chromatin replication. Chromatin replication
includes DNA and nucleosome replication, during which nucleosomes interact with
nucleoproteins that are important for protein recruitment, DNA replication,
transcription, and damage repair[34]. DNA replication occurs in the nucleus[35].
During chromatin replication, certain proteins may be recruited which help to
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organize chromatin regions and regulate gene expression. Chromatin immunoprecip-
itation (ChIP) sequencing technology has detected the presence of nuclear circRNAs
during chromatin replication, which indicates that circRNAs may play a role in this
process[36]. Moreover, ChIP studies have also found that overexpression of circRNAs
inhibits tumor proliferation in bladder cancer[37]. Clarifying the role of circRNAs in
chromatin replication may therefore provide future insights for inhibiting tumor
proliferation.

CircRNA regulation of gene transcription: circRNAs regulate gene transcription
function and play an important role in gastrointestinal tumors. Studies have shown
that addition of m6A is a reversible transcriptomic modification found in many
eukaryotic mRNAs[38]. m6A modification of circRNAs aids their translation to
proteins[39,40]. For example, circ-FBXW?7 can be translated into the FBXW7-185aa
protein after m6A modification[14]. Circular structures may even be translated into
more proteins than linear structure in the ribosome[41]. circRNAs are transcribed by
RNA polymerase (Pol) II and can be produced by spliceosomes, including hetero-
geneous nuclear ribonucleoproteins (hnRNPs)[42]. For example, when precipitating
circEIF3] or circPAIP2, Polll, U1A, Ulc and Ul small nuclear RNAs are detected.
Similarly, EIciRNAs can interact with Pol II, Ul hnRNP and parental gene promoters
to enhance the transcription of parent genes, thus affecting protein translation[43]. The
peptides encoded by circRNA can interfere with the metabolism or metastasis of
tumors, thereby exerting an antitumor effect[44]. Nuclear circRNAs act as transcrip-
tional or splicing regulators that interfere with gene expression and participate in
selective splicing and transcription processes[45]. For instance, circITGA7 plays a
negative regulatory role in the Ras pathway and inhibits RREB1 upregulation through
the Ras pathway, which typically results in ITGA7 transcription[46]. circSHKBP1 has
been shown to act as a miR-582-3p sponge and regulates the HUR/VEGF pathway in
the promotion of the progression of gastric cancer[47].

To summarize, circRNAs play many biological roles and are involved in splicing,
transcriptional or translational regulation, sequestering of miRNA, and protein
binding. Although the mechanisms are largely unclear, circRNAs are likely to play a
vital role in tumor development via these processes.

circRNA post-translational modifications (PTMs): Modifications can be regulated by
the structure of chromatin, and it can also use ATP hydrolysis to generate energy to
relocate the recombinase, and post-translational histone modifications, such as
acetylation, phosphorylation, methylation and many other forms[48]. PTMs often
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occur after protein translation. The most common PTMs influenced by circRNAs are
methylation and acetylation. In the tumor microenvironment, circRNAs can promote
acetylation and kill tumor cells by regulation of gene expression. For example,
circSETD3 can inhibit a-tubulin acetylation by upregulation of MAPER1 expression in
nasopharyngeal carcinoma, thereby promoting the invasion and migration of tumor
cells, confirming a potential for circRNAs as a biomarker[49]. In gastric cancer,
circMRPS35 can inhibit the progression of tumors via the circMRPS35/KAT7/
foxol/3a pathway, influencing acetylation via the histone acetyltransferase KAT7[50].
In liver cancer, circRNAs have been shown to modify methylation, with most
circRNAs with methylation sites having only one methylation peak[51]. Moreover,
circSOD2 increases the DNA methylation of the SOCS3 promoter, thereby playing a
role in liver cancer tumors[52].

circRNAs and signal transduction: Signal transduction pathways often undergo
abnormal changes in the occurrence and development of tumors. In osteosarcoma,
circTCF25 has been shown to promote phosphorylation of signal transducers and
produce carcinogenic effects[53]. In lung cancer, circ-ZKSCAN1/miR-330-
5p/FAMBS3A can regulate the signal transduction pathway, and the reduction of
circ_ZKSCANT1 can inhibit tumor cell migration and proliferation[54]. In breast cancer,
hsa-circ-0061825 (circ-TFF1) may promote progression by affecting miR-326/TFF1
signaling[55]. circFMN2 may promote colorectal cancer progression via the miR-
1182/hTERT signaling pathway[56]. circ0000190 has been shown inhibit proliferation
and metastasis of gastric cancer cells by regulation of caspase-3 expression and
inhibition of the miR-1252/PAK3 pathway[57]. Exploring diverse signaling pathways
influenced by circRNA may provide potential therapeutic targets relating to tumor
development and progression in the future.

circRNAs and damage repair: DNA breaks are characterized as single- or double
strand [58]. In vivo repair mechanisms support the precise repair of single-strand
breaks, while double-strand breaks often lead to cell death[59]. The occurrence of
tumors is sometimes related to radiation, which causes DNA double-strand breaks. In
noncoding RNA, the signal ionizing radiation response can be adjusted by targeting
[60]. In breast cancer, circSMARCAD can participate in the remodeling of damaged
chromatin DNA[61]. Assessing the influence of circRNAs on DNA damage repair
mechanisms in different cells may provide valuable information for DNA repair in the
future.

circRNAs AS BIOMARKERS AND THERAPEUTIC TARGETS IN GASTROI-
NTESTINAL TUMORS

Tumor development is a complicated pathological process. Molecules such as
noncoding RNAs and cell-free DNA may be used as potential biomarkers but also
therapeutic targets for benign and malignant diseases of the gastrointestinal tract[62].
The mechanism of anticancer drug resistance is multifaceted. Tumor growth, tumor
microenvironment, immune system, and selective treatment pressure all affect tumor
resistance[63]. Unfortunately, some patients develop drug resistance that requires
exploration of other treatment directions. Therefore, drug resistance research is a key
area of investigation. Several studies have suggested that circRNAs may play a key
role not only as therapeutic targets for digestive system tumors but targeting them
may also help to overcome drug resistance.

circRNAs regulate gastric cancer progression and drug resistance
Owing to their special circular structure, circRNAs can be stably present in peripheral
bodily fluids such as saliva and plasma, and can remain stable in serum for > 24 h[64].
Research has found that out of 11 circRNAs assessed, five were upregulated and
promoted cancer, while six were downregulated and exhibited cancer-suppressing
effects[65].

circRNA100876 is highly expressed in gastric cancer (GC) tissues and influences the
miR-665/YAP1 signaling pathway. It can inhibit the proliferation, invasion and
migration of GC cells by downregulation of the EMT pathway[66]. Conversely, studies
have shown that circCUL3 can promote extracellular acidification rate, lactic acid
production, and GC cell proliferation. This circRNA is highly expressed in GC tumor
cells and has been shown to promote the expression of signal transducer and activator
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of transcription (STAT) 3 via sponging of miR-515-5p[67]. Similarly, circTMEMS87A is
also highly expressed in GC and can sponge miR-142-5p, regulating ULK1 expression
and thus promoting GC proliferation and metastasis[68]. circRNA-0044516 is likewise
upregulated in GC and acts as a miR-149 sponge. circRNA-0044516 silencing results in
reduced Wntl and B-catenin protein levels and inhibits GC progression[69].
circ0000039 is also upregulated in GC, adsorbs miR-1292-5p, and upregulates DEK
expression to promote GC proliferation and progression as an oncogene[70]. Circ-
0004872 is significantly downregulated in GC tumor cells and has a tumor-suppressive
effect. It acts as a miR-224 sponge and upregulates expression of miR-224 downstream
targets p21 and Smad4[71]. circ-ITCH is also lowly expressed in GC. It negatively
regulates the Wnt/p-catenin signaling pathway as a tumor suppressor, inhibiting
tumor occurrence and development[72]. circPDZD8 is an oncogene circRNA that is
upregulated in GC tissues and cells and acts as a miR-197-5p sponge. Its knockout is
beneficial for suppression of tumor occurrence[73].

circRNAs participate in various pathological processes. However, their participation
in processes such as drug resistance is not mediated by simple up- or downregulation.
Their special covalent closed-loop structures play biological roles in transcription and
translation and these mechanisms need to be further explored and characterized.
Studies have shown that circMTHFD2 can promote GC cell resistance to pemetrexed
via molecular sponging of miR-124, thereby increasing the patient’s medication time
for pemetrexed, reducing the occurrence of drug resistance, and prolonging patient
survival[74]. circ-PVT1 enhances the sensitivity of GC cells to paclitaxel by negatively
regulating miR-124-3p, and its knockdown increases the sensitivity of gastric cancer to
paclitaxel[75]. circAKT3 promotes DNA damage repair both in vivo and in vitro and
inhibits apoptosis in GC patients. Moreover, circAKT3 promotes PIK3R1 expression via
miR-198 targeting, and circAKT3 downregulation, which is conducive to the cisplatin
sensitivity of GC cells, indicating that circAKT3 knockdown inhibits further growth of
GC, improves GC sensitivity and prolongs survival of patients using cisplatin drugs
[76]. circFN1 (hsa-circ-0058147) is predominantly located in the cytoplasm and
regulates cisplatin activity via miR-182-5p targeting, preventing the ability of miR-182-
5p to activate caspase-3 via phosphorylation and inhibition of apoptosis in GC
patients. Several studies point towards an involvement of circFN1 in cisplatin
resistance and it may represent a future therapeutic target for cisplatin resistance in
patients with GC[77]. circRNA may play a role in GC through regulating signaling
pathways, and have an impact on the development of drug resistance in these GC
patients. The specific mechanisms need to be further studied, but given the evidence
so far, the role of circRNAs in GC should not be underestimated. Thus, circRNAs may
play an important role as a potential diagnostic and prognostic indicators of GC in the
future (Table 1).

circRNAs regulate liver cancer progression and drug resistance

Hepatocellular carcinoma (HCC) has become one of the leading global cancers with an
extremely high fatality rate. The prevalence of liver cancer is higher in men than in
women, and it is related to risk factors such as hepatitis B and C, smoking, diabetes,
and Aspergillus infections[78]. Studies have demonstrated that several circRNAs may
either be potential biomarkers for the diagnosis of HCC or represent therapeutic
targets for inhibiting tumor development. For example, hsa-circ-0004018 is highly
sensitive to ,-fetoprotein and circ-0016788 may represent a personalized treatment for
HCC patients[79]. Similarly, circZKSCANT1 and circPCNX may be used as diagnostic
markers for liver cancer[80], while hsa-circRNA-100084 acts as a sponge for hsa-miR-
23A-5P, promoting IGF2 expression[81]. circ-0051443 is transferred from normal cells
to cancer cells via exosomes and exerts tumor-suppressing functions, inhibiting HCC
[82]. circ-0091579 suppresses HCC proliferation and metastasis via targeting miRNA-
490-3p. circABCB10 acts as a miR-670-3p sponge, upregulating HMG20A expression
and thereby promoting HCC development. However, circ ABCB10 knockdown inhibits
the migration and metastasis of tumor cells[83]. The mechanisms of action of circRNAs
in liver cancer need to be further investigated to achieve better insights regarding their
role and therapeutic potential.

Patients with liver cancer often face drug resistance. circRNAs have been found to
influence drug resistance in several studies. For example, circRNA-101237 is associated
with cisplatin sensitivity in HCC patients. Increased levels of circRNA101237 have
been reported in the serum of cisplatin-resistant HCC patients and Huh?7 cells, and
patients with high expression typically have poor prognosis and low survival rates.
circRNA_101237 can be used as an independent predictor of the prognosis of liver
cancer patients[84]. hsa-circ-u0006294, hsa-circ-u0035944 and hsa-circ-u0084663
activate the Wnt/p-catenin pathway and inhibit HCC growth; of these, hsa-circ-
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Table 1 circRNAs involved in gastric cancer gene transcription regulation and drug resistance

Gene
:::;i; circRNA expression Mechanism Drug Ref.
Up  Down
Gastric cancer circRNA100876 T Via miR-665/YAP1 signaling pathway NR [66]
Gastric cancer circCUL3 T Acts as a sponge for miR-515-5p NR [67]
Gastric cancer circTMEMS7A T Acts as a sponge for miR-142-5p NR [68]
Gastric cancer circRNA0044516 T Acts as a sponge for miR-149 NR [69]
Gastric cancer ¢irc0000039 T Acts as a sponge for miR-1292-5p NR [70]
Gastric cancer has-circ-0004872 l Acts as a sponge for miR-224 NR [71]
Gastric cancer circ-ITCH l Negative regulation of Wnt/B-catenin signaling pathway NR [72]
Gastric cancer circPDZD8 T Acts as a sponge for miR-197-5p NR [73]
Gastric cancer circMTHFD2 T Combined with miR-124 to exert sponge effect and induce MDR-1 Pemetrexed [74]
protein
Gastric cancer circ-PVT1 T By negatively regulating miR-124-3p Paclitaxel ~ [75]
Gastric cancer circAKT3 T Promote PIK3R1 expression through miR-198 Cisplatin [76]
Gastric cancer circFhashsa-circ- T Regulation of cisplatin activity via miR-182-5p Cisplatin [77]

0058147

NR: Not reported; circRNA: Circular RNA.
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10006294 and hsa-circ-u0035944 have been found to be downregulated in HCC and
influence sorafenib resistance[85]. Likewise, circ-0003418, which inhibits the Wnt/ -
catenin pathway, is downregulated in HCC, but increases the sensitivity of HCC to
cisplatin. Conversely, knocking down circ-0003418 promotes HCC growth and prolif-
eration[86]. circFBXO11 is upregulated in HCC and promotes progression and
oxaliplatin resistance via the miR-605/FOXO3/ABCB1 axis[87].

Liver resection and liver transplantation are common surgical treatments for
patients with liver cancer[88]. Patients usually require radiotherapy and chemotherapy
after surgical resection. However, with chemotherapy and targeted medication, drug
resistance often occurs and the probability of liver cancer recurrence is high with poor
prognosis. As presented in the results above, circRNAs have been shown to regulate
HCC tumor growth, differentiation, apoptosis and migration. These and future studies
may enable the application of circRNAs as potential prospective biomarkers in liver
cancers, and the above-mentioned circRNAs may also have certain regulatory effects
on drug resistance. Further in-depth research will likely provide new diagnostic
indicators for liver cancer patients (Table 2).

circRNAs regulate colorectal cancer progression and drug resistance

Colorectal cancer (CRC) is the third most deadly and fourth most commonly
diagnosed cancer in the world. Alcohol, tobacco, sedentary lifestyles and obesity have
been reported to increase the risk of CRC[89]. It is estimated that by 2030, the global
incidence of CRC will be as high as 60%, meaning that there will be nearly 1.4 million
new patients[90]. Many circRNAs are dysregulated in CRC tissues compared with the
normal mucosa. circNSUN2 is opposite to the 5p15 amplicon and interacts with
YTHDC1, SRSF3, and NXF1. Upregulation of circNSUN2 in CRC promotes metastasis
and is associated with poor prognosis; as a cancer-promoting circRNA, it may be used
as a clinical diagnostic or prognostic marker in the future[91]. hsa-circ-101555
(circ101555) is also a cancer-promoting circRNA that sponges miR-597-5p, whose
potential targets are CDK6 and RPA3. hsa-circ-101555 knockdown results in inhibition
of CRC proliferation and metastasis, thus it may also be used as a future prognostic
factor and therapeutic target for CRC[92]. High levels of circHIPK3 expression result
in a low overall survival rate of CRC, and there is a negative correlation between
circHIPK3 expression and CRC survival. circHIPK3 can inhibit the proliferation,
migration and invasion of CRC cells[93]. circCCDC66 exerts its function by regulation
of a subset of oncogenes, and studies have shown that circCCDC66 knockout inhibits
CRC cell growth and invasion, while circCCDC66 upregulation results in poor CRC
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Table 2 circRNAs involved in liver cancer gene transcription regulation and drug resistance

Gene
Cancer . . .
s circRNA expression Mechanism Drug Ref.
Up Down
Liver circ100084 1 Promotes IGF2 expression by acting as a sponge for HSA- NR [81]
cancer MIR-23A-5P
Liver circABCB10 1 Upregulates HMG20A expression by acting as a miR-670- NR [83]
cancer 3p sponge
Liver circRNA-101237 1 Increased levels in serum and Huh? cells of cisplatin- Cisplatin  [84]
cancer resistant HCC patients
Liver Hsa-circ-u0006294, hsa-circ-u0035944, l Plays a role by activating the Wnt/p-catenin pathway Sorafenib  [85]
cancer hsa-circ-u0084663
Liver circ-0003418 l Inhibits Wnt/B-catenin pathway Cisplatin  [86]
cancer
Liver circFBXO11 T Uses miR-605 /FOXO3/ ABCB1 axis adjustment Oxaliplatin [87]

cancer

NR: Not reported; circRNA: Circular RNA.

Jaishideng®

prognosis. Additionally, circCCDC66 knockdown increases the therapeutic effect of
oxaliplatin on CRC[94,95]. hsa-circ-0000069 is highly expressed in CRC and its
knockdown significantly inhibits the growth and proliferation of tumor cells[96].

In addition to their roles in both suppression and promotion of cancer, circRNAs
also play a key role in drug resistance. Topoisomerase is widely distributed in
eukaryotic cells and was identified as the target of the anticancer drug camptothecin in
the 1970s. Irinotecan, a camptothecin derivative, is used as a treatment for CRC. It is an
S-phase-specific, effective anticancer treatment for metastatic CRC. circRNAs may
promote irinotecan resistance by regulating cancer-stem-cell-like characteristics[97].
For example, circ001680 modulates BMI1 via miR-340 and it can be used to induce
irinotecan sensitivity in CRC, suppressing CRC proliferation and migration. circ001680
may thus represent a potential indicator of irinotecan chemotherapy resistance[98].
hsa-circ-0005963 inhibits glycolysis and reverses drug resistance by targeting pKM?2 via
miR-122 sponging: it increases oxaliplatin sensitivity in CRC via downregulation of
PKM2[99]. circ-0000338, which is found in extracellular vesicles, has been found to
improve 5-FU resistance in CRC cells. circ-0000338 may have dual regulatory effects,
capable of both suppressing and causing cancer[100]. hsa-circ-32883 expression is
upregulated in CRC, and the circRNA produced by the exon region exerts a cancer-
promoting effect. Thus, hsa-circ-32883 may be a powerful biological target, but its
mechanism of resistance relating to 5-FU and oxaliplatin is not yet clear[101]. The
expression of circ0007031, circ0000504 and circ0007006 is elevated in CRC. Upregu-
lation of hsa-circ-0000504 can reduce the inhibitory effect of hsa-miR485-5p on STAT3
and promotes chemical radiation resistance. Additionally, silencing STAT3 results in a
significant reduction of 5-FU resistance and clone survival after irradiation[102]. hsa-
circ-0079662 regulates HOXA9 and induces oxaliplatin resistance via hsa-miR-324-5p
binding in CRC[103]. Studies have shown that circDDX17 can enhance CRC sensitivity
to 5-Fu via upregulation of miR-31-5p/KANKI1[104].

Taken together, circRNAs appear to play important roles in CRC which is
summarized in Table 3.

circRNAs regulate esophageal cancer progression and drug resistance

Esophageal cancer (EC) is an extremely aggressive type of cancer with a 5-year
survival rate between 15% and 20%. EC is the eighth most prevalent tumor in the
world and the sixth leading cause of cancer-related deaths. Due to its poor prognosis
and low survival rate, it is particularly important to identify the reliable biomarkers
for its early diagnosis[105].

A study has reported 1045 upregulated and 1032 downregulated circRNAs in EC
[106], and several studies have suggested that circRNAs play an important role in the
regulation of gene transcription in EC. For example, hsa-cric-0004771 promotes
esophageal squamous cell carcinoma via the miR-339-5P/CDC25A axis, and its
knockdown inhibits proliferation and migration of development of esophageal
squamous-cell carcinoma (ESCC). Nonetheless, its mechanisms of action have not been
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Table 3 circRNAs involved in colon cancer gene transcription regulation and drug resistance

Gene expression

Cancer type circRNA Mechanism Drug Ref.
Up Down

Colon cancer  circNSUN2 T Interact with YTHDC1, SRSF3 and NXF1 NR [91]
Colon cancer  hsa-circ-101555 1 Acts as miR-597-5p sponge NR [92]
Colon cancer  circHIPK3 T Acts as miR-7 sponge NR [93]
Colon cancer  circCCDC66 T DHX9 phosphorylation Oxaliplatin [94,95]
Colon cancer  circ-001680 il Adjust BMI1 via miR-340 Irinotecan [98]
Colon cancer  hsa-circ-0005963 T Acts as miR-122 sponge Oxaliplatin [99]
Colon cancer  circ-0000338 T or | Knock out circ-0000338 improves drug resistance ~ 5-FU [100]
Colon cancer  hsa-circ-32883 i uncertain 5-FU, oxaliplatin [101]
Colon cancer  ¢irc0007031, circ0000504, circ0007006 1 Use hsa-miR485-5p pathway 5-FU [102]
Colon cancer  hsa-circ-0079662 1 Using the TNF-a pathway oxaliplatin [103]
Colon cancer  circDDX17 il Adjustable via miR-31-5p/KANKI axis 5-FU [104]

NR: Not reported; circRNA: Circular RNA.

Jaishideng®

fully elucidated[107]. circUBAP2 is upregulated in ESCC and acts as a miR-422a
sponge. circUBAP2 knockdown inhibits ESCC progression and prevents the spread of
tumor cells[108]. hsa-circ-0006948 is likewise upregulated in ESCC and promotes the
growth and development of tumor cells via the miR-490-3p/HMGA?2 axis[109].
Similarly, circ-0000654 is upregulated in ESCC. It promotes proliferation and
migration of tumor cells via the miR-149-5p/IL-6/STAT3 axis and tumor progression
can be suppressed by circ-0000654 knockdown[110]. circGSK3 is another upregulated
circRNA in ESCC. It promotes tumor cell proliferation via B-catenin signaling, which is
positively correlated with poor prognosis[111]. circ-Foxo3 exhibits low expression in
ESCC and modulates the miR-23a/PTEN pathway to inhibit ESCC development[112].
circPVT1 has been found to be significantly upregulated in EC and is suggested to
play a role in the proliferation of TE-10 tumor cells via miR-4663[113].

ciRS-7 is abnormally increased in ESCC and promotes tumor cell growth. It may act
as an oncogene, promoting promotes tumor cells proliferation by acting as a miR-876-
5p sponge. Meng et al[114] have shown that ciRS-7 inhibits autophagy in ESCC
induced by starvation or rapamycin immunosuppressive agents. Huang et al[115]
confirmed that ciRS-7 promotes migration and invasion of ESCC cells via miR-7/KLF4
and NF-xB signaling pathways. Knockdown of KLF-4 in ESCC attenuates ciRS-7
invasion[114,115]. Drug resistance in EC is affected by cell proliferation, metastasis,
glycolytic enzymes and other factors, among them circRNAs, IncRNAs, miRNAs, and
acetyl-coenzyme, a synthetase short-chain family member 2 (ACSS2). Of the above-
mentioned factors, IncRNAs have been particularly well studied. For example, ACSS2
affects the absorption of cisplatin in ESCC and protects cancer cells from cisplatin
[116]. Conversely, research investigating the relationship between circRNAs and EC
drug resistance is lacking. It has been demonstrated that circRNA-001275 upregulates
Wnt family member 7A (Wnt7a), which triggers tumor cell growth via cisplatin, via
miR-370-3p, inducing drug resistance[117]. Although there are few studies on circRNA
in esophageal cancer drug resistance (Table 4), it can be expected that more circRNAs
that play a role in the development and resistance of esophageal cancer will be
discovered.

circRNAs regulate pancreatic cancer progression and drug resistance

Pancreatic cancer (PC) has the seventh highest mortality rate among all cancers. It is
particularly common in North America, Australia and Europe, and the incidence of PC
is higher in males than in females[118]. Several circRNAs have been found to be
involved in PC and may be used as therapeutic targets. For example, circBFAR (hsa-
circ-0009065) is upregulated in pancreatic ductal adenocarcinoma (PDAC), acting as a
miR-34b-5p sponge, and modulates the MET/PI3K/ Akt signaling pathway[119].
circFOXK2 is likewise upregulated in PDAC and promotes the expression of ANKI,
GDNF and PAX6 by acting as a sponge for miR-942, ultimately promoting the prolif-
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Table 4 circRNAs involved in esophageal cancer gene transcription regulation and drug resistance

Gene expression

Cancer type circRNA Mechanism Drug Ref.
Up Down
Esophageal cancer circUBAP2 T Acts as miR-422a sponge NR [108]
Esophageal cancer hsa-circ-0006948 T miR-490-3p to enhance HMGA2-induced EMT NR [109]
Esophageal cancer circ-0000654 T miR-149-5p/IL-6/STAT3 pathway NR [110]
Esophageal cancer circGSK3 T B-catenin signal passing NR [111]
Esophageal cancer circ-Foxo3 l miR-23a/PTEN pathway NR [112]
Esophageal cancer circPVT1 T Acts as miR-4663 sponge NR [113]
Esophageal cancer ciRS-7 T Acts as a miR-876-5p sponge Rapamycin [114,115]
Esophageal cancer circRNA-001275 T Acts as a miR-370-3p sponge Cisplatin [117]

NR: Not reported; circRNA: Circular RNA.
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eration of tumor cells. In line with this, knockdown of circFOXK2 was conducive to the
inhibition of tumor progression[120]. circ-ADAM9 is highly expressed in PC. It
activates the ERK/VEGEF signaling pathway via miR-217[121]. circ-ASH2L is also
highly expressed in PDAC and acts as a sponge for miR-34a, promoting tumor cell
proliferation and tumor progression via regulation of Notchl in PDAC[122]. circ-
LDLRAD3 is also overexpressed in PC and regulates cell proliferation via the miR-137-
3p/PTN axis. It affects prognosis of PC and its knockdown inhibits the invasion of
tumor cells[123]. circ-0000977 is upregulated in PC and acts as an miR-153 sponge.
Knockdown of circ-0000977 conveys the limiting effect of HIF1A and ADAM10 on PC
cells under hypoxia[124]. hsa-circRNA-0007334 is upregulated in PDAC and competes
for binding with hsa-miR-144-3p[125]. Similarly as in EC, high expression of ciRS-7
promotes PDAC development via acting as an miR-7 sponge and regulating the
EGFR/STATS3 signaling pathway. Knockdown of ciRS-7 inhibits the proliferation and
invasion of tumor cells[126]. circ-0030235 is upregulated in PDAC and acts as a sponge
for miR-1253 and miR-1294. Its expression is a poor prognostic indicator in PDAC
[127]. circZMYM?2 is also upregulated in PC. It acts as a miR-335-5p sponge and
regulates the downstream oncogene JMJD2C. Knockdown of circZMYM2 is conducive
for the inhibition of tumor growth[128]. circ-0007534 is upregulated in PDAC and acts
as a sponge for miR-625 and miR-892b, increasing the proliferation and invasion of
tumor cells[129]. circ-IARS is upregulated in PDAC, absorbs miR-122 as a sponge, and
increases RhoA activity and F-actin expression, reduces ZO-1 expression, and
promotes tumors by enhancing endothelial cell monolayer permeability, invasion and
metastasis[130]. Moreover, circ-PDESA is upregulated in PDAC and acts as a sponge
for miR-338, regulating MACCI expression and promoting the growth of tumor cells
via the MACC/MET/ERK or AKT signaling pathways[131].

Gemcitabine is an important drug for the treatment of advanced PC. A study
showed 68 upregulated and 58 downregulated circRNAs in gemcitabine-treated
PANC-1 cells of which two were significantly upregulated (chr14: 10140210
191014644448+, chr4: 52729603-52780244+)[132]. circHIPKS3 is highly expressed in PC
and promotes gemcitabine resistance in PC cells by acting as a miR-330-5p sponge and
targeting RASSF1[133].

Overall, circRNAs carry out important roles in tumors. Following further studies,
they are expected to serve as new therapeutic targets and biomarkers for tumor
diagnosis in the future[134] (Table 5).

circRNAs PARTICIPATE IN DRUG RESISTANCE

Following chemotherapy, cancers may relapse, and many patients gradually develop
resistance to several anticancer drugs. In the present study, we have summarized
findings that report that circRNAs may inhibit or promote tumor growth and
migration by acting as miR sponges or other pathways in vitro and in vivo. circRNAs
may play the role of vectors in drug resistance due to their unique structure,
promoting an inhibitory effect of drugs on tumor cells. Drug resistance of tumor cells
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Table 5 circRNAs involved in pancreatic cancer gene transcription regulation and drug resistance

Gene expression

Cancer type circRNA Mechanism Drug Ref.
Up Down
Pancreatic cancer  circBFAR T Acts as a miR-34b-5p sponge NR [119]
Pancreatic cancer  circFOXK2 T Acts as miR-942 sponge NR [120]
Pancreatic cancer  circ-ADAM9 T Activate ERK/VEGEF signaling pathway through miR-217 NR [121]
Pancreatic cancer  circ-ASH2L i Acts as a sponge for miR-34a NR [122]
Pancreatic cancer  circ-LDLRAD3 1 Adjustable via miR-137-3p/PTN axis NR [123]
Pancreatic cancer  circ-0000977 T Acts as a sponge for miR-153 NR [124]
Pancreatic cancer  hsa-circRNA-0007334 1 Competitive binding through hsa-miR-144-3p NR [125]
pancreatic cancer ~ ciRS-7 T Acts as miR-7 sponge NR [126]
Pancreatic cancer  circ-0030235 T Acts as miR-1253 and miR-1294 sponge NR [127]
Pancreatic cancer  circZMYM2 T Acts as a miR-335-5p sponge NR [128]
Pancreatic cancer  circ-0007534 1 Acts as miR-625, miR-892b sponge NR [129]
Pancreatic cancer  circ-IARS T Acts as miR-122 sponge NR [130]
Pancreatic cancer  circ-PDESA T As a sponge of miR-338 to regulate MACC1 NR [131]
Pancreatic cancer  circHIPK3 T Acts as a miR-330-5p sponge Gemcitabine  [133]

NR: Not reported; circRNA: Circular RNA.
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is associated with many factors and the underlying mechanisms are complex.
Resistance mechanisms conveyed by circRNAs may be related to glycolysis, ATP
levels, or other factors. With regard to the preliminary results of studies on drug
resistance, several mechanisms and pathways have been reported to be involved in the
regulation of drug resistance by circRNAs in esophageal, pancreatic, colon, liver and
gastric cancer. Although further exploring the mechanisms may enable the
development of preventive mechanisms against drug resistance among cancer cells,

there is still a long way to go for understanding circRNAs and tumor drug resistance
(Figure 3).

CONCLUSION

There is currently a lack of monitoring methods and treatment tools for the
development of gastrointestinal tumors and the occurrence of drug resistance. The
pathogenesis of gastrointestinal tumors is diverse, including many unstable factors
such as DNA damage repair, genome instability and mutations, gene transcription
regulation, chromosome modifications, inflammation, tobacco and alcohol, obesity,
and autoimmunity. circRNAs exert rich biological functions and play an important
role in gastrointestinal tumors. This article discusses the mechanisms of tumor
development and drug resistance of gastrointestinal tumors related to circRNAs.
While the exact mechanisms of involvement of circRNAs have not been fully
elucidated, their important roles in various tumors as observed in initial studies have
attracted a lot of attention and have huge potential for future clinical approaches. With
advances in biotechnology, new applications such as genetic testing, polymerase chain
reaction, high-throughput sequencing, and in-depth research in gastrointestinal
tumors, it is expected that circRNAs could be developed into diagnostics or
therapeutic targets for the treatment of gastrointestinal tumors. In case circRNAs can
become a mass-produced product due to technological innovation, they could be used
for clinical treatment. Noninvasive detection distinguishing malignant and benign
tumors may also be enabled via biotechnological advances. Other options could
include the development of new prognosis indicators for patients and monitoring of
drug sensitivity, all aimed to ultimately extend patient life and disease-free survival.
Based on the presented literature, there is hope that circRNAs may become an effective
therapeutic target for cancer treatment in the future.
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Figure 3 Circular RNAs have a regulatory effect on gastrointestinal tumors via signaling molecules, and have been shown to influence
drug resistance in gastric, liver, intestinal, esophageal, and pancreatic cancer.
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