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Abstract. Gastrointestinal cancer is frequently detected at an
advanced stage and has an undesirable prognosis due to the
absence of efficient and precise biomarkers and therapeutic
targets. Exosomes are small, living-cell-derived vesicles that
serve a critical role in facilitating intercellular communication
by transporting molecules from donor cells to receiver cells.
circular RNAs (circRNAs) are mis-expressed in a variety of
diseases, including gastrointestinal cancer, and are promising
as diagnostic biomarkers and tumor therapeutic targets for
gastrointestinal cancer. The main features of exosomes and
circRNAs are discussed in the present review, along with
research on the biological function of exosomal circRNAs in
the development and progression of gastrointestinal cancer.
It also assesses the advantages and disadvantages of imple-
menting these findings in clinical applications.
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1. Introduction

Gastrointestinal cancer is among the most prevalent and
predominant malignancies globally, consisting mainly
of gastric cancer (GC) and colorectal cancer (CRC),
accounting for 26% of the global cancer incidence and 35%
of all cancer-associated mortalities in 2018 (1). At least ~1/3
(30-35%) of cases of gastrointestinal cancer are associated
with imbalanced diet and lack of exercise; ~1/4 (20-30%) are
associated with tobacco products; and ~1/5 (15-20%) are trig-
gered by infectious agents (2).

Currently, fiberoptic gastroscopy and biopsy are the
major invasive techniques used to diagnose gastrointestinal
cancer (3). Not only can the diagnostic methods of gastrointes-
tinal cancer be harmful, the diagnosis period of this disease is
also mostly diagnosed at an advanced stage, which seriously
affects the survival and prognosis of patients (3,4). The treat-
ment of gastrointestinal cancer, which mostly involves the
removal of the primary cancer tumor or the administration
of medications such as cetuximab, paclitaxel and sorafenib,
has likewise seen slow development in research (5). However,
patients with surgically treated gastrointestinal cancer have
some complications and a high recurrence rate, and patients
treated with drugs will also develop a certain degree of drug
resistance (5,6). Therefore, research into safer and more effec-
tive diagnostic and treatment approaches is urgently needed.
Recent studies have found that targeted therapies are effective
in treating certain types of cancers (7,8). In order to increase
the survival rate of patients with gastrointestinal cancer, it is
crucial to research innovative targeted molecules related to
this illness.

Immune cells, stromal cells, extracellular matrix,
substances released by cells (such growth factors and extra-
cellular vesicles), lymphatic arteries, vascular networks
and extracellular vesicles frequently exist in the tumor
microenvironment (9). These elements interact in the tumor
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microenvironment to control the emergence, growth and metas-
tasis of malignancies (9,10). Exosomes are small membranous
vesicles that are produced when internal multivesicular bodies
fuse with the cell membrane and are deposited in the extracel-
lular matrix (11,12). A growing number of studies in recent
years have revealed that exosomes can not only receive a wide
range of neurotransmission and endocrine signaling, but also
serve as a signaling platform for intercellular communication
and coordinate various autocrine and paracrine functions,
thereby influencing the microenvironment and development
of tumors (13,14).

In addition to proteins, mRNAs, microRNAs
(miRNAs/miRs) and circular RNAs (circRNAs) are also
important components of exosomes (15). CircRNAs are abnor-
mally expressed in cancer cells, as evidenced by the growing
body of research, which has an impact on processes including
cancer growth and treatment resistance (16,17). CircRNAs are
stabler compared with other RNAs and vary from conventional
linear RNAs in that they have a covalent closed-loop struc-
ture (18). Exosomal circRNAs have been shown to be useful
as biomarkers for gastrointestinal cancer diagnosis, prognosis
and treatment targets in a number of investigations (19,20).
For example, Xing et al confirm that hsa_circ_0004831 is
highly expressed in blood extracellular vesicles in patients
with CRC. The results of this bioinformatics analysis identi-
fied miRNAs involved in the regulation of this circRNA, such
as hsa-miR-4326, which may be related to the development of
CRC (21).

The major traits and purposes of exosomes and circRNAs
are reviewed in the present study, along with the biological
significance and putative molecular pathways of exosomal
circRNAs in the development of gastrointestinal cancer.
Additionally, the present study provides an overview of the
prospects and problems in this area and highlights novel
developments in exosomal circRNAs as potential diagnostic
biomarkers and therapeutic targets for gastrointestinal cancer.

2. Exosomes and circRNAs

Biogenesis, characteristics and functions of exosomes.
Exosomes are a type of extracellular vesicle (EVs), while
ectosomes are the other type (22). Compared with ectosomes,
the biological origin and particle diameter of exosomes are
different. After forming an outward bud, ectosomes sever
the surface of the plasma membrane, and their diameters range
from 50 nm to 1 mm (23). However, exosomes are nanoscale
vesicles originating from endosomes with diameters of
40-160 nm (average, ~100 nm) (23). All cells secrete exosomes
in normal and pathological conditions, which maintain cell
homeostasis and mediate intercellular communication (24).
Exosomes contain numerous cellular components, including
nucleic acids, amino acids, lipids, glycans, metabolites, cyto-
plasm and cell surface proteins (24). In exosomes from distinct
cell types, 9,769 proteins, 3,408 mRNAs, 2,838 miRNAs and
1,116 lipids have so far been discovered (25). Exosomes have
been the subject of an increasing number of research in recent
years due to their potential use as non-invasive liquid biopsy
instruments for the detection and treatment of a variety of
disorders as well as their potential for usage in prescription
drugs (23,26).

Exosomes were discovered for the first time in sheep
reticulocytes by Pan and Johnstone in 1983 (27). Initially
considered as cellular debris, exosomes were later found to
have independent structures (27). The occurrence of exosomes
starts from the vesicles on the cell membrane, which turn
inward to form exosomes, and the cytoplasmic membrane
invaginates to enclose some specific extracellular biological
macromolecules and cell membrane proteins to form intracel-
lIular multivesicular bodies (MVBs) (28). After the formation
of MVBs, cells may fuse with autophagosomes or lysosomes,
during which the previously encapsulated substances may
be degraded or released through the fusion of the endo-
some with the plasma membrane to form exosomes (29). At
present, several possibilities have been suggested for cargo
sorting into exosomes, but the specific mechanism remains
unclear (30). Exosome release and biomolecule packing into
exosomes are reportedly regulated by the endosomal sorting
complex required for transport (ESCRT) pathway, and ESCRT
proteins import ubiquitin proteins into MVBs (30). A total of
five protein-protein complexes make up the ESCRT system:
i) ESCRT-0; ii) ESCRT-I; iii) ESCRT-II; iv) ESCRT-III; and
v) Vps4-Vtal (31). In summary, ESCRT-0 gathers ubiquitinated
cargo to start the process; protein complexes in a saddle shape
are created when the ESCRT-I and ESCRT-II complexes bind
cargo; the ESCRT-III complex promotes vesicle contraction
and maturation; and Vps4-Vtal promotes membrane frac-
ture (32). In addition, some ESCRT-independent pathways also
play important roles in exosome genesis. Lipid rafts, such as
flotillins and caveolins, play a key role in ESCRT-independent
intraluminal vesicles formation (33,34). Exosome production
has also been linked to flotillin, caveolin-1, cholesterol and
tetraspanins (Fig. 1) (35-38).

As aforementioned, exosomes were initially considered
waste products excreted by cells. However, exosomes can
control the proliferation, migration and invasion of tumor
cells by information transfer, as more and more studies have
demonstrated (39,40). For instance, He er al revealed that
pancreatic cancer cells release exosomes that are abundant
in FGDS5 antisense RNA 1, which facilitates the evolution of
pancreatic cancer by way of tumor-associated alternatively
activated (M2) macrophage polarization (41). Exosomes
have also been revealed to modulate immune responses (42).
According to Yang et al, exosomal hsa_circ_0085361 is abnor-
mally expressed in bladder cancer tissues and controls T cell
depletion by influencing downstream miRNAs (43). Exosomes
can also be crucial in a number of biological processes of the
neurological system (44). According to studies, damaging
proteins such [ amyloid peptide, superoxide dismutase and o
synuclein are present in the exosomes of the central nervous
system and help advance disorders (44-47). For example,
studies have found that a synuclein, which is secreted by cells
through exosomal calcium-dependent mechanisms, helps
amplify and spread Parkinson's disease-related pathology (47).
Exosomes also contribute to the development of metabolic and
other disorders, such as cardiovascular ailments (23). Notably,
there are several potential uses for exosomes in the treat-
ment, identification and assessment of tumors. According to
Xu et al, the exosome-related gene fibroblast growth factor 9
can be downregulated and exploited as a novel diagnostic and
prognostic target for ovarian cancer (48). Because a number of
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Figure 1. Biogenesis of exosomes. Exosomes are derived from the fusion of MVBs. Exosomes can transport nucleic acids, proteins and lipids to recipient cells
from doner cells to recipient cells mainly through receptor-ligand interaction, membrane fusion and endocytosis. By Figdraw (https://www.figdraw.com/#/).
MVB, multivesicular body; circRNA, circular RNA; IncRNA, long non-coding RNA; miRNA, microRNA; ESCRT, endosomal sorting complex required for

transport.

components of exosomes are related to diseases, research on
exosomes has increased (49,50).

Properties and functions of circRNAs. CircRNAs are closed
circular RNA molecules found in a variety of specimen types,
including bone marrow cells, platelets, white blood cells and
red blood cells (51). Unlike conventional linear RNA, circRNA
backsplicing joins the upstream 3' splice acceptor site and the
downstream 5' splice donor site to create a single-stranded
covalent closed loop (52). Circular RNA is more durable
compared with linear RNA and resistant to exonuclease disin-
tegration because it lacks the 5' and 3' ends (52). According
to the various genome constituent sequences, circRNAs can
be divided into three different categories: Exonic circular
RNAs, intronic circular RNAs (ciRNAs) and exon-intron
circular RNAs (EIciRNAs) (Fig. 2) (53). The majority of them
are present in the nucleus, including ciRNAs and EIciRNAs;
however, there are few miRNA targets for ciRNAs (53,54).
Due to its distinctive structure, circRNAs have a wide
range of biological roles and are crucial in numerous illnesses,
according to recent studies (55,56). CircRNAs can control
gene expression by interacting with miRNAs, as a number of
studies have demonstrated (57,58). For example, Huang et al
has revealed that hsa_circ_104348 can regulate the expres-
sion of miR-187-3p, thereby affecting the progression of

hepatocellular carcinoma (59). The exonic region of RNase P
RNA component H27 is the source of circRNA-002178, which
has been shown to be overexpressed in esophageal cancer
cells (60). CircRNA-002178 can act as a sponge for miR-34a
and miR-28-5p to reduce their inhibitory effects on their target
genes PDL1 and PDI in cancer cells and CD8 T cells (60,61).
Circular RNAs can also function by attaching to RNA-binding
proteins. A new circRNA has been identified by Chen er al
in the friend leukemia virus integration 1 promoter, and it is
reported to encourage breast cancer spread by controlling the
enzymes methylcytosine dioxygenase TET1 and DNA methyl
transferase (62). Due to the absence of the 5' cap, it has also
been proposed that circRNAs translate in a cap-independent
manner (54,63).

At present, the following circRNAs that can be trans-
lated into proteins have been studied: circ-AKT3 (64),
circSHPRH (65) and circ-ZNF609 (66). For example,
circ-AKT3 is expressed at a lower level in glioblastoma
tissue compared with normal brain tissue, and it can encode
AKT3-174aa (64). The tumorigenicity of glioblastoma can
be affected by influencing the expression of circ-AKT3 and
AKT3-174aa (64). As circRNA research advances, these types
of molecules may be employed as tumor diagnostic markers.
For example, Lu et al demonstrated that hsa_circ_0001789 is
underexpressed in GC tissues and plasma, with an area under
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Figure 2. Biogenesis and function of circRNAs. CircRNAs are generated by a back-splicing process that ligates a downstream 5' splice donor site with an
upstream 3' splice acceptor site to form a single-strand covalently closed loop. Then, the spliceosome removes all or part of introns and the rest of sequences
are connected, generating three types of circRNAs: ECRNAs, EIciRNAs and CiRNAs. CircRNAs have numerous functions, such as binding to miRNAs
and RBPs, regulating transcription, promoting protein translation and being packaged into exosomes to come into play. By Figdraw (https:/www.figdraw.
com/#/). circRNA, circular RNA; ECRNAs, exonic circular RNAs; ciRNAs, intronic circular RNAs; EIciRNAs, exon-intron circular RNAs; Pol, polymerase;
snRNP, small nuclear ribonucleoproteins; miRNA, microRNA; RBPs, RNA binding proteins. A, CircRNAs bind to miRNAs; B, CircRNAs bind to RBPs; C,
CircRNAs promote transcription; D, CircRNAs promote protein translation; E, CircRNAs are packaged into exosomes.

receiver operating curve (AUC) of 0.82; this circRNA may
become a novel diagnostic biomarker for GC, and its efficacy
is better compared with that of traditional tumor markers (67).
According to a previous study, the hepatocellular carcinoma
diagnostic biomarkers hsa_circ_0004001, hsa_circ_0004123,
hsa_circ_0075792 and the combination of the three exhibit
greater sensitivity and specificity compared with the three
circRNAs separately (68).

circRNAs in

3. Biological functions of exosomal

gastrointestinal cancer

Role of exosomal circRNAs in gastrointestinal cancer.
According to previous studies, circRNAs influence various
biological processes, are persistent and are concentrated in
exosomes (69,70). Exosomal circPRRX1, as the competing
endogenous RNA of miR-596, has been revealed to promote
the proliferation, migration and invasion of GC cells, and
decreases their radiation sensitivity through the upregulation of
NF-«kB-activated protein (71). Since a number of cell types can
receive exosomes, exosomes can act as messengers in intercel-
lular communication (72). In the occurrence and development
of tumors, circRNA can be packaged into exosomes and sent
to receptor cells to play a certain role, affecting the tumor
microenvironment and thus influencing the progression of the

disease (73). As shown in Fig. 1, exosomes transfer circRNAs
into recipient cells mainly via three processes: Receptor-ligand
interaction, membrane fusion and endocytosis (23). However,
the specific mechanism of selective packaging of circRNAs
into exosomes is still unclear. According to Yang et al, the
exosome circ-133 produced by hypoxia cells is substantially
expressed in the plasma of CRC patients and can be trans-
ferred to healthy cells to advance the disease (74). Notably,
numerous other studies have found a connection between
exosomes and the removal of intracellular circRNAs (75,76).
For example, it has been revealed that exosomes can be further
eliminated by the reticuloendothelial system or produced by
the kidney and liver (75). Moreover, previous research has
revealed that, compared with healthy cells, CRC cells can
actively release more circ-rho-related BTB domain-containing
3 (circRHOBTB3) to sustain colorectal cancer cell fitness (76).
In another study, Chen et al demonstrated that circRHOBTB3
inhibits the progression of CRC by regulating intracellular
reactive oxygen species and metabolic pathways (76). In addi-
tion, this study advanced a novel theory of tumor escape known
as ‘the tumor exosome escape mechanism’, which postulates
that tumor cells secrete tumor inhibitory circRNAs in order to
maintain the fitness of cancer cells. The mechanism of tumor
exosome escape is of great significance for understanding
and treating cancer (76). Furthermore, the expression levels
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of circRNA in some patients with tumors are significantly
different compared with that of the healthy population, such
as hsa_circ_001783 and circRNA_102231, and because of its
strong stability, long half-life and anti-degradation, circRNA
can be used as a tumor diagnosis and molecular marker (77,78).
Exosomal circRNAs have been implicated in the emer-
gence and progression of gastrointestinal cancer in a growing
number of studies over the past several years (79,80). By
binding to miRNA, receptor proteins, or other regulatory
mechanisms, exosomal circRNAs influence tumor growth,
metastasis, stemness, angiogenesis, the immunological micro-
environment and treatment resistance (Fig. 3 and Table I).

Roles of exosomal circRNAs in gastrointestinal tumor
proliferation, metastasis, stemness and angiogenesis.
Exosomal circRNAs have been shown to control the micro-
environment and surrounding tissue cells, which has been
demonstrated to have an impact on how gastrointestinal cancer
progresses (81). It has been reported that exosomal circRNAs
promote the occurrence and development of gastrointestinal
cancer by affecting tumor proliferation, metastasis, stemness
and angiogenesis (81). Sang er al demonstrated that circRNA
RELLI1 is significantly downregulated in GC tissues and trans-
mitted by exosomes (82). CircRELLI1 inhibits GC progression
through the miR-637/ephrin type-B receptor 3 axis, which
may be a novel diagnostic marker and therapeutic target
for GC (82). Yu et al revealed that circRNA NIMA-related
kinase 9 accelerates GC progression by targeting the
miR-409-3p/microtubule associated protein 7 axis, which

can be reflected in malignant behaviors such as migration
and invasion (83). A possible therapeutic target for CRC has
been identified in research as the cancer-derived exosomal
hsa_circRNA_001046, which plays an oncogenic role in
the progression of the disease (84). According to Gao et al,
circRNA component of oligomeric Golgi complex 2 (COG2)
may be transported from cancer cells with a high metastatic
potential to cancer cells with a low metastatic potential via
exosomes (85). circCOG2 has been demonstrated to be
enhanced in CRC tissue and plasma exosomes. By control-
ling downstream miRNA and associated proteins, circCOG2
aids in the development of the malignant phenotype of CRC.
According to this, circCOG2 may be both a therapeutic target
and a predictive factor for CRC (85).

In addition, there is growing evidence that exosomes
released by various living cells promote the metastasis of
gastrointestinal cancer by delivering circRNAs (86,87). For
example, circ-RanGAP1 is found in plasma exosomes from
preoperative patients with GC, according to the research of
Lu er al (86). In addition, the ability of GC cells to migrate and
invade is improved by the plasma exosomes that were obtained
from these individuals. This research raises the possibility that
circ-RanGAPI might serve as a predictive biomarker and a
therapeutic target for the treatment of GC (86). Hui er al
demonstrated that circNHSL1 knockdown represses migra-
tion, invasion and glutaminolysis and inhibits tumor growth
by downregulating the miR-149-5p/tyrosine 3-monooxygenase
axis in GC, implying an underlying therapy target for GC
treatment (87). Shen et al also revealed that hsa_circ_0000437
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Table I. Function and mechanism of exosomal circRNAs in gastrointestinal cancer.

Cancer
type CircRNA CircBase ID Function Mechanism (Refs.)
GC CircRELL1 Hsa_circ_0001400 Modulating progression ~ MiRNA sponge for miR-637 (82)
GC CircNEK9 Hsa_circ_0032683 Accelerating the Regulating miR-409-3p/ (83)
progression MAPT7 axis
CRC Hsa_circRNA_001046 Hsa_circ_0000395 Promoting the Elevating MYHO expression (84)
progression by sequestering miR-432-5p
CRC CircCOG2 Hsa_circ_0016866 Promoting the Regulating miR-1305/TGF-2/ (85)
progression SMAD3 pathway
GC Circ-RanGAP1 Hsa_circ_0063526 Facilitate invasion and MiRNA sponge for miR-877-3p (86)
metastasis to regulate VEGFA expression
GC CircNHSL1 Hsa_circ_0006835 Impeded migration, Regulating miR-149-5p/ &7
invasion, and YWHAZ axis
glutaminolysis
GC Hsa_circ_0000437 Hsa_circ_0000437 Regulating proliferation,  Targeting SRSF3 and inhibiting (88)
invasion, migration and PDCD4
apoptosis
CRC CircLONP2 Hsa_circ_0008558 Enhancing invasion and Modulating the maturation and (89)
metastasis exosomal dissemination of
miRNA-17
CRC CircTUBGCP4 Hsa_circ_0101501 Promoting vascular Activating Akt signaling pathway  (90)
endothelial cell tipping
and tumor metastasis
CRC Circ_FMN2 Hsa_circ_0005100 Regulating the Regulating miR-338-3p/MSI1 on
proliferation, metastasis ~ axis
and apoptosis
GC Circ670 Hsa_circ_0000670 Promoting the Inducing the expression of (95)
spheroidizing ability, circ670
stemness genes
expression and EMT
CRC CircCOL1A2 Hsa_circ_0081069 Inhibiting proliferation, Regulating miR-665/LASP1 (96)
migration, invasion and signal axis
EMT
CRC Circ-ABCC1 Hsa_circ_0000677 Regulating stemness and  Carrying circ-ABCCI1 by 97)
metastasis exosomes from CD133 cells
GC Circ_0001190 Hsa_circ_0001190 Inhibiting proliferation Regulating miR-586/ (98)
and angiogenesis SOSTDCI1 axis
CRC CircFNDC3B Hsa_circ_0006156 Regulating growth, Sequestrating miR-937-5p to 99)
metastasis and derepress TIMP3
angiogenesis
GC Hsa_circ_0017252 Hsa_circ_0017252 Attenuating progression  Suppressing macrophage M2- (100)
like polarization
CRC CircPACRGL Has_circ_0069313 Promoting differentiation Regulating miR-142-3p/miR- (101)
of N1 to N2 neutrophils ~ 506-3p-TGF-p1 axis
GC Circ_0008253 Hsa_circ_0008253 Enhancing OXA Transferring from tumor- (103)
resistance associated macrophage to
gastric carcinoma cells
GC Circ_0091741 Hsa_circ_0091741 Promoting cell autophagy Regulating miR-330-3p/TRIM14/ (104)
and chemoresistance DvI2/Wnt/p-catenin axis
GC Circ_0063526 Hsa_circ_0063526 Enhancing cisplatin Regulating the miR-449a/ (105)
resistance SHMT?2 axis
GC Circ-PVT]1 Has_circ_0009143 Enhancing cisplatin Regulating miR-30a-5p/YAP1 (106)

resistance

axis
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Table I. Continued.

Cancer

type CircRNA CircBase ID Function Mechanism (Refs.)

CRC CircATG4B Hsa_circ_0007159 Inducing oxaliplatin Promoting autophagy (107)
Resistance

CRC Circ_0006174  Hsa_circ_0006174  Contributing to the Depending on the miR-1205/ (108)
chemoresistance of CCND?2 axis
doxorubicin

CRC CiRS-122 Hsa_circ_0005963 Inducing chemoresistance ~ Regulating miR-122-PKM2 axis (109)

CRC Circ_0000338 Hsa_circ_0000338  Enhancing 5-fluorouracil Regulating miR-217 and (110)

resistance

miR-485-3p

GC, gastric cancer; CRC, colorectal cancer; circRNA, circular RNA; MAP7, microtubule-associated protein 7; MYH9, myosin heavy chain
9; TGF-f, transforming growth factor beta; SMAD3, recombinant SMAD family member 3; VEGFA, vascular endothelial growth factor A;
YWHAZ, tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation protein zeta; SRSF3, ser/arg-rich splicing factor 3; PDCD4,
programmed cell death 4; Akt, protein kinase B; MSI1, musashi-1; EMT, epithelial-mesenchymal transition; LASP1, LIM and SH3 protein
1; SOSTDCI, sclerostin domain containing 1; TIMP3, tissue inhibitor of metalloproteinase 3; OXA, oxaliplatin; TRIM14, tripartite motif
containing 14; DVL2, disheveled segment polarity protein 2; SHMT?2, serine hydroxymethyltransferase 2; YAPI1, yes-associated protein 1;

CCND2, cyclin D2; PKM2, The M2 isoform of pyruvate kinase.

regulates malignant behaviors such as migration of human
lymphatic endothelial cells by targeting serine and arginine
rich splicing factor 3 and inhibiting programmed cell death
factor 4, as well as lymph node metastasis (LNM) in the
popliteal LNM model (88). In CRC, circLONP?2 is abnormally
highly expressed in metastatic primary CRC tissues and can
be transferred between cells by regulating miR-17 (89). This
study suggests that circLONP2 may be a potential anti-meta-
static therapeutic target for CRC (89). The findings of Chen et al
determine that CRC cells are rich in exosomal circTUBGCP4,
which promotes CRC metastasis through upregulation of
pyruvate dehydrogenase kinase 2 (90). Additionally, Yu et al
revealed that the exosomal circ_ FMN?2 is abundant in CRC
cells and that its overexpression can encourage the spread of
CRC cells and the development of colorectal tumors (91).

The incidence, invasion, metastasis and treatment
resistance of gastrointestinal cancer are all assumed to be
influenced by epithelial-mesenchymal transition (EMT), a
fundamental cellular process (92). CircRNAs are crucial to
EMT in gastrointestinal cancer (93,94). Exosomal circ670
from the tissues of patients with GC has been demonstrated
to alter the EMT process of GC stem cells, hence boosting the
growth of GC, according to a previous study (95). According
to Miao et al, exosomal circRNA collagen type I a 2 chain
(circCOL1A2) is significantly expressed in CRC cells, and
miR-665 can impact EMT and other cellular properties when
combined with circCOL1A2 or LIM and SH3 Protein 1 (96).
Moreover, this study indicated that circCOL1A?2 is a potential
novel therapeutic target for CRC (96).

Additionally, it has been shown that a number of exosomal
circRNAs are associated with the stemness and angiogenesis of
gastrointestinal tumor cells (97). Zhao er al demonstrated that
the exosomes of CD133 cells are rich in hsa_circ_0000677,
which can mediate the stemness of CRC cells and promote
the progression of CRC, and is expected to become a potential
therapeutic target for this cancer (97). Liu et al also revealed

that the expression of circ_0001190 in the exosome source of
GC is low, and overexpression of circ_0001190 can inhibit the
angiogenesis ability of cells, thus inhibiting the development
of GC (98). Additionally, Zeng et al demonstrated that circF-
NDC3B has a low expression level in CRC tissues and cells
and that it has the ability to stop the growth of the disease by
preventing the angiogenic features of the disease (99). These
studies indicate that exosomal circRNAs can promote or
inhibit the progression of gastrointestinal cancer.

Role of exosomal circRNAs in the gastrointestinal tumor
immune microenvironment. Exosomal circRNAs can affect the
function of immune cells in the tumor microenvironment and
then affect the occurrence and development of gastrointestinal
cancer. For instance, exosomal hsa_circ_0017252 secreted
by GC cells slows the growth of the disease by inhibiting
M2-like polarization of macrophages (100). Exosome-derived
circPACRGL is significantly expressed in CRC cells. By
controlling downstream miRNAs, circPACRGL promotes
the malignant activity of CRC cells and the differentiation
of N1 to N2 neutrophils. To the best of our knowledge, this
research is the first to demonstrate that exosomal circPACRGL
contributes to CRC carcinogenesis and may have promise
as a biomarker (101). These findings suggest that exosomal
circRNAs can affect the progression of gastrointestinal cancer
through immune cells.

Enhanced roles of exosomal circRNAs in drug resistance of
gastrointestinal cancer. It has been revealed that circRNAs
cannot only affect the progression of gastrointestinal cancer,
but also participate in their chemoresistance (102). A number
of circRNAs have a role in drug resistance in GC, such as circ
0008253 and circ_0091741 (103,104). According to a recent
study, circ 0008253 is abundant in M2-polarized exosomes
that are produced by macrophages and can be delivered to GC
cells via exosomes to increase their resistance to oxaliplatin
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GC
Upregulation:
Hsa_circ_0015286
CircFCHO2 CRC
Circ29 Upregulation:
Downregulation: >/< CircNRIP1
CircRNA CDR1as & _Circ-PNN
Hsa_circ_0000419 r CircGAPVD1
CircDIDO1 CircPABPCA1
CircSTAU2 Hsa_circ_0005615

Figure 4. Exosomal circRNAs as new biomarkers and potential therapeutic
targets of gastrointestinal cancer. By Figdraw (https://www.figdraw.com/#/).
GC, gastric cancer; CRC, colorectal cancer; circRNA, circular RNA.

(OXA) (103). Chen et al also demonstrated that the exosomal
circ_0091741 derived from GC cells increases the expression
of tripartite motif containing 14, thereby enhancing OXA resis-
tance (104). In addition, circ_0063526 is highly expressed in GC
tissues and cells, and cisplatin resistance is enhanced by regu-
lating the expression of serine hydroxymethyltransferase 2 (105).
Moreover, exosome-derived circ-PVT1 is underexpressed in GC
cells and serum, and contributes to DDP resistance by regulating
miR-30a-5p; therefore, Exosomal circ-PVT1 may be a potential
therapeutic target for GC (106). In CRC, a novel support for a
possible therapeutic target for oxaliplatin resistance is provided
by the exosomal circATG4B, which contributes to the lower
chemosensitivity of CRC cells (107). Zhang et al revealed
that circ_0006174 is upregulated in exosomes of doxorubicin
(DOX)-resistant CRC cells and can enhance their resistance
through the intercellular transfer of exosomes (108). Another
study has revealed that hsa_circ_0005963 can be transferred
from chemotherapy-resistant CRC cells to sensitive cells via
exosomes, enhancing drug resistance in sensitive cells (109).
A study suggests that hsa_circ_0005963 may be a potential
therapeutic target for drug-resistant CRC (109). Moreover,
Zhao et al revealed that miR-217 and miR-485-3p are controlled
by exosome-mediated circ_0000338 transfer, which increases
3-fluorouracil resistance in CRC (110). These results suggest that
exosomal circRNAs can enhance the resistance of oxaliplatin,
3-fluorouracil, cisplatin and DOX in gastrointestinal cancer. The
application of antitumor drugs and specific circRNA inhibitors
can improve the therapeutic effect of gastrointestinal tumors.

4. Exosomal circRNAs as potential biomarkers of
gastrointestinal cancer

Because most of the early symptoms of gastrointestinal
cancer are not obvious, early detection and diagnosis are chal-
lenging, and most patients are at an advanced stage when they
have obvious symptoms, and their survival rate is low (111).
Therefore, the search for new biomarkers for gastrointestinal
cancer is crucial. Exosomes exist stably in body fluids and
can act as messengers between cells, which are considered as
promising biomarkers (Fig. 4 and Table II) (112,113). CircRNAs
have been found to be stable and abundant in exosomes, making
it simple to detect their levels (114,115). In addition, circRNAs
can be specifically and differentially expressed across tissues

and body fluids under various pathological conditions, so
circRNAs can be used as a novel biomarker for a number of
diseases (116,117). A previous study has shown that the circu-
lating levels of exosomal circRNAs can not only predict tumor
progression, but also serve as potential diagnostic biomarkers.
Zheng et al demonstrated that hsa_circ_0015286 is significantly
highly expressed in GC cells, tissues and plasma compared
with normal controls and the AUC is 0.778, which is higher
compared with the AUC of traditional tumor markers CA 19-9
and CEA (118). In addition, the AUC can be as high as 0.843
when the three indicators are combined. This study shows that
exosomal hsa_circ_0015286 can be used in combination with
traditional tumor markers CEA and CA 19-9 for high diagnostic
efficacy, and it can also be diagnosed alone (118). Li ef al exam-
ined the high expression of CDR1 antisense RNA (CDR1as) in
the plasma and exosomes of patients with GC, and heat shock
protein family E member 1 may be a key protein in the regulation
of miRNA by CDRIas (119). These authors evaluated the AUC
of tissue, plasma and exosomal derived CDR1as and revealed
that tissue-derived CDRI1as has the highest AUC of 0.782. The
AUC of plasma CDRlas combined with conventional tumor
markers is higher compared with that of tissue-derived CDR1as.
This study suggests that CDR1as may be a potential diagnostic
biomarker for GC (119). Tao et al showed that hsa_circ_0000419
is stably present in plasma exosomes and has low expression
in GC tissues and cells. It regulates the development of GC by
interacting with hsa-miR-589-3p and hsa-miR-141-5p. When
the critical value of hsa_circ_0000419 is 4.90, the specificity
and sensitivity of plasma hsa_circ_0000419 reaches 0.884 and
0.682, respectively (120).

Furthermore, there are differences in the expression
of exosomal circRNAs in CRC. Pan et al revealed that
exosome-derived hsa-circ-0004771 is lowly expressed in CRC
cells and tissues, but highly expressed in the serum of patients
with CRC (121). The authors suggest that hsa-circ-000477 may
bind to RNA-binding proteins and be transported to exosomes,
which may be a mechanism for circRNA clearance. In different
periods of CRC, the AUC of hsa-circ-000477 is >0.8, indicating
that hsa-circ-000477 can be used as a novel potential diagnostic
biomarker for CRC (121). According to Xie et al, circ-PNN is
considerably overexpressed and strongly correlated with the
prognosis of patients with CRC (122). The authors revealed that
circ-PNN level has high performance in being able to differen-
tiate patients with CRC from healthy controls; in addition, this
study further investigated the possible clinical importance of
serum exosomal circ-PNN. Circ-PNN might therefore be used
as a diagnostic biomarker for CRC (122). Li et al revealed that
circGAPVDI is highly expressed in the plasma exosomes of
CRC, with an AUC area of 0.7662 and diagnostic specificity
and sensitivity of 71.79 and 75.64%, respectively (123). These
results indicate that circGAPVDI is expected to be a diagnostic
marker for CRC (123). The aforementioned findings indicate
that exosomal circRNAs are expected to be a novel biomarker
for the prediction and diagnosis of gastrointestinal cancer.

5. Exosomal circRNAs as
gastrointestinal cancer

therapeutic targets of

Currently, the first-line treatment strategy for gastrointestinal
cancer is chemotherapy, but cancer cells may become resistant
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Table II. Diagnostic and therapeutic significance of exosomal circRNAs in gastrointestinal cancer.

Sensitivity
(%),
Cancer Potential specificity
type CircRNA CircBase ID Expression Source Case no. function AUC (%) (Refs.)
GC Hsa_circ_0015286 Hsa_circ_0015286 1 Plasma- 60 Diagnosis and 0.778 82.1,65.7 (118)
derived prognosis
EVs
GC CircRNA CDR1as - l Plasma- 65 Diagnosis and 0.786 - (119
derived prognosis
EVs
GC Hsa_circ_0000419 Hsa_circ_0000419 l Plasma- 96 Diagnosis and 0.840 68.2,884 (120)
derived prognosis
EVs
CRC CircNRIP1 Hsa_circ_0004771 1 Serum- 170  Diagnosis 0.816 814,743 (121)
derived
EVs
CRC  Circ-PNN Hsa_circ_0101802 1 Serum- 88 Diagnosis 0.855 89.8,739 (122)
derived
EVs
CRC CircGAPVDI1 Hsa_circ_0003270 1 Plasma- 78 Diagnosis 0.7662 75.6,71.7 (123)
derived
EVs
GC CircFCHO2 - 1 Serum- - Potential - - (126)
derived therapeutic
EVs target
GC Circ29 Hsa_circ_0044366 1 Plasma- - Potential - - (127)
derived therapeutic
EVs target
CRC CircPABPC1 Has-circ-0085159 ) Serum- 60 Potential - - (128)
derived therapeutic
EVs target
GC CircDIDO1 Hsa_circ_0061137 l Cell 17 Potential - - (130)
superna therapeutic
tant- target
derived
EVs
GC CircSTAU2 Hsa_circ_0001811 l Cell 56 Potential - - (131)
superna therapeutic
tant- target
derived
EVs
CRC  Hsa_circ_0005615 Hsa_circ_0005615 1 Serum- 70 Potential - - (132)
derived therapeutic
EVs target

GC, gastric cancer; CRC, colorectal cancer; circRNA, circular RNA; AUC, area under ROC curve; EV, extracellular vesicle; 1, upregulation;
|, downregulation.

to anticancer drugs or their targets. Finding novel treatment  cancer (124,125). Zhang et al revealed that circFCHO?2 is
strategies at the molecular level is therefore crucial. Increasing  highly expressed in serum exosomes of patients with GC (126).
evidence suggests that exosomal circRNAs are expected CircFCHO2 regulates the JAK1/STAT3 pathway by binding
to be promising therapeutic targets for gastrointestinal to miR-194-5p, which affects some malignant behaviors of
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GC cells; therefore, circFCHO2 may be a novel therapeutic
target and diagnostic biomarker for GC (126). Li et al also
demonstrated that exosomal-derived circ29 is substantially
expressed in GC, which influences the GC formation by
regulating the miR-29a/vascular endothelial growth factor
axis, and is anticipated to emerge as a novel tumor marker
and promising therapeutic target (127). In addition, Li et al
demonstrated that exosome-derived circPABPCI is highly
expressed in CRC tissues and exist in the cytoplasm (128).
CircPABPCI1 promotes CRC progression by promoting
the expression of important regulators of liver metastasis
in CRC such as a disintegrin and metalloproteinase 19 and
bone morphogenetic protein 4. Therefore, exosome-derived
circPABPCI1 is expected to be a novel biomarker and
anti-metastatic therapeutic target for CRC (128). These
circRNAs promote the malignant transformation of cancer
cells, and inhibition of these exosomal circRNAs may help
to suppress gastrointestinal cancers. In addition, it has been
reported that exosome-mediated circRNA delivery with
anti-tumor effects is considered to be an effective therapeutic
method (109,129). For example, the results of Guo et al show
that circDIDOLI inhibits GC progression by regulating the
miR-1307-3p/suppressor of cytokine signaling 2 axis (130).
Systemic administration of RGD-modified circDIDOI1-loaded
exosomes inhibits GC tumorigenicity and invasiveness in vitro
and in vivo, suggesting that RGD-Exo-circDIDOI can be
used as a viable nanofat for GC treatment (130). Zhang et al
demonstrated that exosome-delivered circSTAU2 can act as
a tumor suppressor and inhibit GC progression through the
miR-589/capping actin protein of muscle Z-line subunit a 1
axis, which indicates that circSTAU2 may be a potential thera-
peutic target for GC (131). Moreover, in CRC, it has been shown
that circ_0005615 from serum exosomes of patients with CRC
can modulate CRC malignant progression by controlling
fos-like antigen 2 expression through sponging miR-873-5p,
which reveals circ_0005615 as a new candidate target for CRC
treatment (132). In summary, the treatment of gastrointestinal
cancer mediated by exosomal circRNAs is still in its infancy,
and the specific mechanism and safety of this strategy need to
be further studied.

6. Challenges and perspectives

Exosomal circRNAs have a significant role in gastrointestinal
cancers, as research has revealed in recent years (133,134). It
has been demonstrated that circRNA has an impact on the
proliferation, metastasis, stemness, angiogenesis, immune
microenvironment and drug resistance of gastrointestinal
tumors, and may develop into a useful therapeutic target
for gastrointestinal malignancies as well as a potential
biomarker (135). Although more studies have focused on the
application of exosome-derived circRNAs in gastrointestinal
tumors, there are still a number of problems to be solved.
First of all, existing studies lack technologies for rapid
extraction and detection of exosomes and exosomal circRNAs.
Currently, ultracentrifugation, density gradient centrifugation,
ultrafiltration, immunoaffinity and polymer precipitation
are the major methods used to isolate exosomes (136-138).
Ultracentrifugation, the most commonly employed technique,
is time-consuming and inconvenient and can lead to the

destruction of exosomes. Exosomes obtained by ultracentrifu-
gation have low purity and low yield due to the contamination
of non-exosome components (136). So far, there is no clear
method to directly extract circRNA, but total RNA can be
digested with RNase R to enrich circRNA. Second, the secre-
tion mechanism of exosomes-derived circRNAs remains
unclear. Future research should concentrate on how exosomes
discharge circRNAs to act on the desired cells. In addition,
the limited number of circRNAs with clear mechanisms of
action in gastrointestinal cancer requires further research
and exploration. Finally, there is still a lack of a large number
of prospective studies on exosome-derived circRNA as a
diagnostic marker and targeted therapy molecule for gastroin-
testinal tumors. It is important to further assess the sensitivity,
specificity and diagnostic impact of exosomal circRNAs
paired with current tumor markers as a diagnostic marker.
Exosomal circRNAs, which is a targeted therapeutic molecule,
encounters more difficulties with regard to its efficacy, safety,
potential side effects, delivery method, biodistribution and
effective dose.

7. Conclusions

In conclusion, exosomal circRNAs have promise as novel diag-
nostic biomarkers and therapeutic targets and play a critical
role in the development of gastrointestinal malignancies. It
will be beneficial for its clinical use if the study of exosomal
circRNAs and gastrointestinal cancers becomes more in-depth
and cutting-edge technologies, including exosomal circRNA
separation and detection, are developed. The present study
hypothesizes that diagnostic and therapeutic strategies based
on exosomal circRNAs can be effectively applied to clinical
practice in the future.
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