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Circular RNAs Regulate Cancer Onset and Progression
via Wnt/p-Catenin Signaling Pathway

Yun-Feng Li, Jian Zhang, and Lei Yu
Department of Radiotherapy, The Second Hospital of Jilin University, Changchun, China.

Cancer remains to be a major challenge for public health providers, and is the second leading cause of death worldwide. There-
fore, it is imperative to explore the mechanisms underlying cancer initiation and development, and design novel diagnostics and
therapeutics. Circular RNAs (circRNAs), which exhibit a covalently closed loop structure, are involved in a variety of diseases, in-
cluding cancer. The aberrant expression of circRNAs contributes to the initiation and development of various cancers by disrupt-
ing the interplay of specific signaling pathways, including the Wnt/p-catenin pathway, which controls a plethora of cellular pro-
cesses that drive cancer development. The interactions between circRNAs (specifically expressed in different cancer tissues) and
Wnt/B-catenin signaling pathway presents potential diagnostic biomarkers and novel therapeutic targets. In this review, we have
summarized research discoveries on the functions of Wnt/p-catenin pathway-related circRNAs in the modulation of oncogenesis
and progression of different types of cancer. We anticipate that our findings will contribute to the improvement or development

of circRNAs-based strategies for cancer treatment.
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INTRODUCTION

Over the past few decades, there have been tremendous ad-
vances in cancer therapy, such as chemotherapy, radiotherapy,
surgery, targeted therapy, and immunotherapy using immune
checkpoint inhibitors. However, cancer has remained a prima-
ry public health challenge around the world."? In developed
countries, the high early detection rate of human cancer has
significantly improved the survival rate of patients with differ-
ent cancer types. However, early detection still remains to be a
challenge, especially in developing countries, and cancers de-
tected at advanced stages are difficult to treat, leading to a low
survival rate. Therefore, there is an urgent need to explore mech-
anisms underlying the onset and development of cancer, in or-
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der to develop more effective cancer diagnostic and treatment
strategies to improve the prognosis and quality of life of cancer
patients.’

For many years, researchers have focused on the explora-
tion of protein-encoding genes, while noncoding RNA (ncRNA)
were ever deemed as “junk” of transcription.* Substantial bio-
logical functions of ncRNAs have been observed in recent can-
cer studies.”® For instance, long noncoding RNA (IncRNA) NEAT1
promotes nasopharyngeal carcinoma progression via Wnt/
f3-catenin signaling pathway.” Circular RNAs (circRNAs) are a
type of endogenous ncRNAs that are first observed and char-
acterized by a covalently closed loop structure, which makes
them more stable and with various lengths.®? However, some
studies have shown that the translation of circRNAs and the cat-
egory of circRNAs should be re-classified.*" CircRNAs are steadi-
ly expressed in various cells and body fluid; are tissue- and dis-
ease-specific; and have unique exon sequences, miRNA response
elements, and protein-binding elements." The unique charac-
teristics of circRNAs indicate that they may be involved in the
controlled regulation of cellular biological behaviors. Based on
these characteristics, circRNAs have received increased atten-
tion, and a variety of functional circRNAs have been reported.
circRNAs has been reported to act as a “sponge” for miRNA which
consequently modulates the onset and development of vari-
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ous diseases, including cancer.'*** Chen, et al.'* found that cir-
cPVT1 promoted the proliferation of cancer cells by sponging
miR-125. circRNAs can also regulate the progression of cancer
through many other mechanisms. For instance, circRNAs can
modulate gene transcription and protein translation, activate
or inactivate cancer-related signaling pathways, and regulate
epithelial-mesenchymal transition (EMT), which is highly asso-
ciated with the invasion and migration of cancer cells."** Through
these mechanisms, circRNAs can modulate cancer cells’ apop-
tosis, proliferation, migration, invasion, and angiogenesis. cir-
cRNA_100269 has been reported to inhibit the proliferation of
gastric cancer (GC) cells by sponging miR-630.% Circ-ZNF652
promotes hepatocellular carcinoma (HCC) metastasis in an
EMT-induced manner.* Recent studies have confirmed that
circRNAs are involved in various cellular processes, and that
they play crucial roles in the initiation and progression of cancer.
Therefore, circRNAs can be used for clinical applications, having
roles such as diagnostic biomarkers, prognostic biomarkers,
and therapeutic targets.

Wnt signaling pathway was discovered in a 1982 study on on-
cogenic mechanisms using a mouse model, and the first gene
to be discovered in the pathway was INT1.2 Wnt signaling path-
way is divided into Wnt/B-catenin-dependent pathway, also
known as the canonical pathway, and -catenin-independent
pathway, which is also divided into Wnt/Jun N-terminal kinase
(JNK) pathway and Wnt/Calcium pathway.”** Canonical path-
way has been better understood and characterized, since sig-
nal transduction from extracellular liquid to the nucleus was
achieved mainly through the accumulation and transfer of
f3-catenin protein.” In the absence of Wnt ligand, cytoplasmic
B-catenin protein level remains low, and f3-catenin is recruited
into a destruction complex comprising of Axin2, casein kinasel
(CK1), adenomatous polyposis coli (APC), and glycogen syn-
thase kinase 3b (GSK3b).* The underlying mechanism here is
that the activated CK1 and GSK3b phosphorylate Axin-bound
B-catenin. Subsequently, the phosphorylated p-catenin is de-
graded by 26S proteasome pathway, aided by E3 ubiquitin li-
gase such as f-TrCP* When Wnt ligands are enough to bind to
Frizzled (FZD) receptors and coreceptor lipoprotein-related
protein (LRP), disheveled (Dsh, also termed Dvl) protein is ac-
tivated, which phosphorylates low-density lipoprotein recep-
tor-related protein 5/6 (LRP5/6). Subsequently, the destruction
complex is separated by phosphorylated LRP5/6, which oc-
curs through the binding of GSK3b, Axin, and phosphorylated
LRP5/6.%%"% Following the accumulation of B-catenin in the
cytoplasm, it is transferred to the nucleus; and here, it interacts
with T cell factor (TCF)/Lymphoid Enhancer Factor (LEF) tran-
scription factors and promotes the transcription of downstream
targets, such as cyclin D1, c-Myc, and matrix metalloprotein-
ase 1.

Besides the canonical pathway, several non-canonical Wnt sig-
naling pathways exist, including Wnt/planar cell polarity (PCR)
and WNT/Ca** pathways. Wnt/PCR signaling pathway activates
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Rho-kinase and JNK cascades. Wnt/Ca** signaling pathway up-
regulates the concentration of intracellular calcium and acti-
vates calcineurin, protein kinase C (PKC), or CaMKII pathways.
Non-canonical Wnt pathways are complicated, and recent stud-
ies have reported that non-canonical pathways may exert regu-
latory effects by suppressing the canonical Wnt/-catenin sig-
naling pathway.*>*' Additionally, there is evidence showing that
non-canonical Wnt pathways play vital roles in the maintenance
of cellular biological behaviors, such as cell proliferation, cell
migration, cell polarity, and stem cell maintenance, and that
they are also tightly associated with the initiation and progres-
sion of various cancers.***** circRNAs have been shown to reg-
ulate cancer development by modulating Wnt pathway, which
is one of the most canonical signaling pathways in cancer ini-
tiation and progression. Other studies have revealed that up-
regulation of Wnt signaling pathway exists in almost all cancer
types and plays a role in promoting cancer development and
enhances phenotypes such as proliferation, invasion, tube for-
mation, and migration.*

Canonical Wnt/B-catenin signaling pathway modulates can-
cer cells apoptosis, proliferation, invasion, and migration in the
regulation of initiation and progression of various cancers.* Over
the past few years, several studies have indicated that circRNAs
modulate gene expressions at both pre-transcription and post-
transcription levels. They have also been shown to interact with
signaling molecules to influence signal-dependent cell functions
and regulate cancer development via Wnt/p-catenin signaling
pathway.* Zhi, et al.’ reported that circLgr4 upregulated Wnt/
jB-catenin pathway and promoted invasion and tumorigenesis
in colorectal cancer (CRC). These findings provide new insights
to improve our understanding of the underlying mechanisms
of cancer initiation and progression. Therefore, this study aimed
to provide a summary of the latest studies on Wnt/p-catenin
pathway-related circRNAs in specific cancers (Table 1), and also
analyze the regulatory mechanisms (Fig. 1) that can be used
for the development of novel therapeutics.

Wnt/B-CATENIN SIGNALING
PATHWAY-RELATED circRNAs AND CRC

CRC is the second most common cause of cancer-related deaths
in both males and females worldwide.! A number of studies have
reported that differentially expressed circRNAs were observed
in CRC tissues compared to the adjacent tissues. This study enu-
merated recent studies on Wnt/B-catenin-related circRNAs
and CRC to elucidate the different roles of circRNAs in the on-
set and development of CRC via the Wnt/-catenin cascade.
Studies have shown that circRNAs acts as a “sponge” for miR-
NaAs to exert regulatory effects in CRC. Downregulation of miRNAs
causes circRNAs to increase the expression of miRNA-targeting
genes, some of which are involved in Wnt/B-catenin signaling
pathway. Some circRNAs exert suppressive effects by this mech-
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anism.* Geng, et al.*® noted that hsa_circ_009361 increased APC2
expression and inactivated Wnt/B-catenin cascade by spong-
ing miR-582, while miR-582 targeted APC2 mRNA and down-
regulated its expression. APC is a classic inhibitor in the acti-
vation of Wnt/B-catenin cascade, where it forms the destruction
complex of B-catenin.*” APC knockdown contributes to the ac-
cumulation of B-catenin in the cytoplasm and transfer to the nu-
cleus. Increasing B-catenin in the nucleus enhances its inter-
action with TCF/LEF or other transcription factor coregulators,
and modulates downstream target genes involved in cell apop-
tosis, proliferation, migration, and invasion.”** APC2, a ho-
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mologous product of APC, suppresses the activation of Wnt/
jB-catenin pathway and leads to the inhibition of CRC cell pro-
liferation, invasion, and migration. In this case, hsa_circ_009361
acts as an endogenous competitive RNA that upregulates the
level of APC2. 3'UTR of DKK1 is closely linked to miR-3, allow-
ing the level of Dkk1 protein and mRNA to be upregulated ac-
cording to the tight binding between has_circ_0000523 and
miR-31.% DKK1 is a suppressor of Wnt/f-catenin pathway, and
it inactivates this pathway by binding to LRP5/6 and abolish-
ing its interaction with FZD." Has_circ_0000523 promotes CRC
cells apoptosis and suppresses proliferation via upregulation

T
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Fig. 1. Diverse regulatory mechanisms of circRNAs and \Wnt/B-catenin signaling pathway. Circ_0006427 inactivates \Wnt/B-catenin pathway by upregulat-
ing Dkk1 in a miR-6783-3p-dependent manner; Circ_ITCH may increase the expression of protein ITCH by binding to miR-7, miR-20, and miR-124. Subse-
quently, overexpressed ITCH downregulates Dvl, which reduces p-catenin degradation and activates this pathway. Three circRNAs (circRNA_NEKS,
circ_CBFB and circ_0067934) upregulate frizzled (FZD) expression by sponging corresponding miRNAs (miR-370-3p, miR-607 and miR-1324), and thereby
activating the pathway. Hsa_circ_009361 and hsa_circ_0002052 also increase APC2 expression by sponging miR-582 and miR-1205, which inactivates
Whnt/B-catenin cascade. Circp-catenin encodes a B-catenin isoform, termed “B-catenin-370-aa”, to enhance the stability of B-catenin by reducing
GSK3p-induced B-catenin phosphorylation and degradation, and thereby activating \Wnt/B-catenin signaling pathway. CircRNA ¢ZNF292 directly upregu-
lates the expression of B-catenin, thereby activating \Wnt/B-catenin signaling pathway, but it also suppresses some inhibitors of this pathway, such as
APC and Axin. CircRNA_102171 reduces the level of CTNNBIP1 in the nucleus, and enhances the association between B-catenin and TCF/LEF to upregu-
late Wnt/B-catenin signaling pathway.
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of DKkI. cir-ITCH plays an anti-tumor role in CRC by sponging
miR-214, which binds to the 3' UTR of ITCH mRNA. ITCH pro-
tein can ubiquitinate the phosphorylated DvI2 and facilitates
its degradation, whereas cir-ITCH suppresses Wnt/p-catenin
signaling pathway and leads to the inhibition of CRC cells pro-
liferation via upregulation of ITCH.* Additionally, in this study,
miR-7 and miR-20a were also measured as targets of cir-ITCH
to modulate the expression level of ITCH, but statistical analy-
sis of our results showed no statistical significance. Proliferation
was the most affected cell phenotypes in CRC cells.

Some circRNAs have been shown to activate this pathway and
promote the oncogenesis of CRC. FZD is a vital promotive reg-
ulator in the activation of Wnt/p-catenin signaling pathway.**
There are direct binding sites between the 3’'UTR of FZD4 and
miR-516b, while CircRNA_100290 is able to sponge miR-516b.
Therefore, circRNA_100290 overexpression upregulates FZD4
protein level in a miR-516b-dependent manner, and also acti-
vates Wnt/B-catenin pathway and promote CRC cells prolifer-
ation, invasion, and migration, while suppressing apoptosis.*

CircRNAs are regarded as lacking protein-encoding ability.
Zhi, et al.® reported that circLgr4 encodes a type of peptide to ac-
tivate Lgr4 protein, upregulates Wnt/B-catenin pathway, and
promotes the invasion and tumorigenesis in CRC stem cells.
Moreover, the knockdown of circLgr4 or Lgr4 impaired Wnt/
f-catenin activation and decreased CRC stem cells in tumor,
hence circLgr4-peptide-Lgr4 pathway can be used for CRC ther-
apy. Previous studies demonstrated that Rspo/Lgr4/5 signaling
pathway is a noncanonical pathway that activates Wnt/B-catenin
cascade.’® Although the underlying mechanisms remain to be
explored, Kim, et al.*" indicated that RSpo family members ac-
tivated Wnt/B-catenin cascade by binding to Dkk1 and enhanc-
ing the activity of LRP6 and Wnt. In combination with Lgr recep-
tors such as Lgr4, Lgr5, and Lgr6, the promotive effect of RSpo
in Wnt/pB-catenin pathway is strengthened.”® Additionally, Lgr4
has been reported to be a global marker of cancer stem cells.”
This finding contributes not only to our understanding of cir-
cRNAs in cancer, but also suggests a novel approach that can be
utilized to block Wnt/B-catenin activation and inhibit cancer
development.

Wnt/B-CATENIN SIGNALING
PATHWAY-RELATED circRNAs
AND LUNG CANCER

Lung cancer is the most commonly diagnosed cancer and the
leading cause of cancer-related deaths worldwide.' In 2017, lung
cancer, along with stroke and ischemic heart disease, were the
three leading causes of deaths in China.*® Although great prog-
ress has been made with therapeutic strategies, especially tar-
geted therapies, more needs to be done as the prognosis still re-
mains poor. Therefore, there is an urgent need to explore better
and effective clinical biomarkers and novel therapeutic targets.
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circRNAs have been shown to exert modulatory effects through
circRNA-miRNA approach in lung cancer. Wei, et al.” reported
that significantly decreased expression of cir-ITCH was observed
in lung cancer tissues compared to the control, and that impor-
tant cancer-suppressive effects of cir-ITCH were also found in
A549 and NIC-H460 lung cancer cell lines. cir-ITCH exerts an-
ti-tumor effects by sponging miR-7 and miR-214, which bind to
the 3’ UTR of ITCH mRNA, and causes an increase in the level
of E3 ubiquitin ligase ITCH. ITCH binds to Dvl and ubiquitinate
it, where it promotes its degradation.” Downregulation of Dvl
causes cir-ITCH to block Wnt/f-catenin signaling pathway and
inhibit the proliferation of lung cancer cells.* Previous studies
have indicated that Sirtuin 1 (SIRT1) exerts promotive effects
on Wnt/f-catenin cascade,*** miR-135a-5p binds to 3'UTR of
SIRT1, and decreases its expression. Based on the interaction
between miR-135a-5p and SIRT1, circ_001946 upregulates SIRT1
expression in a miR-135a-5p-dependent manner and activates
Wnt/B-catenin signaling pathway in A549 and H1299 lung can-
cer cell lines. circ_001946 promotes the proliferation of lung
cancer cells.” circ_0006427 suppresses lung cancer cell invasion,
proliferation, and migration by sponging miR-6783-3p, and also
upregulates the expression level of Dkk1 and inactivates Wnt/
j3-catenin signaling pathway.* In addition, increasing the expres-
sion of hsa_circ_0007059 causes a reduction in the level of Wnt3a
and B-catenin in A549 and H1975 lung cancer cells, and there-
by inhibiting the activation of Wnt/f-catenin cascade. Further-
more, the suppressive effect of overexpressed hsa_circ_0007059
in B-catenin and Wnt3a is reversed by the transfection of a
miR-378 mimic.”” Under normal circumstances, target miRNA
is negatively associated with the expression of the affected pro-
tein. However, in this study, the level of Wnt3a and -catenin
was positively related to the expression of miR-378, but the un-
derlying mechanisms should be further explored. These find-
ings suggest that hsa_circ_0007059 overexpression attenuates
Wnt/B-catenin pathway by the suppression of miR-378 in A549
and H1975 lung cancer cells. However, the mechanisms under-
lying the interactions between miRNAs and their target pro-
teins need to be further explored.””

Although the interactions between circRNAs and miRNAs
have been widely studied, some circRNA-miRNA interactions
still remain unclear. Apart from the circRNA-miRNA approach,
circRNAs regulates Wnt/f-catenin pathway and cancer develop-
ment by directly modulating gene transcription, protein trans-
lation, and other mechanisms. circ_001569 overexpression up-
regulates the expression of TCF4, Wntl, and B-catenin, leading
to the activation of Wnt/p-catenin pathway and increased pro-
liferation of A549 and H1299 lung cancer cells.* circRNA hsa_
circ_000984 promotes the activation of Wnt/f3-catenin signal-
ing pathway as well as the invasion, proliferation, migration, and
EMT of non-small cell lung cancer cells, although its direct tar-
gets are unknown.”

Due to the regulatory functions of circRNAs, there is promis-
ing potential in their clinical application for the treatment of lung
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cancer. For example, hsa_circ_0043256 restoration has been
utilized in cinnamaldehyde treatment for non-small cell lung
cancer. After utilizing cinnamaldehyde, hsa_circ_0043256 is over-
expressed and upregulates Wnt/B-catenin-suppressor ITCH by
sponging miR-1252 while miR-1252 targets ITCH. Therefore,
hsa_circ_0043256 inhibits Wnt/B-catenin pathway and exerts
an anti-tumor effect.®* Although effective clinical applications
of Wnt/B-catenin signaling pathway-related circRNAs are lack-
ing, this suggests a novel therapeutic target that may block or
eradicate lung cancer.

Wnt/B-CATENIN SIGNALING
PATHWAY-RELATED circRNAs
AND LIVER CANCER

In China, liver cancer was reported as the fifth most common
cause of death in 2017.* Wnt/B-catenin cascade, a key regula-
tor of liver cancer development, plays a crucial role in the stem-
ness of cancer cells.® Common markers of liver cancer stem-
ness include CD133, CD90, CD44, and EPCAM. Cell cycle and
apoptosis regulator 1 (CCAR1) function as promoters of Wnt/
B-catenin signaling pathway. Additionally, fragile X mental re-
tardation protein (FMRP) interacts with CCAR1 mRNA and up-
regulates its expression. In HCC, increasing the expression of
circZKSCANT1 inhibits Wnt/B-catenin signaling pathway, and
suppresses the malignant behavior of HCC by reducing the ex-
pression level of FMRP and CCAR1.%* In addition, circZKSCAN1
has been shown to be a favorable prognostic indicator of HCC
patients.”” Therefore, modulating the expression levels of some
circRNAs can inhibit cancer cell stemness and block liver can-
cer progression.

Apart from cell stemness, frequent metastasis and lack of ef-
fective chemotherapeutics are tightly associated with poor prog-
nosis in HCC.*** Therefore, developing effective therapeutic
targets is a critical concern for improving the prognosis of HCC
patients. circ_0067934 overexpression increases the expression
of FZD5 by sponging miR-1324, and this causes the activation
of Wnt/B-catenin cascade in an FZD5-induced manner.** The
activated pathway promotes HCC growth and metastasis. Pre-
vious studies have indicated that some circRNAs possess ami-
no acids-encoding capacity. Liang, et al.% reported that circf-
catenin has the ability to encode a B-catenin isoform, which
contains 370 amino acids and is termed “B-catenin-370-aa.” In
addition, B-catenin-370-aa enhances the stability of B-catenin
by reducing GSK3pB-induced B-catenin phosphorylation and
degradation, which further activates Wnt/p-catenin signaling
pathway and promotes liver cancer cell proliferation and mi-
gration.” There are some evidence to suggest that circ-ITCH
regulates the progression of cancer by modulating Wnt/[-catenin
signaling pathway. Guo, et al.”” reported that circ-ITCH is high-
ly associated with the carcinogenesis of HCC. Additionally, high
expression of circ-ITCH indicates better survival rate for HCC
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patients. Whether circ-ITCH exerts anti-oncogenic effect through
Wnt/B-catenin pathway in this study needs to be explored fur-
ther. Therefore, circRNAs molecules exert indispensable func-
tions in cell stemness and proliferation of liver cancer cells, and
they have the potential to act as therapeutic targets in clinical
treatment.

Wnt/p-CATENIN SIGNALING
PATHWAY-RELATED circRNAs
AND THYROID CANCER

Although thyroid cancer has been ranked as the ninth leading
cause of cancer-related deaths, an estimated 567000 cases have
been reported worldwide." In Korea, it is the most frequently
reported tumor, especially in women, at a rate that is 5.5 times
higher compared to men."*® Advances in the treatment of thy-
roid cancer have significantly improved its prognosis; however,
its etiology remains unknown, with ionizing radiation being the
only known risk factor. Therefore, exploring the underlying mech-
anisms is crucial for improving the lives of thyroid cancer pa-
tients. CircRNAs are novel regulators in cancer development,
with increased attention on their roles in thyroid cancer. For ex-
ample, circNUP213 has been shown to promote papillary thy-
roid cancer cells’ proliferation, invasion, and migration by spong-
ing miR-145, and thereby upregulating the expression of zinc
finger E-box binding homeobox 2 (ZEB2).” circRNA_102171
and circRNA_NEK®6 exert promotive functions in thyroid can-
cer via Wnt/f-catenin signaling pathway, while circ-ITCH plays
an inhibitory role.”™

CTNNBIP1, a negative regulator of Wnt/f-catenin pathway,
attenuates the interaction between B-catenin and TCF/LEF to
suppress the expression of downstream targets.” Bi, et al.” re-
ported that circRNA_102171 reduces the level of CTNNBIP1 by
interacting with it in the nucleus, and thereby enhancing the as-
sociation between B-catenin and TCF/LEF and upregulation of
Wnt/p-catenin Signaling pathway in papillary thyroid cancer.
Therefore, circRNA_102171 promotes thyroid cancer cell prolif-
eration, invasion, and migration, and inhibits apoptosis. Increas-
ing the expression of circRNA_NEKG6 upregulates the level of
FZD8 by sponging miR-370-3p and activating Wnt/B-catenin
pathway in thyroid cancer cells. The activated pathway promotes
cell proliferation and invasion.” Shashar, et al.” indicated that,
apart from CTNNBIP1 and APC, casitas B-lineage lymphoma
(CBL) is also an independent negative regulator of B-catenin,
since CBL promotes the degradation of f-catenin. In addition,
MiR-22-3p, a target of circ-ITCH, binds to 3'UTR of CBL mRMA.
In papillary thyroid cancer, circ-ITCH overexpression upregu-
lates the expression of CBL in a miR-22-3p-dependent manner,
while circ-ITCH suppresses Wnt/3-catenin signaling pathway
and exerts anti-tumor function.”

https://doi.org/10.3349/ymj.2019.60.12.1117
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Wnt/B-CATENIN SIGNALING
PATHWAY-RELATED circRNAs
AND BREAST CANCER

Breast cancer is the most common cause of cancer-related deaths
in females worldwide.! The survival rate of breast cancer patients
has improved in recent years, due to the newly developed tar-
geted therapies. Improved understanding of the molecular and
genetic alteration underlying breast cancer has led to a more
targeted and personalized approach for breast cancer treatment.
Despite advances in therapies, prognosis remains poor due to
the frequent distal metastasis and advanced diagnosis. The crit-
ical regulatory effects of circRNAs identified in cancer develop-
ment and their interactions with Wnt/f-catenin cascade are
emerging concerns related to breast cancer. Previous studies
have reported that ITCH is a classic inhibitor of Wnt/(-catenin
signaling pathway.” Downregulated circ-ITCH was observed
in triple-negative breast cancer, and further studies revealed that
circ-ITCH had the ability to inactivate Wnt/p-catenin signaling
pathway by sponging miR-214 and miR-17. Upregulation of pro-
tein ITCH was reported to facilitate the ubiquitination and deg-
radation of phosphorylated Dvl. Subsequently, downstream
genes such as Axin, c-Myc, and cyclin D1 were inhibited, while
the proliferation, invasion, and migration of breast cancer cells
attenuated.”™ Therefore, upregulation of circ-ITCH is an effec-
tive measure to inhibit the growth and progression of breast
cancer, and to further reduce the frequent metastasis and im-
prove prognosis.

Wnt/p-CATENIN SIGNALING
PATHWAY-RELATED circRNAs
AND GLIOMA

Glioma is the most frequently diagnosed brain cancer, and it
is responsible for 80% of malignant brain tumors.”” In recent
years, the roles of signal molecule-related circRNAs in glioma
have received increased attention, due to their crucial biologi-
cal effects. Several circRNAs have been reported to be involved
in modulating migration, tube formation, invasion, and prolif-
eration in glioma through Wnt/f-catenin signaling pathway. For
example, cir-ITCH overexpression was reported to be upregu-
lated in mRNA and protein level of ITCH by serving as a sponge
of miR-214 in glioma cells.” Subsequently, increased ITCH sup-
pressed Wnt/B-catenin pathway, leading to the inhibition of
glioma cell proliferation, invasion, and migration. In addition,
upregulating the expression of cir-ITCH inhibited TCF tran-
scriptional activity in glioma cells. Therefore, cir-ITCH plays an
anti-oncogenic role in glioma by sponging miR-214 and increas-
ing ITCH expression. Increasing the expression of cir-ITCH can
be used to block glioma development. CircRNA ¢ZNF292 mod-
ulates glioma tube formation through the regulation of the ex-
pression levels of B-catenin, Axin, and APC, among other pro-
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teins, which are related to the activation of Wnt/f-catenin
pathway. Yang, et al.*’ noted that cZNF292 silencing can down-
regulate the expression of 3-catenin, Cyclin A, and CDK2, which
in turn promotes Wnt/f-catenin signaling pathway while in-
creasing some inhibitors of the pathway, such as APC and Axin.
Therefore, cZNF292 depletion suppresses glioma progression
through the blocking of Wnt/p-catenin.* Chen and Duan® iden-
tified that hsa_circ_0000177 acts as a “sponge” for miR-638 using
bioinformatics analysis. Hsa_circ_0000177 silencing dramati-
cally suppressed the proliferation and invasion of glioma cells in
vitro. In addition, miR-638 knockdown restored the invasion and
proliferation of glioma cells transfected with hsa_circ_0000177
small interfering RNA. This study identified that FZD7 is a down-
stream target of miR-638, and is upregulated by increasing the
expression of hsa_circ_0000177. Based on these findings, hsa_
circ_0000177 overexpression promotes malignant behaviors of
glioma via FZD7-induced Wnt/B-catenin signaling pathway.
Therefore, restoring cir-ITCH expression or silencing cZNF292
and hsa_circ_0000177 may provide a potential direction in gli-
oma treatment.

Wnt/p-CATENIN SIGNALING
PATHWAY-RELATED circRNAs
AND OSTEOSARCOMA

Osteosarcoma (OS) is one of the most common primary malig-
nant bone tumors. Over the past few years, tremendous progress
has been made in therapeutic strategies for OS, including sur-
gical resection and chemoradiotherapy. However, the high rate
of metastasis remains as a major concern for patients.*” There-
fore, understanding the molecular mechanisms underlying the
initiation and progression of OS is important for OS treatment.

There has been increased attention on the role of circRNAs in
OS. Upregulating the expression level of has_circ_0002052 has
been reported to reduce the level of miR-1205 while miR-1205
binds to the 3'UTR region of APC2, which is a suppressor of Wnt/
B-catenin pathway. By releasing the suppressive effect of miR-
1205 on the expression of APC2, has_circ_0002052 inhibits the
activation of Wnt/B-catenin pathway, and thereby suppressing
OS cell proliferation, invasion, and migration.® This study sug-
gested that has_circ_0002052 overexpression is a potential target
in blocking the metastasis of OS. Zhang, et al.** indicated that
circ_001569 was overexpressed in OS and associated with the
prognosis of OS patients. Knockdown of circ_001569 led to detec-
tion of f-catenin expression, which was decreased, and GSK-3f3
level upregulated, which attenuated the activity of Wnt/f-catenin
signaling pathway. These findings suggest that has_circ_0002052
promotes malignant behavior of OS via activation of Wnt/p-catenin
signaling pathway.
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Wnt/B-CATENIN SIGNALING
PATHWAY-RELATED circRNAs
AND OTHER CANCERS

Recent studies have suggested that circRNAs modulate the on-
set and progression of chronic lymphocytic leukemia (CLL),
esophageal squamous cell carcinoma (ESCC), and endometri-
al carcinoma via the canonical Wnt pathway.** Studies have
shown that circRNAs modulates the apoptosis, proliferation, in-
vasion, and migration of these cancers. Studies have also revealed
that circRNAs plays an important role in the onset and develop-
ment of GC, which is also strongly associated with Wnt/p-catenin
signaling pathway.'***# However, the Wnt/B-catenin signaling
pathway-related circRNAs in GC should be further explored.

CLL is the most common leukemia in adults characterized
by overgrowth of abnormal, mature CD5*CD23* B cells in the
peripheral blood, bone marrow, and secondary lymphoid tis-
sues, and it is caused by dysregulated cell apoptosis and prolif-
eration.”” Treatment of CLL has been associated with greater
progression, and there are new and emerging therapies target-
ing vital biological pathways. However, the mechanisms under-
lying the onset and development of CLL need further exploration.
Esophageal cancer is the seventh most commonly diagnosed
cancer worldwide, and it is ranked sixth in terms of mortality.'
Its incidence among men in Eastern Asia are the highest around
the world. ESCC is one of the main subtypes of esophageal can-
cer derived from esophageal epithelial cells.”” Over the past few
decades, most cancers, including ESCC, have been deemed as
genetic diseases. However, the mechanisms underlying the mo-
lecular and genetic basis of esophageal cancer still remain un-
clear. Endometrial cancer is the most common malignant tumor
in the Western female reproductive track, and it is normally treat-
ed with surgery. Although many novel therapeutic strategies are
being used to improve the prognosis of advanced endometrial
cancer patients, the prognosis remains poor.” Therefore, there
is an urgent need to investigate the molecular mechanisms un-
derlying the pathogenesis of endometrial carcinoma.

Using TargetScan7.1 (http://www.targetscan.org), Xia, et al.*®
found that there are four binding sites between miR-607 and
FZD3, while circ-CBFB can serve as a sponge for miR-607. Pre-
vious studies indicated that overexpressed circ-CBFB increased
the expression of FZD3 in a miR-607-dependent manner, there-
by activating the Wnt/B-catenin Signaling pathway and promot-
ing CLL cell proliferation.® Therefore, knocking down of circ-
CBFB may be a potential target in the treatment of CLL. It has
been reported that cir-ITCH upregulates the ITCH protein in a
miRNA-dependent manner in several cancers, and that cir-ITCH
also sponge miR-7, miR-17, and miR-214 to increase the expres-
sion of ITCH and exert anti-tumor effects in ESCC.* In addi-
tion, has_circ_0002577 has been shown to be highly conserved
to sponge miR-197 in endometrial carcinoma.” Given that 3’'UTR
of CTNND1 mRNA is tightly linked to miR-197, the expression
level of CTNND1 mRNA and its corresponding protein cannot
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be reduced, due to the binding between has_circ_0002577 and
miR-197.8 When the CTNND1 protein is accumulated, the in-
teraction between B-catenin and TCF/LEF is attenuated, and
the activity of Wnt/p-catenin signaling pathway is downregu-
lated. Furthermore, suppression of tumor growth by knockdown
ofhas_circ_0002577 was observed in vivo.*” These findings in-
dicate that has_circ_0002577/miR-197/CTNNDI1 axis is a poten-
tial therapeutic target in the treatment of endometrial carcinoma.

In other diverse cancer cell lines, including prostate cancer,
GC, colon cancer, breast cancer, cervical cancer, neuroblastoma,
and liver cancer, Yang, et al.”* showed that circ-CTNNB1, which
was predominantly located in the nucleus, was overexpressed
and that it cooperated with DEAD-box polypeptide 3 (DDX3).
This promoted the interaction between DDX3 and Yin Yang 1
(YY1), and increased the downstream expression of genes.* Wnt,
AXIN, and B-catenin are target genes of YY1,” and circ-CTNNB1/
DDX3/YY1 axis contributes to upregulation of the expression
level of these genes, which then activates Wnt/p-catenin cascade
and promotes cancer growth and invasion. In most cases, cir-
cRNAs modulate the expression level of downstream molecules.
In this study, circ-CTNNB1 did not change the protein level of
DDX3, but enhanced its effect on B-catenin. This novel mech-
anism suggests that, in cases where there is an obvious biologi-
cal function without change in the proteins targeted by circRNAs,
other downstream molecules should be analyzed.

PERSPECTIVE

In recent years, the incidence of cancer and cancer-related mor-
tality have been rising around the world, posing a great chal-
lenge to the public health sector.! Specifically, lung cancer and
liver cancer are the two leading causes of deaths in China.* De-
spite the advances in development of early detection techniques
and therapies, the frequent relapse, metastasis, and chemoresis-
tance have remained to be the key factors responsible for poor
prognosis of most cancers. Further studies are needed to iden-
tify the mechanisms underlying the onset and development of
cancers, in order to facilitate the design of more effective diag-
nostic and prognostic biomarkers as well as novel therapeutic
targets for cancer treatment.

CircRNAs, a type of ncRNA that regulate cancer development,
have been getting more attention over the past few years.” Char-
acterized by a covalently closed loop structure, circRNAs are sta-
ble in the cytoplasm, nucleus, and body fluids. These molecules
modulate various cell behaviors, and also affect the initiation
and development of cancer.” CircRNAs modulates cancer cell
proliferation, invasion, migration, and apoptosis at both pre-tran-
scription and post-transcription levels through various mech-
anisms. Among these mechanisms, acting as a “sponge” for miR-
NAs to upregulate the expression level of its targets is the most
frequent mechanism. Based on the data reviewed in this study,
circRNAs can also exert regulatory effects on gene transcription
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and protein expression, and modulate the level of some signal-
ing molecules, such as encoding peptide and amino acids. Ad-
ditionally, circRNAs also act as “enhancers” that regulate the ac-
tivity of some proteins, such as circ-CTNNB1, without changing
their expression levels.”* These regulatory functions make cir-
cRNAs important in cancer research. Out of all Wnt/-catenin
signaling pathway-related circRNAs, circ-ITCH shows promis-
ing prospects. It has been found to be downregulated in glioma,
ESCC, CRC, lung cancer, liver cancer, thyroid cancer, and breast
cancer. Moreover, there is consensus that overexpression of circ-
ITCH exerts anti-tumor effects in an ITCH protein-dependent
manner by sponging corresponding miRNAs. ITCH protein is
a member of Nedd4-like E3 family, which contains four WW
domains related to PPxY-containing targets. The downstream
targets of circ-ITCH regulate the progression and chemoresis-
tance of tumors. In addition, several studies have shown that
ITCH promotes the degradation of phosphorylated Dvl via 26S
proteasome, and thereby inactivating Wnt/p-catenin signaling
pathway.* Canonical Wnt pathway normally promotes cancer
development. Therefore, increasing the expression of ITCH may
inhibit cancer initiation and progression. Another study report-
ed that 3’'UTR of ITCH and circ-ITCH share some miRNAs bind-
ing sites, and that circ-ITCH can upregulate the level of ITCH
by acting as a “sponge” for these miRNAs.” This way, circ-ITCH
exerts anti-tumor effects in an ITCH-dependent manner.

Among the diverse signaling pathways mediating the effects
of circRNAs on cellular processes, Wnt/-catenin pathway is a
common one in many cancers and plays critical roles in the on-
set and development these cancers.” By interacting with sig-
naling pathway-related molecules, such as DNA, miRNA, and
transcription factors, circRNAs activate or inhibit Wnt/f-catenin
signaling pathway to impact biological processes. Additionally,
circRNAs modulate Wnt/B-catenin signaling pathway not only
through the classic approach, but also via other bypass path-
ways, such as Rspo/Lgr4 pathway and CTNNBIP1 pathway.
Among the main targeted molecules, CTNNB1, ITCH, APC, and
CBL are negative regulators of Wnt/f-catenin signaling pathway,
whereas FZD, -catenin, and Dvl activate this pathway. These
reports indicate that circRNAs considerably affect the pathol-
ogy of various cancers via Wnt/f-catenin pathway. Some Wnt/
B-catenin-related circRNAs have been summarized in Table 1.
Our results suggest that the interaction between circRNAs and
Wnt/f-catenin pathway can be a potential target for cancer ther-
apeutics and diagnostic biomarkers.

CONCLUSION

In summary, Wnt/-catenin pathway-related circRNAs play key
roles in different types of cancer. These RNAs regulate down-
stream targets that are tightly associated with oncogenesis, can-
cer cell phenotypes, and cancer progression. The interactions
between circRNAs and Wnt/B-catenin signaling pathway show
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significant potential for finding novel therapeutic targets and
diagnostic biomarkers. The mechanisms underlying such inter-
actions should be further studied to develop combination treat-
ments. Numerous circRNAs have been identified to interact
with Wnt/B-catenin pathway in many types of cancer by acting
as a “sponge” for miRNAs, or by modulating key molecules of
this pathway, such as FZD, B-catenin, and APC. However, some
Wnt/B-catenin pathway-related circRNAs as well as their func-
tions and targets remain unclear, and need to be explored in
the future.
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