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Abstract

Background: Circular RNAs (circRNA) have been shown to be involved in the pathogenesis of colorectal cancer
(CRC). CircCTNNA1 was found to be one of the upregulated circRNAs in CRC. However, there are few studies on circ-
CTNNAT1, so it is necessary to carry out further studies.

Methods: The expression of circCTNNA1, microRNA (miR)-363-3p, and chemokine C-X-C motif ligand 5 (CXCL5) was
detected by quantitative real-time PCR (gRT-PCR). The protein levels of CXCL5 and metastasis markers were measured
using western blot (WB) analysis. Cell proliferation, apoptosis, cell cycle, migration, and invasion were determined by
cell counting kit 8 (CCK8) assay, colony formation assay, flow cytometry, and transwell assay. The relationship between
miR-363-3p and circCTNNAT or CXCL5 was evaluated via dual-luciferase reporter assay and RNA immunoprecipitation
assay. Animal study was performed to explore the function of circCTNNAT on CRC tumorigenesis.

Results: CircCTNNAT and CXCL5 were highly expressed in CRC. Knockdown of circCTNNAT could inhibit the prolif-
eration, cell cycle, metastasis, and promote the apoptosis of CRC cells. MiR-363-3p could be sponged by circCTNNAT,

in vivo.

and the inhibition effect of circCTNNAT silencing on CRC progression could be reversed by miR-363-3p inhibitor.
Moreover, miR-363-3p could interact with CXCL5, and CXCL5 overexpression also could reverse the suppressive
effect of miR-363-3p on CRC progression. Downregulation of circCTNNAT1 also could hinder the tumor growth of CRC

Conclusion: CircCTNNAT enhanced CRC progression via regulating the miR-363-3p/CXCL5 axis.
Keywords: Colorectal cancer, circCTNNAT, miR-363-3p, CXCL5

Background

Colorectal cancer (CRC) is a common malignant tumor,
often accompanied by distant metastasis of one or more
organs [1]. In recent years, the incidence and mortal-
ity of CRC have shown an obvious upward trend in the
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world [2, 3]. Most CRC patients are in the middle and
advanced stages when they are first diagnosed. Therefore,
the detection of CRC biomarkers can help clinically for-
mulate appropriate treatment plans [4, 5]. At present, the
application of targeted therapy has brought the treatment
of advanced CRC into a new stage [6, 7].

Circular RNA (circRNA) is an endogenous RNA mol-
ecule that can regulate gene expression, and it is widely
present in eukaryotic cells [8, 9]. More and more cir-
cRNAs have been confirmed to participate in a variety
of biological functions, which in turn affect the occur-
rence and development of diseases including cancers
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[10, 11]. Sufficient research confirms that the differen-
tial expression of circRNA is related to the malignant
progression of cancer, which may be a potential target
for cancer treatment [12, 13]. In CRC, many circRNAs
have been found to participate in the regulation of CRC
proliferation, metastasis and tumor generation, such as
circ_103809 [14], circ_100290 [15] and circ-ZNF609 [16].
Circ_0074169 (derived from CTNNAI1 gene, also called
circCTNNAL1) is a newly discovered circRNA in recent
years. In the previous study, Chen et al. found that circ-
CTNNA1 was an upregulated circRNA in CRC tissues,
which could accelerate CRC proliferation and metastasis
[17]. Therefore, circCTNNA1 might be a potential tar-
get of CRC. However, the research data of circCTNNA1
in CRC is still very limited, and its role and molecular
mechanism in CRC are worthy of further exploration.

Chemokine C-X-C motif ligand 5 (CXCL5) belongs to
the CXC family, which can bind to the G protein coupled
receptor CXCR2, thereby affecting tumor growth, prolif-
eration and metastasis [18, 19]. CXCL5 has been found to
be significantly overexpressed in many cancers, including
CRC, and has been shown to be an important oncogenic
factor in cancer progression [20—22]. Interestingly, in our
research, we discovered that circCTNNA1 and CXCL5
expression had a positively correlation in CRC, but it
is unclear whether there was a regulatory relationship
between the two.

Numerous studies have suggested that circRNA can be
used as a sponge for microRNA (miRNA), by exerting the
mechanism of competing endogenous RNA (ceRNA) to
release the inhibition of miRNA on downstream genes,
thereby indirectly regulating gene expression [23, 24].
Therefore, our research purpose is mainly to explore the
role of circCTNNAL1 in the progression of CRC. In addi-
tion, searching for the miRNA that interacts with circ-
CTNNA1 and CXCL5 can reveal a new mechanism for
circCTNNAL1 regulating CRC progression.

Methods

Patient samples

Thirty seven paired CRC tumor tissues and adjacent nor-
mal tissues were collected from 37 CRC patients who had
undergone surgery in Taizhou First People’s Hospital.
Clinical tissue samples were frozen in liquid nitrogen.

Cell culture

Human CRC cell lines (CACO2, LOVO, HT29, SW620
and SW480) were obtained from ATCC (Manassas,
VA, USA) and normal colon mucosal epithelial cell line
(NCM460) was purchased from Biovector NTCC Culture
Center (Beijing, China). Cells were cultured in DMEM
medium (Hyclone, South Logan, UT, USA) containing
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10% fetal bovine serum (FBS, Hyclone) and 1% penicillin/
streptomycin (Invitrogen, Carlsbad, CA, USA) at 37 °C
with 5% CO,,.

Quantitative real-time PCR (qRT-PCR)

RNAiso Plus (Takara, Dalian, China) was used to extract
total RNAs, and TIANscript RT Kit (Beijing, China)
was used to obtain ¢cDNA. According to the instruc-
tions of SYBR Premix Ex Taq II (Takara), qRT-PCR was
conducted on PCR system. Relative expression was nor-
malized by GAPDH or U6 and calculated using 2724t
method. The primer sequences were listed as below: circ-
CTNNA1, F 5-TGAGCCAGGAGTCTACACAGA-3/,
R 5-TGTTCACGGAAAACTTGGGCA-3; CTNNAL,
F 5- GGGGATAAAATTGCGAAGGAGA-3/, R 5'-GTT
GCCTCGCTTCACAGAAGA-3; CXCL5, F 5-AGC
TGCGTTGCGTTTGTTTAC-3', R 5-TGGCGAACA
CTTGCAGATTAC-3; miR-363-3p, F 5'-GCCGAGAAT
TGCACGGTAT-3, R 5-CTCAACTGGTGTCGTGGA
-3’; GAPDH, F 5-GGAGCGAGATCCCTCCAAAAT-
3/, R 5-GGCTGTTGTCATACTTCTCATGG-3’; U6, F
5'-TCTTCGTCATCACATATACTAAAAT-3/, R 5/-CTC
TTCACGAATTTTCGTGTCAT-3'.

Stability and localization of circRNA

For RNase R assay, the RNAs (2 pg) extracted from
SW620 and SW480 cells were treated with 6 U RNase R
(Geneseed Biotech, Guangzhou, China). The RNA not
incubated with RNase R was used as control. After that,
the RNA levels of circCTNNA1 and GAPDH (represent-
ative linear RNA) were detected by qRT-PCR.

For subcellular localization assay, the cytoplasm and
nuclear RNAs of SW620 and SW480 cells were extracted
with PARIS Kit (Invitrogen). Afterward, the expression
of circCTNNA1, GAPDH (cytoplasm control) and U6
(nuclear control) in the nuclear and cytoplasm RNAs was
detected by qRT-PCR.

Western blot (WB) analysis

Total protein was extracted by RIPA Lysis Buffer (San-
gon Biotech, Shanghai, China) and quantified with BCA
Protein Assay Kit (Sangon Biotech). The same amount
of protein was isolated by 10% SDS-PAGE gel and trans-
ferred to PVDF membrane (Beyotime, Shanghai, China).
Membranes were immersed in 5% nonfat milk and then
incubated with primary antibodies, including CXCL5
(ab9802, 1:10,000), E-cadherin (ab40772, 1:40,000),
N-cadherin (ab18203, 1:1000) and GAPDH (ab9485,
1:2500). After incubating with Goat Anti-Rabbit IgG
H&L (HRP) (ab205718, 1:50,000), the protein signals on
the membranes were analyzed using ECL luminescent
solution (Meilunbio, Dalian, China). All antibodies were
bought from Abcam (Cambridge, MA, USA).
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Cell transfection

CircCTNNA1 small interfering RNAs (siRNAs), over-
expressing vector and short hairpin RNA (shRNA) (si-
circCTNNA1#1/#2, circCTNNAI1 and sh-circCTNNA1),
miR-363-3p mimic and inhibitor (miR-363-3p and in-
miR-363-3p), pcDNA CXCL5 overexpression plasmid
(CXCL5), or their negative controls (si-con, vector, sh-
con, miR-con, in-miR-con and pcDNA) were obtained
from Genepharma (Shanghai, China). SW620 and
SW480 cells were seeded into 24-well plates, and trans-
fection was conducted using Lipofectamine 3000 reagent
(Invitrogen) when the cells reached 50-60% confluences.

Cell counting kit 8 (CCK8) assay

The principle of CCK8 assay is mainly: WST-8 con-
tained in CCK8 solution can be reduced by dehydro-
genase in cell mitochondria to a highly water-soluble
yellow formazan dye, and then the cell viability can be
evaluated by detecting the amount of formazan. Spe-
cific steps were as follows: Cells were seeded in 96-well
plates and cultured to the adherent wall. CCK8 solution
(10uL, Vazyme, Nanjing, China) was added to the plates
at 4 time points (0, 24, 48 and 72 h) and incubated for 4 h.
The optical density (OD) value was measured at 450 nm
to assess cell viability.

Colony formation assay

One hundred and fifty cells were inoculated on a 6-well
plate. After 2 weeks, the colonies were immobilized with
Paraformaldehyde Fix Solution (Beyotime, Shanghai,
China), and then stained with Crystal Violet Staining
Solution (Beyotime). Finally, the colonies were photo-
graphed and counted under a microscope.

Transwell assay

Transwell chamber (8 pum, 24-well; Millipore, Billerica,
MA, USA) was used to detect cell migration and inva-
sion. The difference between cell migration and invasion
was that an additional Matrigel (Solarbio, Beijing, China)
was pre-coated on the bottom of the upper chamber in
cell invasion assay. CRC cells were seeded into the upper
chamber with DMEM medium, and the lower chamber
was added with DMEM medium containing FBS. After
24 h, the cells were fixed with Paraformaldehyde Fix Solu-
tion, and stained with Crystal Violet Staining Solution.
Cell number was counted using a microscope (100x).

Flow cytometry

The cells were seeded into 6-well plates. After culturing
for 48 h, the cells were digested and cell lysates were col-
lected. Annexin V-FITC/propidium iodide (PI) Apoptosis
Detection Kit (Keygen Biotech, Nanjing, China) was used
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for cell apoptosis. In brief, the cell lysates were suspended
with Binding Buffer, and then incubated with Annexin
V-FITC and PI for 10 min. Cell cycle was analyzed using
Cell Cycle Detection Kit (Wanleibio, Shenyang, China).
Briefly, the cell lysates were fixed in 70% ethanol, and
then incubated with RNase A and PI for 30 min. Finally,
the cell apoptotic rate and cell cycle distribution were
analyzed using a flow cytometer.

Dual-luciferase reporter assay

The binding sites of miR-363-3p in circCTNNAL or
CXCL5 3'UTR were predicted by the Starbase tool or
Targetscan tool. According to the binding sequences,
we constructed the wide-type (WT) and mutate-type
(MUT) vectors of circCTNNA1 and CXCL5 3'UTR
using the pGL3-control vector (Promega, Madison, W1,
USA). The vectors and miR-363-3p mimic or miR-con
were co-transfected into SW620 and SW480 cells. After
48 h, relative luciferase activities (Firefly/Renilla) were
determined by Dual-Luciferase Reporter Assay Kit
(Promega).

RNA immunoprecipitation assay

According to the instruments of Magna RNA immuno-
precipitation Kit (Millipore), RNA immunoprecipita-
tion assay was performed. Briefly, SW620 and SW480
cells were lysed in RIP lysis buffer. Then, the cells
lysates were incubated with magnetic beads conjugated
with Anti-Ago2 or Anti-IgG. Finally, the RNA bounded
to the magnetic beads were purified, and the expression
of circCTNNA1, miR-363-3p and CXCL5 was meas-
ured by qRT-PCR.

Animal study

SW620 cells were transfected with sh-con or sh-circ-
CTNNAL for 48 h, and then harvested and diluted with
PBS (Beyotime). BALB/c nude mice (male, n=10) were
obtained from Vital River (Beijing, China) and ran-
domly divided into 2 groups (n=5). The diluted cells
(2 x 10° per 100 pL) were subcutaneously injected into
the back of the mice. Every weekly, tumor volumes were
measured by detecting tumor length and width using
vernier caliper. Four weeks later, the mice were eutha-
nized and tumor weight was analyzed.

Statistical analysis

All statistical data were expressed as mean =+ standard
deviation in 3 independent experiments. The differ-
ences were assessed using Student’s ¢-test or one-way
analysis of variance followed by Tukey’s test on Graph-
Pad Prism 7.0 software (GraphPad, La Jolla, CA, USA).
p value less than 0.05 was considered as statistically
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Fig. 1 The expression of circCTNNAT and CXCL5 in CRC tumor tissues and cells. a The diagram depicting the structure of the CTNNAT gene and the
structure of the circCTNNAT1. b The expression of circCTNNAT in CRC tumor tissues (Tumor) and adjacent normal tissues (Normal) was determined
by gRT-PCR. ¢ QRT-PCR was employed to detect the circCTNNAT expression in NCM460 cells and CRC cell lines (CACO2, LOVO, HT29, SW620 and
SW480). d RNase R assay was used to evaluate the stability of circCTNNAT in SW620 and SW480 cells. e Subcellular localization assay was performed
to confirm the distribution of circCTNNAT1 in the nuclear and cytoplasm of SW620 and SW480 cells. f, g The mRNA and protein expression levels of
CXCLS5 in CRC tumor tissues (Tumor) and adjacent normal tissues (Normal) were examined using gRT-PCR and WB analysis. h WB analysis was used
to test CXCL5 protein expression in NCM460 cells and both CRC cell lines (SW620 and SW480). i Pearson coefficient correlation was used to analyze
the correlation between circCTNNAT and CXCL5. **p <0.01, ***p <0.001

significant. Pearson coefficient correlation was used for
conducting correlation analysis.

Results

CircCTNNA1 and CXCL5 were upregulated in CRC tumor
tissues and cells

CircCTNNA1 is located on chr5:138,223,178—
138,260,399 and is formed by cyclization of exon 10-13
of CTNNAL1 gene with length of 604 bp (Fig. 1a). In the
tumor tissues of CRC, we discovered that circCTNNA1
was highly expressed compared to the adjacent normal

tissues (Fig. 1b). Moreover, circCTNNA1 expression
also was obviously increased in five CRC cell lines,
especially in SW620 and SW480 cells, compared with
that in NCM460 cells (Fig. 1c). Further analysis showed
that circCTNNA1 could effectively resist RNase R
digestion compared with linear RNA GAPDH (Fig. 1d),
and it was mainly distributed in the cytoplasm of CRC
cells (Fig. le). This indicated that circCTNNA1 was a
stable circRNA and might be mainly involved in post-
transcriptional regulation. In addition, we also discov-
ered that CXCL5 was markedly upregulated in CRC
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Fig. 2 Silencing of circCTNNAT1 suppressed CRC cell progression. a The transfection efficiencies of si-circCTNNAT#1 and si-circCTNNA1#2 were
confirmed by detecting circCTNNAT expression using gRT-PCR in SW620 and SW480 cells. b—-k SW620 and SW480 cells were transfected with si-con
or si-circCTNNAT#2. The viability, number of colonies, apoptotic rate, cell cycle, migration and invasion of cells were determined using CCK8 assay
(b, ), colony formation assay (d), flow cytometry (e-g), and transwell assay (h, i). j, k The protein expression of E-cadherin and N-cadherin was
measured using WB analysis. **p <0.01, ***p < 0.001

tumor tissues compared to adjacent normal tissues at
the mRNA and protein levels (Fig. 1f, g). Also, we found
a high expression of CXCL5 in SW620 and SW480 cells
compared to NCM460 cells (Fig. 1h). Interestingly, cor-
relation analysis showed a significant positive correla-
tion between circCTNNA1 and CXCL5 expression in
CRC tumor tissues (Fig. 1i).

Silencing of circCTNNA1 suppressed proliferation, cell

cycle, metastasis and enhanced apoptosis in CRC cells

To explore the effect of circCTNNA1 on CRC progres-
sion, the siRNA of circCTNNA1 was constructed and
transfected into CRC cells. We found that both si-
circCTNNA1#1 and si-circCTNNA1#2 significantly
reduced circCTNNAL expression in SW620 and SW480
cells (Fig. 2a), while had not effect on its linear RNA

CTNNAL expression (Additional file 1: Fig. S1A). The si-
circCTNNA1#2 was used for functional testing because
of its good inhibitory effect on circCTNNA1 expression.
CCK8 assay suggested that silenced circCTNNA1 could
inhibit the viability of SW620 and SW480 cells (Fig. 2b,
¢), and colony formation assay revealed that the num-
ber of colonies in SW620 and SW480 cells also could be
reduced by circCTNNA1 knockdown (Fig. 2d). These
evidences indicated that circCTNNAI silencing could
suppress the proliferation of CRC cells. Meanwhile,
flow cytometry assay results showed that circCTNNA1
knockdown could enhance the apoptotic rate of SW620
and SW480 cells (Fig. 2e), and induce the cell cycle arrest
in GO/G1 phase to reduce the cell number in S phase
(Fig. 2f, g). Through transwell assay, we discovered that
downregulated circCTNNAL could significantly restrain
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Fig. 3 CircCTNNAT1 acted as a sponged for miR-363-3p. a The putative binding sites of miR-363-3p in circCTNNA1 were presented. Dual-luciferase
reporter assay (b, ¢) and RNA immunoprecipitation assay (d, e) were used to verify the interaction between miR-363-3p and circCTNNAT. f The
expression of miR-363-3p in CRC tumor tissues (Tumor) and adjacent normal tissues (Normal) was tested by gRT-PCR. g QRT-PCR was used to
measure the miR-363-3p expression in NCM460 cells and both CRC cell lines (SW620 and SW480). h The correlation between miR-363-3p and
circCTNNAT was evaluated using Pearson coefficient correlation. i The transfection efficiency of circCTNNAT overexpressing vector was confirmed
by testing circCTNNAT expression in SW620 and SW480 cells. j, k SW620 and SW480 cells were transfected with vector, circCTNNAT, si-con or
si-circCTNNA1#2. The expression of miR-363-3p was measured by gRT-PCR. *p < 0.05, ***p <0.001

the migration and invasion cell numbers in SW620 and
SW480 cells (Fig. 2h, i). In addition, metastasis marker
E-cadherin protein level was markedly increased, while
N-cadherin protein level was notably decreased in the
presence of circCTNNA1 silencing (Fig. 2j, k).

CircCTNNAT1 acted as a sponge for miR-363-3p

To find the miRNAs that interacted with circCTNNAL,
bioinformatic analysis software (Starbase) was used for
prediction. The results showed that miR-363-3p had a
complementary binding site for circCTNNAL. Based on
the binding sequences, we constructed the vectors of
circCTNNA1-WT and circCTNNA1-MUT as shown in

Fig. 3a. Dual-luciferase reporter assay indicated that miR-
363-3p overexpression could reduce the luciferase activ-
ity of the circCTNNA1-WT vector, but not effect on that
of the circCTNNA1-MUT vector in SW620 and SW480
cells (Fig. 3b, c). Moreover, we also found that the enrich-
ment of circCTNNA1 and miR-363-3p in Anti-Ago2 was
significantly higher than that of in Anti-IgG through the
RNA immunoprecipitation assay (Fig. 3d, e). In CRC tis-
sues and cells, we found a significantly lower expression
of miR-363-3p (Fig. 3f, g), and we also discovered that
the expression of miR-363-3p was negatively correlated
with circCTNNAL1 expression in CRC tissues (Fig. 3h).
To further investigate the regulation of circCTNNAI1
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on miR-363-3p, the circCTNNA1 overexpressing vec-
tor was constructed. As presented in Fig. 3i, the circCT-
NNA1 overexpressing vector could obviously enhance
circCTNNALI expression in SW620 and SW480 cells. By
measuring miR-363-3p expression, we uncovered that
circCTNNA1 overexpression could significantly inhibit
miR-363-3p expression, while its knockdown had an
opposite effect in SW620 and SW480 cells (Fig. 3j, k).

MiR-363-3p inhibitor overturned the inhibition effect

of circCTNNAT1 silencing on CRC progression

To investigate whether circCTNNA1 regulated CRC pro-
gression by sponging miR-363-3p, in-miR-363-3p was
built and its transfection efficiency was confirmed by
detecting miR-363-3p expression in SW620 and SW480
cells transfected with in-miR-363-3p (Fig. 4a). Then, si-
circCTNNA1#2 and in-miR-363-3p were co-transfected
into SW620 and SW480 cells. As shown in Fig. 4b, the
inhibitory effect of si-circCTNNA1#2 on miR-363-3p
expression could be effectively reversed by in-miR-
363-3p, which further confirmed that the transfection of
the two was effective. CCK8 assay and colony formation
assay results revealed that the suppressive effect of circ-
CTNNAL silencing on the viability and the number of
colonies in SW620 and SW480 cells could be reversed by
miR-363-3p inhibitor (Fig. 4c—e). Furthermore, the pro-
moting effect of circCTNNA1 knockdown on cell apop-
totic rate and the blocking effect on cell cycle could also
be recovered by adding miR-363-3p inhibitor (Fig. 4f-h).
Additionally, the addition of miR-363-3p inhibitor also
reversed the inhibition effect of circCTNNALI silencing
on the migration and invasion of SW620 and SW480 cells
(Fig. 44, j). The detection results of E-cadherin and N-cad-
herin protein levels revealed that the increasing effect of
circCTNNA1 knockdown on E-cadherin protein level
and the decreasing effect on N-cadherin protein level
could also be reversed by miR-363-3p inhibitor (Fig. 4k,
D).

MiR-363-3p directly targeted CXCL5

Using the Targetscan online tool, we found that miR-
363-3p and CXCL5 3'UTR had complementary binding
sites (Fig. 5a). The dual-luciferase reporter assay results
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also showed that miR-363-3p could inhibit the luciferase
activity of the CXCL5 3’'UTR-WT vector without affect-
ing that of the CXCL5 3'UTR-MUT vector (Fig. 5b, c).
Further RNA immunoprecipitation assay confirmed that
miR-363-3p and CXCL5 could be significantly enriched
in Anti-Ago2 (Fig. 5d, e). These results indicated that
CXCL5 was a target of miR-363-3p. To confirm the
regulatory effects of circCTNNA1 and miR-363-3p on
CXCLS5, we detected CXCL5 protein level in SW620 and
SW480 cells co-transfected with si-circCTNNA1#2 and
in-miR-363-3p. The results showed that circCTNNA1
knockdown could inhibit CXCL5 expression, while
this effect could be reversed by miR-363-3p inhibitor
(Fig. 5f-h).

The negative regulation of miR-363-3p on CRC progression
could be reversed by CXCL5

For determining that miR-363-3p regulated CRC progres-
sion by targeting CXCL5, the rescue experiments were
carried out using miR-363-3p mimic and pcDNA CXCL5
overexpression plasmid. In the SW620 and SW480 cells
transfected with miR-363-3p mimic or pcDNA CXCL5
overexpression plasmid, the expression levels of miR-
363-3p and CXCL5 were significantly increased, indi-
cating that the transfection efficiency of both was good
(Fig. 6a, b). Subsequently, miR-363-3p mimic and pcDNA
CXCLS5 overexpression plasmid were co-transfected into
SW620 and SW480 cells. By detecting CXCL5 protein
level, we found that the inhibitory effect of miR-363-3p
on CXCLS5 level could be effectively restored by pcDNA
CXCL5 overexpression plasmid (Fig. 6¢, d). MiR-363-3p
could inhibit the viability and the number of colonies,
while promote the apoptosis and cell cycle arrest in
SW620 and SW480 cells. However, these effects could
be reversed by CXCL5 overexpression (Fig. 6e—j). Simi-
larly, the suppressive effects of miR-363-3p on the migra-
tion and invasion of SW620 and SW480 cells also were
reversed by CXCL5 overexpression (Fig. 6k, 1). Addition-
ally, miR-363-3p also promoted the E-cadherin protein
expression and reduced the N-cadherin protein expres-
sion, while CXCL5 overexpression reversed these effects
(Fig. 6m, n).

(See figure on next page.)

Fig. 4 Effects of circCTNNAT silencing and miR-363-3p inhibitor on CRC progression. a The transfection efficiency of in-miR-363-3p was verified
by detecting miR-363-3p expression using gRT-PCR in SW620 and SW480 cells. b—I SW620 and SW480 cells were transfected with si-con,
si-circCTNNAT#2, si-circCTNNAT#2 4 in-miR-con or si-circCTNNAT#2 + in-miR-363-3p. b QRT-PCR was used to measure miR-363-3p expression.
CCK8 assay (c, d), colony formation assay (e), flow cytometry (f-h), and transwell assay (i, j) were employed to determine the viability, number of
colonies, apoptotic rate, cell cycle, migration and invasion of cells. k, | WB analysis was used to examine the protein expression of E-cadherin and

N-cadherin. *p <0.05, **p <0.01, ***p <0.001
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Fig. 5 MiR-363-3p directly targeted CXCLS5. a The binding sites between CXCL5 3'UTR and miR-363-3p were exhibited. The interaction between
CXCL5 and miR-363-3p was confirmed by dual-luciferase reporter assay (b, ¢) and RNA immunoprecipitation assay (d, e). f-h SW620 and SW480
cells were transfected with si-con, si-circCTNNA1#2, si-circCTNNAT#2 4+ in-miR-con or si-circCTNNAT#2 4 in-miR-363-3p. The protein expression of
CXCL5 was detected by WB analysis. *** p<0.001

CircCTNNA1 knockdown inhibited CRC tumorigenesis

in vivo

In addition, we constructed the subcutaneous xenograft
tumors to investigate the effect of circCTNNAI1 silenc-
ing on CRC tumor growth. By subcutaneous injection
of SW620 cells transfected with sh-circCTNNA1 or
sh-con, we found that the volume and weight of subcu-
taneous xenograft tumors in mice in the circCTNNA1
knockdown group were significantly lower than those
in the control group (Fig. 7a, b). In the tumors of the sh-
circCTNNA1 group, we discovered that circCTNNA1
expression was significantly decreased and miR-363-3p
expression was markedly increased compared with that
in the control group (Fig. 7c). Moreover, the mRNA and
protein expression levels of CXCL5 were obviously hin-
dered in the sh-circCTNNA1 group compared to the sh-
con group (Fig. 7c, d). In addition, linear RNA CTNNA1

expression had not any changed in the sh-circCTNNA1
group and sh-con group, confirming that the sh-circCT-
NNAL1 did not affect the expression of CTNNA1 (Addi-
tional file 1: Fig. S1B).

Discussion

Recently, although the treatment methods have
improved, the prognosis of CRC patients has not yet
reached the ideal. Therefore, the study of new diagnos-
tic and therapeutic molecular markers is necessary to
improve the prognosis of CRC patients. Due to its high
stability, circRNA has been identified as an ideal bio-
marker for many diseases including cancer [12, 13]. With
the continuous exploration of cancer-related circRNA,
a large number of circRNA have been confirmed to be
related to the tumorigenesis of CRC. Here, the upregu-
lation of circCTNNAI1 in CRC tissues and cells also was
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Fig. 7 CircCTNNA1 knockdown inhibited CRC tumorigenesis in vivo.
SW620 cells transfected with sh-con or sh-circCTNNAT were injected
into nude mice. Tumor volume (a) and tumor weight (b) in each
group were determined. € The expression levels of circCTNNAT,
miR-363-3p and CXCL5 in the tumor tissues of each group were
detected using gRT-PCR. d The protein expression of CXCL5 in

the tumor tissues of each group was measured using WB analysis.

*p<0.05, ***p <0.001

observed in our study. Further research found that circ-
CTNNAL1 expression was stable in CRC cells and mainly
existed in the cytoplasm, which was consistent with the
circular characteristics of circRNA.

Through silencing circCTNNA1 in CRC cells, we
explored the circCTNNA1 role in CRC. Our results
revealed that circCTNNA1 knockdown restrained the
proliferation, cell cycle, migration and invasion of CRC
cells, while enhanced cell apoptosis. In vivo experiments
suggested that downregulated circCTNNA1 had a signif-
icant inhibitory effect on CRC tumorigenesis. Based on
the above results, we believed that circCTNNA1 played
a positive role in the progression of CRC, which was con-
sistent with the results of previous studies [17]. In addi-
tion, we found a significant positive correlation between
circCTNNAL1 expression and CXCL5 expression in CRC
tissues. This is an exciting discovery because CXCLS5 is a
well-known oncogenic factor. In CRC, CXCL5 had been
found to promote tumor angiogenesis [25], and serum
CXCL5 was considered to be an indicator of prognosis in
CRC patients [26]. In particular, Zhao et al. demonstrated
that CXCL5 could participate in the regulation of CRC
progression as a promoter of CRC metastasis [22].
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The ceRNA mechanism of circRNA has been con-
firmed by a large number of studies. Therefore, in order
to clarify the potential relationship between circCT-
NNA1 and CXCL5, we conducted bioinformatic analysis
to predict the miRNAs that could interact with circCT-
NNA1 and CXCL5. Combined with further experimen-
tal verification, we found that circCTNNA1 could serve
as a ceRNA of miR-363-3p, and miR-363-3p could target
CXCL5. MiR-363-3p is widely under-expressed in cancer
and is considered as a tumor suppressor in many cancers,
including renal cell carcinoma [27], lung adenocarcinoma
[28], non-small-cell lung cancer [29], and papillary thy-
roid carcinoma [30]. In the previous studies, miR-363-3p
was discovered to inhibit CRC proliferation and metas-
tasis via targeting SphK2, EZH2 and Sox4 [31-33]. In
our study, we also found a downregulated miR-363-3p in
CRC tissues and cells. Functional experiments confirmed
that circCTNNA1 regulated CRC progression via spong-
ing miR-363-3p, and miR-363-3p targeted CXCL5 to
inhibit CRC progression. In view of the positive regula-
tion of circCTNNA1 on CXCL5 expression, we proposed
that circCTNNA1 regulated the expression of the pro-
oncogenic factor CXCL5 by targeting miR-363-3p.

Conclusion

In conclusion, we proposed a new regulation network
of circCTNNA1 in CRC. Our results confirmed that
circCTNNAL1 played a pro-cancer role in CRC, which
could serve as the ceRNA of miR-363-3p to promote the
CXCL5 expression. These results provide new evidence
for circCTNNAL1 as a biomarker of CRC.
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Additional file 1: Fig. 1. The effect of siRNA or shRNA of circCTNNAT on
CTNNAT expression. (A) SW480 and SW620 cells were transfected with
si-con, si-circCTNNAT#1 or si-circCTNNA1#2. The expression of CTNNAT1
was measured by qRT-PCR. (B) SW620 cells transfected with sh-con or sh-
circCTNNAT were injected into nude mice. QRT-PCR was used to detect
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Acknowledgement
None.

Authors’ contributions

YZ and WC performed the experiments and wrote the manuscript. HH col-
lected and analyzed the data. DW designed and supervised the study. SZ
contributed the methodology. ZW and NL analyzed the data and edited the
manuscript. All authors read and approved the final manuscript.

Funding

This study was supported by Yunnan Province high-level Health and Fam-
ily planning Personnel Training Project (Yunwei Science and Education
Development [2017] No. 14) , Basic Research Joint Special General Project of
Yunnan Provincial Local Universities (part) (No.: 2018FH001-076, 2018FH001-
080) and Guangdong People’s Hospital: College Subject (N0.8197102513).


https://doi.org/10.1186/s40709-021-00135-8
https://doi.org/10.1186/s40709-021-00135-8

Zhang et al. J of Biol Res-Thessaloniki (2021) 28:7

Availability of data and materials
The data sets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate

The research was reviewed and authorized by the Ethics Committee of
Taizhou First People’s Hospital and was carried out according to the guidelines
of Declaration of Helsinki. Written informed consents were signed by each
patient enrolled in this study.The experiment was permitted by the Animal
Ethics Committee of Taizhou First People’s Hospital and performed in accord-
ance with the guidelines of the National Animal Care and Ethics Institution.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no conflicts of interest.

Author details

! Department of Gastroenterology, Taizhou First People’s Hospital,

Taizhou 318020, China. 2 Department of Gastroenterology, The Third Peo-
ple’s Hospital of Yunnan Province, Kunming 650011, China. 3 Department

of General Surgery, Taizhou First People’s Hospital, Taizhou 318020, China.

4 Department of Gastrointestinal Surgery, Guangdong Academy of Medical
Sciences, School of Medicine, Guangdong Provincial People’s Hospital, South
China University of Technology, No. 106 Zhongshan 2nd Road, Yuexiu District,
Guangzhou 510000, China.

Received: 18 November 2020 Accepted: 2 February 2021
Published online: 27 February 2021

References

1. Brody H. Colorectal cancer. Nature. 2015;521(7551):S1.

2. Siegel RL, Miller KD, Fedewa SA, Ahnen DJ, Meester RGS, Barzi A, et al.
Colorectal cancer statistics, 2017. CA Cancer J Clin. 2017,67(3):177-93.

3. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Cancer J Clin.
2019;,69(1):7-34.

4. Yiu AJ,Yiu CY. Biomarkers in Colorectal Cancer. Anticancer Res.
2016;36(3):1093-102.

5. Lech G, Slotwinski R, Slodkowski M, Krasnodebski IW. Colorectal cancer
tumour markers and biomarkers: Recent therapeutic advances. World J
Gastroenterol. 2016;22(5):1745-55.

6. Piawah S, Venook AP. Targeted therapy for colorectal cancer metastases:
A review of current methods of molecularly targeted therapy and the
use of tumor biomarkers in the treatment of metastatic colorectal cancer.
Cancer. 2019;125(23):4139-47.

7. Lieu CH, Corcoran RB, Overman MJ. Integrating biomarkers and targeted
therapy into colorectal cancer management. Am Soc Clin Oncol Educ
Book. 2019;39:207-15.

8. Salzman J, Circular RNA. Expression: its potential regulation and function.
Trends Genet. 2016;32(5):309-16.

9. Hsiao KY, Sun HS, Tsai SJ. Circular RNA - New member of noncoding RNA
with novel functions. Exp Biol Med (Maywood). 2017;242(11):1136-41.

10. Patop IL, Kadener S. circRNAs in Cancer. Curr Opin Genet Dev.
2018;48:121-7.

11. Zhang Z,Yang T, Xiao J. Circular RNAs: Promising Biomarkers for Human
Diseases. EBioMedicine. 2018;34:267-74.

12. Zhang HD, Jiang LH, Sun DW, Hou JC, Ji ZL. CircRNA: a novel type of
biomarker for cancer. Breast Cancer. 2018;25(1):1-7.

13. Wang M, Yang Y, Xu J, Bai W, Ren X, Wu H. CircRNAs as biomarkers of
cancer: a meta-analysis. BMC Cancer. 2018;18(1):303.

14. Bian L, Zhi X, Ma L, Zhang J, Chen P, Sun S, et al. Hsa_circRNA_103809
regulated the cell proliferation and migration in colorectal can-
cer via miR-532-3p / FOXO4 axis. Biochem Biophys Res Commun.
2018;505(2):346-52.

15. Fang G, Ye BL, Hu BR, Ruan XJ, Shi YX. CircRNA_100290 promotes colo-
rectal cancer progression through miR-516b-induced downregulation
of FZD4 expression and Wnt/B-catenin signaling. Biochem Biophys Res
Commun. 2018;504(1):184-9.

Page 12 of 12

16. Wu L, Xia J, Yang J, ShiY, Xia H, Xiang X, et al. Circ-ZNF609 promotes
migration of colorectal cancer by inhibiting Gli1 expression via micro-
RNA-150. J BUON. 2018;23(5):1343-9.

17. Chen P, YaoY,Yang N, Gong L, Kong Y, Wu A. Circular RNA circCTNNAT
promotes colorectal cancer progression by sponging miR-149-5p and
regulating FOXM1 expression. Cell Death Dis. 2020;11(7):557.

18. Zhou SL, Zhou ZJ, Hu ZQ, Li X, Huang XW, Wang Z, et al. CXCR2/

CXCL5 axis contributes to epithelial-mesenchymal transition of HCC
cells through activating PI3K/Akt/GSK-33/Snail signaling. Cancer Lett.
2015;358(2):124-35.

19. CuiD, ZhaoY, Xu J. Activation of CXCL5-CXCR2 axis promotes prolif-
eration and accelerates G1 to S phase transition of papillary thyroid
carcinoma cells and activates JNK and p38 pathways. Cancer Biol Ther.
2019;20(5):608-16.

20. Feng X, Zhang D, Li X, Ma S, Zhang C, Wang J, et al. CXCL5, the upregu-
lated chemokine in patients with uterine cervix cancer, in vivo and
in vitro contributes to oncogenic potential of Hela uterine cervix cancer
cells. Biomed Pharmacother. 2018;107:1496-504.

21. Zhang W, Wang H, Sun M, Deng X, Wu X, Ma'Y, et al. CXCL5/CXCR2 axis in
tumor microenvironment as potential diagnostic biomarker and thera-
peutic target. Cancer Commun (Lond). 2020;40(2-3):69-80.

22. Zhao J,0u B, Han D, Wang P, Zong Y, Zhu C, et al. Tumor-derived CXCL5
promotes human colorectal cancer metastasis through activation of
the ERK/EIk-1/Snail and AKT/GSK3[/B-catenin pathways. Mol Cancer.
2017;16(1):70.

23. YuJ,Yang M, Zhou B, Luo J, Zhang Z, Zhang W, et al. CircRNA-104718 acts
as competing endogenous RNA and promotes hepatocellular carcinoma
progression through microRNA-218-5p/TXNDCS5 signaling pathway. Clin
Sci. 2019;133(13):1487-503.

24. Cheng Z, Yu C, Cui S, Wang H, Jin H,Wang C, et al. circTP63 functions
as a ceRNA to promote lung squamous cell carcinoma progression by
upregulating FOXM1. Nat Commun. 2019;10(1):3200.

25. Chen C, Xu ZQ, Zong YP, Ou BC, Shen XH, Feng H, et al. CXCLS5 induces
tumor angiogenesis via enhancing the expression of FOXD1 mediated
by the AKT/NF-kappaB pathway in colorectal cancer. Cell Death Dis.
2019;10(3):178.

26. Kawamura M, Toiyama 'Y, Tanaka K, Saigusa S, Okugawa Y, Hiro J, et al.
CXCL5, a promoter of cell proliferation, migration and invasion, is a novel
serum prognostic marker in patients with colorectal cancer. Eur J Cancer.
2012,48(14):2244-51.

27. LiWZ, ZouY, Song ZY, Wei ZW, Chen G, Cai QL, et al. Long non-coding
RNA SNHGS affects the invasion and apoptosis of renal cell carcinoma
by regulating the miR-363-3p-Twist1 interaction. Am J Trans| Res.
2020;12(2):697-707.

28. Rong H, Chen B, Wei X, Peng J, Ma K, Duan S, et al. Long non-coding RNA
XIST expedites lung adenocarcinoma progression through upregu-
lating MDM2 expression via binding to miR-363-3p. Thorac Cancer.
2020;11(3):659-71.

29. Chang J, Gao F, Chu H, Lou L, Wang H, Chen Y. miR-363-3p inhibits
migration, invasion, and epithelial-mesenchymal transition by target-
ing NEDD9 and SOX4 in non-small-cell lung cancer. J Cell Physiol.
2020;235(2):1808-20.

30. PanY,Zhu X, Wang K, Chen Y. MicroRNA-363-3p suppresses anoikis resist-
ance in human papillary thyroid carcinoma via targeting integrin alpha 6.
Acta Biochim Biophys Sin (Shanghai). 2019;51(8):807-13.

31. HuF, MinJ,Cao X, Liu L, Ge Z, Hu J, et al. MiR-363-3p inhibits the
epithelial-to-mesenchymal transition and suppresses metastasis in
colorectal cancer by targeting Sox4. Biochem Biophys Res Commun.
2016;474(1):35-42.

32. Dong J, Geng J, Tan W. MiR-363-3p suppresses tumor growth and metas-
tasis of colorectal cancer via targeting SphK2. Biomed Pharmacother.
2018;105:922-31.

33, Xie JJ, LiWH, Li X, Ye W, Shao CF. LncRNA MALAT1 promotes colorectal
cancer development by sponging miR-363-3p to regulate EZH2 expres-
sion. J Biol Regul Homeost Agents. 2019;33(2):331-43.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	CircCTNNA1 acts as a ceRNA for miR-363-3p to facilitate the progression of colorectal cancer by promoting CXCL5 expression
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Patient samples
	Cell culture
	Quantitative real-time PCR (qRT-PCR)
	Stability and localization of circRNA
	Western blot (WB) analysis
	Cell transfection
	Cell counting kit 8 (CCK8) assay
	Colony formation assay
	Transwell assay
	Flow cytometry
	Dual-luciferase reporter assay
	RNA immunoprecipitation assay
	Animal study
	Statistical analysis

	Results
	CircCTNNA1 and CXCL5 were upregulated in CRC tumor tissues and cells
	Silencing of circCTNNA1 suppressed proliferation, cell cycle, metastasis and enhanced apoptosis in CRC cells
	CircCTNNA1 acted as a sponge for miR-363-3p
	MiR-363-3p inhibitor overturned the inhibition effect of circCTNNA1 silencing on CRC progression
	MiR-363-3p directly targeted CXCL5
	The negative regulation of miR-363-3p on CRC progression could be reversed by CXCL5
	CircCTNNA1 knockdown inhibited CRC tumorigenesis in vivo

	Discussion
	Conclusion
	Acknowledgement
	References




