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Background: Increasing evidence shows that circular RNAs (circRNAs) play a key role in
the development of colorectal cancer (CRC). An interesting candidate RNA in this context is
hsa-circRNA-0067835 (circIFT80), but its network of actions is still unclear.

Methods: Big data mining technology was used to explore the downstream microRNAs
(miRNA) and messenger RNAs (mRNA) of the circIFT80 network. A regulatory network,
comprising circIFT80 and its corresponding miRNAs and mRNAs, was derived to prelimi-
narily explore the potential mechanism of circIFT80 in CRC. Finally, the proposed regula-
tory network was experimentally verified at the cellular level.

Results: A total of 6 miRNAs were screened, of which hsa-miR-197-3p, hsa-miR-370-3p
and hsa-miR-377-5p may be the most potential downstream miRNAs of hsa-circRNA
-0067835 in CRC. A total of 74 up-regulated genes with opposite miRNA expression were
selected for subsequent verification. Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) databases revealed that the target genes occurred more frequently in
cancer-related pathways. In addition, protein—protein interaction (PPI) analysis of the target
genes revealed a set of involved genes from which the hubTop 10 genes were selected for
further analysis. Moreover, circRNA-miRNA-hubTop 10 mRNA networks were constructed.
According to this analysis, circIFT80 simultaneously regulates hsa-miR-197-3p, hsa-miR
-370-3p, and hsa-miR-377-5p, among which hsa-miR-370-3p seems to be associated with
further genes that may be relevant to CRC development. Therefore, the proposed circIFT80/
hsa-miR-370-3p/WNT7B, SLC1AS5, RCBTB1 and COL6A6 signal axes were subjected to
experimental verification. It could be shown that circIFT80 was up-regulated in CRC tissues.
The circIFT80 was able to inhibit apoptosis and promote proliferation, migration and
invasion. Moreover, circlFT80 inhibited the expression of hsa-miR-370-3p and promoted
the expression of COL6A6, RCBTB1, SLC1IAS5 and WNT7B in CRC cell lines. Dual
luciferase reporter assays further validated that circIFT80 is able to bind to hsa-miR-370-
3p which in turn targets WNT7B.

Conclusion: The circIFT80 may play a role in carcinogenesis through the new circIFT80/
hsa-miR-370-3p/WNT7B signal axis. These findings may provide potential biomarkers and
therapeutic targets for the treatment of CRC.
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Introduction
Colorectal cancer (CRC) is the third most common multiple tumor worldwide while
at the same time being one of the most common malignant ones in the digestive

system.! According to the American Cancer Society, in 2018, 140,250 new cases of

Received: 13 May 2021
Accepted: 19 August 2021
Published: 31 August 2021

OncoTargets and Therapy 2021:14 4645—4658 4645
© 2021 Liu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
v No

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0001-9332-1062
mailto:drliuning@hainmc.edu.cn
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Liu et al

Dove

CRC were diagnosed in the United States, of which 75,610
were men and 64,640 were women; associated with this
were 50,630 deaths of which 27,390 and 23,240 were
males and females, respectively. The morbidity and mor-
tality rate ranked third among all types of cancers.” At
present, the treatment of CRC is still based on surgery,
supplemented by radiotherapy and chemotherapy.
However, due to the fact that clinical symptoms are rarely
detected in early stages, most of the patients get diagnosed
in late stages of the disease. These patients have lost not
only the opportunity of surgical cure but worse, che-
motherapy is not as effective as necessary, leading to an
overall poor prognosis. Therefore, the study of the under-
lying molecular mechanisms of CRC development and
identifying effective targets for the treatment of CRC is
of the highest interest.

With the development of high-throughput sequencing
technologies, enabling large-scale sequencing of a wide
range of cancer types, including CRC, it has been shown
that almost all cancers display a large number of abnor-
mally expressed RNA molecules at the transcriptome
level®>* A gene expression network system, comprising
messenger RNA (mRNA), microRNA (miRNA), long
noncoding RNA (IncRNA) and circular RNA (circRNA),
plays an important role in the development of CRC
through the complex interaction of its constituents.
Analyzing the interaction of relevant mRNAs and non-
coding RNA (ncRNA), and their changes in expression
levels are therefore of prime importance for the elucidation
of the molecular mechanisms leading to CRC formation.
At the same time, this strategy may lead to a more reliable
diagnosis by the identification of relevant prognostic mar-
kers and therefore to new potential therapeutic targets.

CircRNAs are a new type of endogenous ncRNA mole-
cules with a closed loop structure.” Compared to linear
RNAs, circRNA has no 5'-end cap or 3’-polyadenylate tail
structure, but instead forms a covalently closed loop struc-
ture that is resistant to exonuclease digestion, such as that
of RNase R, leading to an extreme stability of this type of
molecule.® In 2011, Salmena et al proposed a competitive
endogenous RNA (ceRNA) hypothesis in which ncRNAs
can actively regulate the expression of mRNA through
competitive binding to shared miRNAs.” In line with
these findings, recent studies have shown that circRNAs
increase the expression of oncogenes or tumor suppressor
genes through ceRNA mechanisms and thus likely parti-
cipate in the development of tumors. Moreover, it was
shown that hsa-circRNA-0067835 (circIFT80) gene

knockout can enhance the radiosensitivity of CRC through
the miR-296-5p/IGFIR axis.® CircIFT80 also promotes
the progression of CRC through the miR-1236-3p/
HOXB?7 axis.” In summary, it shows that circIFT80 plays
an important role in the tumor progression of CRC.
Inhibition of circIFT80 may be a potential treatment strat-
egy for CRC. However, the downstream regulatory
mechanism of circIFT80 in CRC still needs further
investigation.

In this study, we identified and analyzed the circIFT80-
miRNA-mRNA regulatory network through bioinformatics
analysis. The regulatory network of circIFT80 comprises
hsa-miR-370-3p/WNT7B, SLCI1AS, RCBTB1 and
COL6A6. In addition, we could show that circIFT80 is
highly expressed in CRC tissues and cells, and circIFT80
can inhibit apoptosis and promote proliferation, migration
and invasion. In CRC cell lines, circIFT80 inhibits the
expression of hsa-miR-370-3p and promotes the expression
of COL6A6, RCBTBI, SLC1AS and WNT7B. The experi-
ments further revealed the binding effect of circIFT80, to
hsa-miR-370-3p, and WNT7B, confirming that circIFT80
can be used as a sponge for hsa-miR-370-3p to regulate
the expression of WNT7B. The findings of this work may
provide new insights into the pathogenesis of CRC.

Materials and Methods

Sequencing Data Collection

As the most authoritative cancer gene information database,
The Cancer Genome Atlas (TCGA) (https://portal.gdc.can
cer.gov/) database covers 33 cancer types, contains more

than 30,000 tumor samples and 20,000 gene expression
information. In this study, the gdc-client tool was used to
download the RNA-seq and miRNA-seq data of CRC from
the TCGA database. The RNA-seq data included 41 normal
and 480 tumor samples, whereas the miRNA-seq data
included 33 normal and 546 tumor samples.

Analysis of Differentially Expressed
miRNA and mRNA

Differential expression analysis was performed using the
DEM Limma package (linear models for microarray data)
under R to analyze the expression differences between
miRNAs and mRNAs, as well as to reveal differentially
expressed miRNAs (DEMs) and finally, differentially
expressed genes (DEGs) when comparing CRC tissues
and normal tissues. The significance level was set to
p<0.05 and [log2FC[>1 to identify DEMs and DEGs."’
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Prediction of circRNA Binding miRNAs

and Determination of miRNA
Circular RNA Interactome (CircInteractome, https://circin
teractome.nia.nih.gov/)'' which is based on the human

circRNA sequence included in CircBase (http://www.cir
cbase.org) was used for the prediction of circRNA binding
to miRNAs. The downstream function prediction analysis
of circRNA was emphasized, including the prediction of
circRNA binding miRNA and possible binding of down-
stream proteins, which can be used for circRNA molecular
retrieval, PCR primer design, RNA knockdown sequence
design and more. In this study, the database was used to
predict the miRNA binding to circIFT80. Cytoscape 3.7.2
software (https://cytoscape.org/) was used to visualize the
prediction results. The circIFT80 targeting miRNA, the final
miRNA of this study, was intersected with the DEMs
obtained from the sequencing data.

Prediction of miRNA Target Genes and

Determination of mRNA

For the prediction of miRNA target genes and the deter-
mination of mRNAs, several software tools have been
used: the DIANA-microT (http://microrna.gr/microT) soft-
ware is a miRNA target gene prediction tool developed

based on experimental and computational biology meth-
ods; miRanda (http://www.microrna.org/microrna/home.

do) was the first miRNA target gene prediction software
developed in May 2003, has a wide range of applications
and is not restricted to a single species; PicTar (http://
pictar.mdc-berlin.de/) uses custom calculation rules to

identify the target of miRNAs; TargetScan (http:/www.
targetscan.org/) predicts target genes by searching for con-
served 8mer and 7mer sites that match each miRNA seed
region. In this study, DIANA-microT, miRanda, PicTar
and TargetScan were used to predict miRNA target
genes, and the target genes predicted by each tool were
taken as the intersection.'” The target gene corresponding
to the miRNA intersects with DEGs obtained by sequen-
cing, leading to the final target gene for research.

Functional Enrichment Analysis of Target
Genes Using Gene Ontology (GO) and
Kyoto Encyclopedia of Genes and
Genomes (KEGG)

The GO database divides the function of genes into three
parts: cell component (CC), molecular function (MF), and

biological process (BP). By employing the GO database,
we determined which of our target genes were mainly
related to the CC, MF and BP levels. The KEGG database,
in addition to the annotation of gene function, moreover
delivers information about which genes will likely partici-
pate in all pathways of the human body. In our study, we
used the R language ClusterProfiler package to analyze
GO and KEGG functional enrichment of target genes.'>

Protein—Protein Interaction (PPI) Analysis

of Target Genes and Hub Gene Screening
The String database (https://string-db) was used to conduct
protein—protein interaction (PPI) analysis on the target
genes. The data was then imported into Cytoscape 3.7.2
software to visualize the network diagram. The
CytohHubba plug-in of Cytoscape 3.7.2 software was

used to screen the top 10 genes in the network.

Network Mapping of circRNA-miRNA-
Gene and circRNA-miRNA-Hub Gene

The data were imported into Cytoscape 3.7.2 software and
the “Merge” function was used to construct a circRNA-
miRNA-gene and a circRNA-miRNA-hub gene net-
work map.

Cell Lines and Human Tissues

Normal human colonic epithelial cells HcoEpic and
human CRC cell lines HT-29 and SW480 were purchased
from the American Type Culture Collection (ATCC;
Manassas, VA, USA). The HT-29 and SW480 cell lines
were cultured in RPMI-1640 culture medium (Gibco;
Thermo Fisher Scientific, Inc., Waltham, MA, USA) con-
taining 100U/mL penicillin (Gibco), 100pug/mL streptomy-
cin (Gibco) and 10% fetal bovine serum (FBS; Gibco);
human normal colonic epithelial cells were cultured in
Dulbecco’s modified eagle medium (DMEM) (Invitrogen;
Thermo Fisher Scientific, Inc.) containing 10% FBS. The
cells were cultured under standard conditions in an incu-
bator (37°C, 5% CO,). Eighteen cases of CRC and corre-
sponding paracancerous tissues were extracted from CRC
patient tissues resected by gastrointestinal surgery at
Hainan General Hospital. The clinical specimens were
diagnosed by at least three pathologists. All patients
signed the informed consent form and the procedures of
this Ethics
Management Committee of Hainan General Hospital
(Med-Eth-Re [2020] 199).

study were approved by the Clinical
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Cell Transfection

The cells were inoculated in 6-well plates with 5.0x10°
cells per well and incubated at 37°C and 5% CO, for 24
hours. Sequence transfection was carried out in strict accor-
dance with the instructions of the lipofectamine™2000
transfection kit (Invitrogen; Thermo Fisher Scientific, Inc.)
for 48 h.

Apoptosis Detection by Flow Cytometry
Annexin V-FITC/PI apoptosis detection kit (Abcam,
ab14085) was used to detect apoptosis. The treated cells
were cultured for 48 h. After this, the cells were collected,
washed twice with PBS
suspended in 200 pL binding buffer, mixed gently with
10 pL Annexin V-FITC and 5 pL PI, and incubated at
room temperature for 15 min protected from light. After
this, 300 pL binding buffer was added to the samples.
Apoptosis was detected by flow cytometry (FACS

solution, centrifuged, re-

Calibur; BD Biosciences) at 488 nm. The experiment
was repeated three times.

Wound Healing Assay

After a culture period of 24 h, the cell density reached
about 90%. Then, the head of a sterilizing gun was
scratched perpendicular to the horizontal line behind the
ruler. The cells were washed twice with 1xPBS and 2%
serum containing medium was added to continue the cul-
ture. The culture was placed in the same observation
position, and the migration of cells was observed by
microscope (Nikon, New York, USA) at 0 and 48 h.

Cell Counting Kit-8 (CCK-8) Assay

CCK-8 kit (Dojindo molecular technologies, Inc.) was
used to identify the number of living cells. After 48
hours of transfection and culture, the cells of each group
were collected and counted: 5x10* cells were inoculated in
a 96-well plate and cultured in an incubator. 20 uL. CCK-8
solution was added to each well at 24 h, 48 h, 72 h and 96
h. The culture was terminated after a 4 h incubation period
and the optical density (OD) values of each well were was
measured with an enzyme immunoassay analyser (Thermo
Fisher Scientific, Shanghai, China).

Transwell Assay

The transwell assay was performed as described by Li.'* 48
h after transfection, the cells were re-suspended in serum-
free RPMI-1640 medium. 50 pL Matrigel (Becton-

Dickinson, CA, USA) was added to the upper chamber
and air-dried at room temperature for 4 h. The cell suspen-
sion with a cell density of 3x10°/mL was added to the upper
chamber of a 24-well transwell chamber. The lower trans-
well chamber was supplemented with 500 pL. RPMI-1640
medium containing 10% FBS per well, placed in an incu-
bator for 24 h, afterwards washed twice with PBS, and
treated with methanol for 10 min, followed by a Wright-
Giemsa staining. The fibrous membrane of the insert was
removed and sealed. Six random visual fields of cells in each
group were photographed and counted under the inverted
phase-contrast microscope (Olympus Corporation).

Dual Luciferase Reporter Assay

The reporter vector constructs used comprised the follow-
ing vectors: pmirGLO-negative control (NC), pmirGLO-
WNT7B-wild-type (wt), pmirGLO-WNT7B-mutant (mut),
pmirGLO-circIFT80-wt and  pmirGLO-circIFT80-mut
plasmids, synthetic miR-NC mimics or hsa-miR-370-3p
mimics (Sangon Biotech Co., Ltd. Shanghai, China). For
transfection, 70-80% confluent 293T cells were co-
transfected with reporter plasmids miR-NC mimics or hsa-
2000
(Invitrogen; Thermo Fisher Scientific, Inc.). 24 h after

miR-370-3p mimics using Lipofectamine®
transfection, the relative firefly luciferase activity was
detected using a Dual-Glo Luciferase Reporter assay sys-
tem (Promega, USA).

Western Blotting

Total protein was extracted from the cells using RIPA lysis
buffer (Beyotime Ltd., Beijing, China), quantified using
a BCA protein assay kit (Bio-Rad Laboratories, Hercules,
USA) and separated via a 12% SDS-PAGE (NuPAGE;
Invitrogen; Thermo Fisher Scientific, Inc.). The separated
proteins were subsequently transferred onto a PVDF mem-
brane (Whatman plc; GE Healthcare Life Sciences) and
blocked with 5% non-fat dry milk powder (Merck KGaA)
at room temperature for 2 h. The PVDF membrane was then
incubated with RCBTBI1 (1:1000, Immunoway, YT(0974),
SLC1AS5 (1:1000, Immunoway, YT7482), WNT7B (1:1000,
Immunoway, YNO0288) and Tubulin (1:5000, Abcam,
ab7291) primary antibodies at 4°C overnight. Following
the primary antibody incubation, the membranes were
washed with TBS-Tween 20 three times and incubated
with a goat anti-rabbit secondary antibody (1:3000, Bioss,
Beijing China) for 2 h at room temperature. Protein bands
were visualized using a chemiluminescence reagent on a gel
imaging system. The gray value of the target protein was
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normalized to the gray value of the internal reference pro-
tein. Tubulin and the data are presented as the relative
content of the target protein in a sample.

RNA Extraction and Quantitative RT-PCR
(gRT-PCR)

Total RNA was extracted from cells and human tissues by
TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc).
According to the PrimeScript RT reagent kit (Takara,
Japan) instructions, the total RNA was reverse transcribed
into cDNA. The synthesized cDNA was detected by qRT-
PCR with the Fast SYBR Green PCR kit (Biosharp, Inc)
and an ABI PRISM 7300 RT-PCR system (Model:
ABI7300, Applied Biosystems; Thermo Fisher Scientific,
Inc.). U6 and GAPDH were used as internal references.
The relative expression of each gene was calculated by the

relative quantitation method (24"

). The experiment was
repeated three times. Primer 5 web software (version
4.0.0) was used to design the following primers for the

gPCR. The primer sequences are shown in Table 1.

Statistical Analysis

The data were analyzed using SPSS 17.0 statistical software
(IBM Corporation). Three independent experiments were
performed, and the data are presented as the mean + standard
deviation. The unpaired Student’s #-test was applied for
comparing two groups, and the one-way analysis of variance
(ANOVA) was applied for comparing multiple groups.
**p<0.01, *p<0.05 indicates a significant difference.

Results

Screening of DEMs and DEGs in CRC

The sequencing data of CRC miRNA and mRNA were
downloaded from TCGA database and the screening criteria
were set at [log2FC[>1 and p<0.05. 402 DEMs were obtained
of which 135 were up-regulated and 267 were down

Table | Primer Sequences

regulated (Figure 1A and B). 8738 DEGs were obtained of
which 5430 were up-regulated and 3308 were down regu-
lated (Figure 1C and D).

Prediction of Hsa-circRNA-0067835
Binding miRNA
The hsa-circRNA-0067835 binding miRNAs were chosen
according to predictions calculated by the Circinteractome
database. A total of 34 target miRNAs were obtained.
The targeting relationship can be seen in Figure 2A. The
intersection of the hsa-circRNA-0067835 binding miRNA, the
DEMs of the sequencing data and a total of 6 DEMs were
obtained. Of these, 3 were up-regulated (hsa-miR-136-5p, hsa-
miR-186-5p, hsa-miR-577) and 3 down-regulated (hsa-miR
-197-3p, hsa-miR-370-3p, hsa-miR-377-5p) (Figure 2B and
C). We used the StarBase database to verify the expression
levels of 6 DEMs. The results showed that the miRNA expres-
sion levels were consistent with previous analysis results
(Figure 2D-I). Since circRNA is negatively correlated with
miRNA, an upregulation of hsa-circRNA-0067835 in CRC
should result in a down-regulation of its targeted miRNA.
Therefore, hsa-circRNA-0067835/ hsa-miR-197-3p, hsa-miR
-370-3p, and hsa-miR-377-5p signal axes were determined.

Identification of miRNA Downstream
Target Genes and Target Gene

Enrichment Analysis

For the prediction of the target genes of hsa-miR-197-3p, hsa-
miR-370-3p, and hsa-miR-377-5p, we employed the DIANA,
miRanda, PicTar and TargetScan databases. A total of 713
overlapping results were obtained. Of these, 156 genes were
obtained after intersecting the differential mRNAs screened
with the mRNA sequencing data. Among them, 74 were up-
regulated and 82 were down-regulated genes (Figure 3A and
C) Since miRNA and mRNA are inversely correlated, the 74
up-regulated genes with the opposite expression of miRNA

Gene Forward (5'—3’) Reverse (5'—3’)
circlFT80 CCGCCCACTGTACAATTCAC TCTTCAGCAGTAGTCCAGCC
miR-370-5p CAGGUCACGUCUCUGCAGUUAC GTGCGTGTCGTGGAGTCG
COL6A6 ACCCAACCGAGTTGGTGTTT CGCATTGCTCTGCCAATCTC
RCBTBI CCTCCTCTTCGCTGCCG CCACTTTCCGACATCCACCA
SLCIAS CTCCAGCCCTCGGGAGTAAA CGGATAAGCAGCTCCCCTTC
WNT7B GACAAGTGCGGACACATTGG CTGTGCATGATCCAGGGAGG
ué CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT
GAPDH GAAAGCCTGCCGGTGACTA AGGGATCTCGCTCCTGGAAG
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Figure | Identification of candidate DEMs and DEGs associated with progression of CRC; (A) The volcano plot of DEMs between tumor and normal tissue; (B) The heat
map of DEMs; (C) The volcano plot of DEGs between tumor and normal tissue; (D) The heat map of DEGs.

were selected for subsequent verification. R language cluster
profiler was used to analyze the GO and KEGG enrichment of
these genes. GO analysis showed that these genes were not
enriched in CC; however, BP was mainly enriched in Eye
development, visual system development and sensory system
development; MF was mainly enriched in ligand-gated ion
channel activity, ligand-gated channel activity and extracellu-
lar matrix structural constituent conferring tensile strength
(Figure 3B); KEGG analysis showed that these genes were
mainly enriched in signal pathways such as protein digestion
and absorption, primary bile acid biosynthesis, and ECM-
receptor interaction (Figure 3D).

Hub Gene Screening and Enrichment
Analysis

Using a combination of String+Cytoscape results to visualize
the target gene PPI network diagram (Figure 4A), the
cytohHubba plug-in revealed the Top 10 hub genes, namely
ITGB8, COL5A1, COL4A1, COL6A6, WNT7B, MYC,
SLC1AS, TEAD4, RCBTBI1 and CDCA?2 (Figure 4B). Next,
R language cluster profiler was used for GO and KEGG
enrichment analysis of the Top 10 hub genes. The GO analysis
showed that the genes were not enriched in CC and MF.
However, BP was mainly enriched in renal tubule develop-
ment, connective tissue development, and urogenital system
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Figure 2 Hsa-circRNA-0067835-miRNA network diagram and identification of potential miRNAs bound by hsa-circRNA-0067835 in CRC. (A) Hsa-circRNA-0067835-
miRNA network diagram; (B) Down-regulated miRNA Venn diagram; (C) Up-regulated miRNA Venn diagram; (D) Expression level of hsa-miR-136-5p; (E) Expression level
of hsa-miR-186-5p; (F) Expression level of hsa-miR-577; (G) Expression level of hsa-miR-197-3p; (H) Expression level of hsa-miR-370-3p; (I) Expression level of hsa-miR

-377-5p. p<0.05, CRC vs control.

development (Figure 4C). The KEGG analysis revealed that
the genes were mainly enriched in signaling pathways related
to cancer such as protein digestion and absorption, ECM-
receptor interaction, human papillomavirus infection, the
PI3K-Akt signaling pathway and Hippo signaling pathway

(Figure 4D).

CircRNA-miRNA-mRNA Network

Diagram Construction

We have constructed the circRNA-miRNA-mRNA and
the circRNA-miRNA-Top10 hubgene network diagram.
From the target gene network diagram, it is obvious that
hsa-miR-370-3p connect to more genes, which may be
a more important miRNA downstream of hsa-circRNA
-0067835 (Figure 5A). The ToplO hubgene network

diagram of circRNA-miRNA-hubTOP10 shows that hsa-
circRNA-0067835 simultaneously regulates hsa-miR
-197-3p, hsa-miR-370-3p, hsa-miR-377-5p, and that its
downstream hsa-miR-370-3p can simultaneously regu-
late WNT7B, SLC1AS, RCBTB1 and COL6A6 genes
(Figure 5B). Therefore, we decided to select the hsa-
circRNA-0067835/hsa-miR-370-3p/WNT7B, SLCI1AS,
RCBTB1 and COL6A6 signal axes for experimental
verification.

The Expression Levels of circlFT80 and
Its Effect on Proliferation, Apoptosis,

Migration, and Invasion of CRC Cell Lines
QRT-PCR analysis not only detected the expression of
circIFT80 in normal and cancer tissues as well as in cell
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analysis.

lines but also showed that circIFT80 was significantly up-
regulated (Figure 6A and B). Cell function experiments
further verified the effect of circIFT80 on SW480 cells. In
our study, we overexpressed and knockdown with
circIFT80. The results of the wound healing assay showed
that the overexpression of circIFT80 significantly
increased the healing rate of SW480 cells, and the knock-
down of circIFT80 significantly reduced the healing rate of
the cells (Figure 6C and D). Transwell experiment results
showed that overexpression of circIFT80 significantly pro-
moted the invasiveness of SW480 cells, whereas the
knockdown of circIFT80 inhibited invasiveness
(Figure 6E and F). The CCK-8 assay results showed that
the overexpression of circIFT80 significantly promoted the
proliferation of SW480 cells and the knockdown of
circIFT80  inhibited = SW480
(Figure 6G). The results of the apoptosis experiments

cell  proliferation

showed that the overexpression of circIFT80 decreased
and the knockdown of circIFT80 increased the apoptosis
rate of these cells, respectively (Figure 6H and I). The
above experimental results show that circIFT80 was able
to inhibit apoptosis and promote SW480 cell proliferation,
migration, and invasion.

The Effect of circIFT80 on the Expression
Levels of circlFT80, Hsa-miR-370-3p,
COL6A6, RCBTBI, SLCIAS and
WNT7B in SW480 Cells and circIFT80
Upregulates WNT7B Expression via
Sponging Hsa-miR-370-3p

QRT-PCR results showed that after overexpression of

circIFT80 in SW480 cells, circIFT80, COL6A6, RCBTBI,
SLCIAS, WNT7B mRNA were significantly up-regulated
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and hsa-miR-370-3p was significantly down-regulated.
Moreover, after knockdown with circIFT80, hsa-miR-370-
3p was significantly up-regulated, as well as circIFTS80,
COL6A6, RCBTBI1, SLC1AS, WNT7B mRNA was signifi-
cantly down-regulated (Figure 7A—F). Western blot results
showed that overexpression of circIFT80 increased the pro-
tein expression levels of RCBTB1, SLC1AS5, and WNT7B;
knockdown of circIFT80 inhibits the protein expression
levels of RCBTBI1, SLC1AS, and WNT7B (Figure 7G and
H). Experimental results showed that circIFT80 was nega-
tively correlated with hsa-miR-370-3p but was positively
correlated with target genes COL6A6, RCBTB1, SLC1AS,
and WNT7B. In order to further verify the regulatory effect
of circIFT80 on its downstream miRNA and mRNA, we
selected the circIFT80/hsa-miR-370-3p/WNT7B axis that
we are more interested in for verification experiments.
Bioinformatics analysis identified 14 complementary base
pairings  between  hsa-miR-370-3p circIFT80
(Figure 71). Similarly, complementary base pairings were
also identified between hsa-miR-370-3p and WNT7B

and

(Figure 7J). Dual luciferase reporter assay results revealed
that circIFT80 can target hsa-miR-370-3p, and hsa-miR-370-
3p can in turn target WNT7B. These findings suggested that
circ[FT80 may reduce the degradation of WNT7B mRNA by
sponging hsa-miR-370-3p, thereby exerting a regulatory role
over WNT7B (Figure 7K and L).

Discussion

An increasing number of studies show that circRNA plays
a vital role in the occurrence and development of CRC. Hsa-
circRNA-103809 regulates the proliferation and migration of
CRC cells through the miR-532-3p/FOX04 axis."
CircRNA-100290 down-regulates FZD4 expression and
Whnt/B-catenin signaling pathway through miR-516b result-
ing in a promotion of CRC progression.'® CircMBOAT? is
a new tumor marker that regulates the proliferation/migration
of CRC by regulating miR-519d-3p."” Although some stu-
dies have reported the construction of circRNA-miRNA-
mRNA regulatory network in CRC,'® the understanding of
circRNA-related ceRNA regulatory networks in CRC is not
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sufficient and further research is needed to reveal the expres-
sion of circRNA and its mechanisms.

In this study, we focused on circIFT80 and explored its
downstream targets through bioinformatics analysis.
CircRNA has been proven to act as a miRNA sponge that
is able to regulate gene expression.'*** Therefore, we pre-
dicted the potential miRNAs of circIFT80 and were able to
show that hsa-miR-197-3p, hsa-miR-370-3p, and hsa-miR
-377-5p may be the most potential downstream miRNAs in

CRC. In addition, the hsa-circRNA-0067835/hsa-miR-197-

3p, hsa-miR-370-3p, and hsa-miR-377-5p signal axes were
initially determined. One study has shown that hsa-miR
-370-3p reduces ulcerative colitis-related CRC by inhibiting
inflammation and epithelial-mesenchymal transition;”'
Hsa-circ-0002024 inhibits bladder cancer cell proliferation,
migration and invasion by sponging miR-197-3p.*> The
above results suggest that both hsa-miR-197-3p and hsa-
miR-370-3p are related to cancer. Next, we predicted the
target genes of hsa-miR-197-3p, hsa-miR-370-3p, and hsa-
miR-377-5p and determined the target genes by GO and

https:

4654

Dove!

OncoTargets and Therapy 2021:14


https://www.dovepress.com
https://www.dovepress.com

Dove

Liu et al

Relative expression of cir-IFT80
& o o o

N

Relative expression of cir-IFT80
°

HcoEpic HT-29 SW480

Overexpression NC Overexpression circlFT80
5 : .

O
m

8 8 &8 8

Relative wound closure (%)
3

o

O ion circIF T80 si-NC

B Toeairdl F

transwell cell count

si-circlFT80

{s] ion circlFT80 si-NC

si-circlFT80

SwW480

2.0
@ Overexpression NC

& Overexpression circlFT80
# si-NC

¥ si-circlFT80

CCKS8 assay
(absorbance of 450nm)
3 &

o
il

0 24 48 72 9
Time(h)

10"

- Q22
80% 126%

1079
TS

0% 10°
0% 10°

PEH

104
10t

a

1024

@22
724%

100 10* 0% 10° 1078
FITCH

s 10 10* 105 108 107
FITC-H
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KEGG enrichment analysis. The results showed that they
were enriched in cancer-related pathways. Then, PPI analy-
sis was performed on the target genes. For this, the genes of
Topl0 hub (ITGB8, COL5Al1, COL4Al1, COLG6A®,
WNT7B, MYC, SLCI1A5, TEAD4, RCBTBI1 and
CDCA2) were selected and the circRNA-miRNA-mRNA
and circRNA-miRNA-hub Top 10mRNA networks were
constructed. From the network diagram, it became obvious
that circIFT80 regulates hsa-miR-197-3p, hsa-miR-370-3p,
and hsa-miR-377-5p at the same time. Among them, hsa-
miR-370-3p connects to more target genes, indicating that it
is more important in CRC, and hsa-miR-370-3p can regu-
late downstream WNT7B, SLC1AS, RCBTBI and
COL6A6 genes. Therefore, we decided to focus on the
circIFT80/hsa-miR-370-3p/WNT7B, SLC1AS, RCBTBI
and COL6AG signal axis for preliminary experimental ver-
ification. Previous studies have shown that miR-370-3p can
increase the expression of E-cadherin and decrease the

expression of N-cadherin and Vimentin by regulating the
expression of TLR4 and B-catenin in vivo, thereby signifi-
cantly inhibiting inflammation and EMT, and by this, redu-
cing Ulcerative Colitis-Related CRC.*' Moreover, it has
been shown that WNT7B autocrine activation can reduce
the metastasis of CRC epithelial to mesenchymal transition
and at the same time predict a poor prognosis.>> SLC1AS5 is
up-regulated in CRC tissues and promotes the growth and
survival of CRC cells.** The low expression of RCBTBI is
a prognostic factor for the progression of leiomyosarcoma
metastasis. In vitro and in vivo, inhibiting RCBTB1 can
reduce proliferation and protect sarcoma cells from doce-
taxel-induced apoptosis.>> COL6A6 is down-regulated in
pituitary adenoma tissues and cell lines which is closely
related to poor survival. COL6AG, in addition, inhibits the
growth and invasion of pituitary adenoma cells by inhibiting
the PI3K-Akt pathway in vitro and in vivo.?® All the above

studies suggest that the hsa-miR-370-3p, WNT7B,
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SLC1AS, RCBTBI1 and COL6A6 genes on the signal axis
are related to cancer.

To confirm the databases-derived data, we analyzed
the expression level of circIFT80 in tissues and cells and
it could be shown that the expression of circIFT80 is
indeed up-regulated. Cell function experiments showed
that knockdown of circIFT80 was able to promote apop-
tosis and inhibit cell proliferation, migration, and inva-
sion. By employing qRT-PCR, we could show that
circIFT80 inhibited the expression of hsa-miR-370-3p
and promoted the expression of COL6A6, RCBTBI,
SLC1AS, and WNT7B in CRC cell lines. The results of
the Western blot confirmed that circIFT80 promotes the
expression of RCBTB1, SLC1AS5, and WNT7B protein.
Next, we tried to shed some light on the circIFT80/hsa-
miR-370/WNT7B interaction network. For this, a dual
luciferase reporter assay validated that circIFT80 binds
to hsa-miR-370-3p, which in turn targets WNT7B.
Taken together, the experimental results indicate that
circIFT80 can inhibit the expression of hsa-miR-370-3p,
promote the expression of COL6A6, RCBTBI1, SLCIAS,
and WNT7B, thereby inhibits CRC apoptosis, and pro-
motes CRC proliferation, migration and invasion which is
in line with our expectations. Future studies shall verify
the interaction of hsa-miR-370-3p and SLCIAS,
RCBTBI, and COL6A6 as well as shed light on the signal
pathway downstream of the circIFT80/hsa-miR-370-3p/
WNT7B axis in order to provide new ideas for the clinical
treatment of CRC.

Conclusions

In conclusion, we conducted a comprehensive analysis of
circIFT80 in CRC tissues and cells, identified miRNAs and
mRNAs relevant for CRC development and establishment
and constructed a potential regulatory network of circIFT80-
miRNA-mRNA. The bioinformatics analysis approach
represents a useful strategy to explore malignancies from
a new perspective. However, future studies are needed to
further elucidate the regulatory network between targets and
the signaling pathways regulated by their target genes.

Abbreviation

CRC, Colorectal cancer; circIFT80, hsa _circRNA_0067835;
DEMs, differentially expressed miRNA; DEGs, differen-
tially expressed genes; miRNA, microRNA; mRNA,
messenger RNA; IncRNA, long noncoding RNA; ncRNA,
RNA
Interactome; GO, GeneOntology; CC, cell component; MF,

non-coding RNA; Circlnteractome, Circular

molecular function; BP, biological process; KEGG, Kyoto
Encyclopedia of Genes and Genomes; PPI, protein—protein
interaction; circRNAs, Circular RNAs; ceRNA, endogenous
RNA; TCGA, The Cancer Genome Atlas; ATCC, American
Type Culture Collection; FBS, fetal bovine serum; DMEM,
Dulbecco’s modified eagle medium; OD, optical density;
CCK-8, Cell Counting Kit-8; qRT-PCR, quantitative RT-
PCR; Ov, Overexpression; NC, negative control; wt, wild-
type; mut, mutant.
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