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Knockdown of circ_0067934 inhibits gastric cancer cell
proliferation, migration and invasion via
the miR-1301-3p/KIF23 axis
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Abstract. In recent years, circular RNAs (circRNAs/circs)
have attracted significant attention due to their potentially
important functions in a variety of human cancer types.
circ_0067934 is a newly identified circRNA, the role of
which in gastric cancer (GC) has yet to be reported, to the
best of our knowledge. In the present study, the expression
levels of circ_0067934, microRNA (miR)-1301-3p and kinesin
family member 23 (KIF23) in GC cells were detected via
reverse transcription-quantitative PCR. Cell proliferation was
measured using Cell Counting Kit-8 assays and EdU staining.
Wound healing and Transwell assays were performed to assess
cell migration and invasion, respectively. Western blotting was
performed to measure the protein expression levels of Ki67,
proliferating cell nuclear antigen, MMP2, MMP9 and KIF23.
The starBase database and luciferase reporter assays were
used to predict and verify the binding between circ_0067934
and miR-1301-3p, as well as KIF23, in GC cells. The results
demonstrated that circ_0067934 expression was upregulated
in GC cells, and circ_0067934 silencing significantly inhib-
ited GC cell proliferation, migration and invasion. In addition,
miR-1301-3p was regulated by circ_0067934, and miR-1301-3p
overexpression suppressed GC cell migration, invasion and
proliferation. miR-1301-3p was found to target KIF23, and
KIF23 overexpression reversed the effects of circ_0067934
silencing and miR-1301-3p overexpression on cell prolifera-
tion, migration and invasion. In conclusion, circ_0067934 may
regulate the proliferation, invasion and migration of GC cells
via the miR-1301-3p/KIF23 signaling axis, which may repre-
sent a novel therapeutic target for GC metastasis.
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Introduction

Gastric cancer (GC) is a common malignant tumor with
high morbidity and mortality rates (1). The radical treatment
for advanced GC is surgical resection. However, 40-60% of
patients with GC develop recurrence and metastasis after
surgery and the 5-year overall survival rate of patients with
advanced GC is only 10-21% (2,3). Therefore, the molecular
mechanisms underlying the occurrence and metastasis of GC,
as well as the search for potential diagnostic and therapeutic
targets, have become hotspots in the basic research field of the
molecular diagnosis and treatment of GC.

Circular RNAs (circRNAs/circs) are a class of non-coding
RNAs, which have a special closed ring structure and are widely
present in most organisms (4). circRNAs can regulate gene
function at several levels, such as epigenetic, transcriptional and
post-transcriptional levels (5). MicroRNAs (miRNAs/miRs)
comprise a group of non-coding RNA molecules, 20-25 nucleo-
tides inlength, which can bind to the 3'-untranslated region (UTR)
of target genes, causing their degradation or inhibiting their
translation (6). Some studies have revealed that circRNAs and
miRNAs are abnormally expressed in various tumor tissues
and cells, and they may participate in the whole process of
tumor development (7-9). For example, circ_BTG3 associated
nuclear protein-mediated miR-503/La ribonucleoprotein 1,
translational regulator signaling was shown to promote lung
cancer development and progression (10). Moreover, circ_5692
targets miR-328-5p to inhibit the occurrence of liver cancer (11).
Another study reported that circ_homeodomain interacting
protein kinase 3 promoted colorectal cancer development
and metastasis by sponging miR-7 (12). circ_0067934 is a
newly identified circRNA. A systematic meta-analysis based
on an integrated dataset pre-processed from three microar-
rays suggested that circ_0067934 may represent an authentic
biomarker for GC screening (13). Previous studies have shown
that circ_0067934 may be involved in several types of cancer,
including breast cancer, non-small cell lung cancer (NSCLC)
and bladder cancer (14-16). However, the role of circ_0067934
in GC remains elusive.

Therefore, the aim of the present study was to investigate
the possible role of circ_0067934 in the proliferation, invasion
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and migration of GC cells, as well as elucidate its underlying
mechanism.

Materials and methods

Bioinformatic analysis. The starBase database (version 3.0;
http://starbase.sysu.edu.cn/index.php/) was used to predict
the binding site of circ_0067934 and miR-5047, miR-1301-3p,
miR-670-5p, miR-345-3p, miR-545-3p and miR-3605-5p.
In addition, the binding site of miR-1301-3p and KIF23 was
predicted using the starBase database.

Cell culture. The GES-1 normal gastric mucosal cell line,and the
GC cell lines, AGS and MKN-45 (China Infrastructure of Cell
Line Resources, Institute of Basic Medical Sciences, Chinese
Academy of Medical Sciences), were cultured in RPMI-1640
medium (Gibco; Thermo Fisher Scientific, Inc.) containing
11 mM glucose, 10% (v/v) FBS (cat. no. 10099141; Gibco;
Thermo Fisher Scientific, Inc.), 50 pM -mercaptoethanol
(cat. no. M3148; MilliporeSigma) and 10 mM HEPES (cat.
no. H1090; Beijing Solarbio Science & Technology Co., Ltd.)
at 37°C with 5% CO,.

Cell transfection. Short hairpin RNA (shRNA/sh)-
circ_0067934-1/2 and corresponding negative control (NC)
shRNA (sh-NC), miR-1301-3p mimic and its NC (mimic-NC), a
pcDNA3.1 expression vector containing full-length human
KIF23 (Ov-KIF23) and corresponding NCs (Ov-NC) were
obtained from Shanghai GenePharma Co., Ltd. The sequence
for the miR-1301-3p mimic was 5-UUGCAGCUGCCUG
GGAGUGACUUC-3'. The NC shRNA sequence was 5'-UCA
CAACCUCCUAGAAAGAGUAGA-3". The AGS cell suspen-
sion was inoculated into a 6-well plate and cultured in an
incubator with 5% CO, at 37°C for 24 h. The cultured cells were
transfected with 100 nM of these recombinants using 2.5 ul/ml
Lipofectamine® 2000 transfection reagent (Thermo Fisher
Scientific, Inc.) at 37°C for 48 h in accordance with the manufac-
turer's instructions. After transfection, the transfection efficacy
of the cells was detected via reverse transcription-quantitative
(RT-q)PCR.

Cell proliferation assay. AGS cells from each group were
collected after transfection for 48 h. After being counted,
cells (1x10? cells/well) were seeded into a 96-well cell culture
plate and cultured in an incubator with 5% CO, at 37°C. After
24,48 and 72 h, 10 ul Cell Counting Kit-8 (CCK-8) reagent
(Beyotime Institute of Biotechnology) was added to each well
in accordance with the manufacturer's instructions. Then, the
cells were incubated at 37°C in the dark for 2 h. The absor-
bance of each well was measured at 450 nm with a microplate
reader (Bio-Rad Laboratories, Inc.). Each experiment was
repeated =3 times. In total, six duplicate wells were examined
in each group.

EdU cell proliferation assay. AGS cells were seeded into 6-well
plates (500 cells/well) and incubated at room temperature
overnight. EdU solution (Beyotime Institute of Biotechnology)
was added and the cells were incubated for 4 h at 37°C. After
the working fluid was removed, the cells were fixed with 4%
paraformaldehyde for 15 min at room temperature. The cells

were then permeated with 0.5% Triton X-100 for 15 min.
After the addition of Click reaction solution, the cells were
incubated in the dark for 30 min at 37°C and imaged under a
fluorescence microscope (Leica Microsystems GmbH; magni-
fication, x200).

Western blotting. AGS cells were harvested and total protein
was extracted using RIPA lysis buffer (Beyotime Institute
of Biotechnology). Total protein was quantified using a
protein concentration determination kit (cat. no. P0O012;
Beyotime Institute of Biotechnology). Proteins (30 pug/lane)
were separated via SDS-PAGE (15%) and were subsequently
transferred onto PVDF membranes (MilliporeSigma). After
blocking with 5% BSA (Beyotime Institute of Biotechnology)
at room temperature for 2 h, the membranes were then
incubated with the following primary antibodies (Abcam)
at 4°C overnight: Anti-Ki67 (cat. no. ab15580; 1:1,000),
anti-proliferating cell nuclear antigen (anti-PCNA; cat.
no. ab92552; 1:1,000), anti-MMP?2 (cat. no. ab92536; 1:1,000),
anti-MMP9 (cat. no. ab76003; 1:1,000) and anti-KIF23 (cat.
no. ab174304; 1:1,000). After the incubation with the primary
antibodies, the membranes were washed with TBS containing
Tween-20 (0.1%) and incubated at room temperature for 1.5 h
with HRP-conjugated secondary antibodies [Goat Anti-Mouse
IgG(H+L), 1:2,000, cat. no. SAO0001-1; Goat Anti-Rabbit
IgG(H+L), 1:2,000, cat. no. SA00001-2; ProteinTech Group,
Inc.]. Protein bands were visualized using the Odyssey
Western Blot Analysis system (LI-COR Biosciences) and
semi-quantified using ImagelJ software, version 7.6.5 (National
Institutes of Health).

Transwell assay. The invasive ability of the cells was
examined using a Transwell invasion assay. The Transwell
chambers (Costar; Corning, Inc.) were first coated with 0.1 ml
Matrigel (Becton-Dickinson and Company) at 37°C for 1 h.
AGS cells (5x10° cells/well) were collected and suspended at
2x10° cells/ml in serum-free DMEM. Cell suspensions were
placed into the upper compartment of a Transwell chamber and
cultured in 5% CO, at 37°C. Medium supplemented with 10%
FBS was added into the lower compartment of the Transwell
chamber. After 24 h, the non-invaded cells on the upper face
of the Transwell membrane were wiped off with a cotton swab.
The cells invading to the lower surface of the filter were fixed
with 4% paraformaldehyde and stained with 0.1% crystal
violet solution for 30 min at room temperature. Images were
captured using a light microscope at x100 magnification.

Wound healing assay. AGS cells were cultured in 6-well
plates (6x10* cells/well) and incubated to 80-90% confluence
in RPMI-1640 medium with 10% FBS at 37°C (17). A linear
scratch was created in the cell monolayer using a 200-u1 pipette
tip. The cells were subsequently cultured under standard condi-
tions in RPMI-1640 medium containing 2% FBS (Procell Life
Science & Technology Co., Ltd.) for 48 h at 37°C in 5% CO,.
The area occupied by cells migrating into the scratch was
evaluated using an inverted microscope at x100 magnifica-
tion. The migration rate was calculated based on the formula:
(Wound width at O h - wound width at 24 h)/wound width at
0 h x 100%. In total, five fields were randomly selected for
analysis in each well.



MOLECULAR MEDICINE REPORTS 25: 202, 2022 3

Nuclear and cytoplasmic separation experiment. AGS cells
were lysed and centrifuged for 5 min at 500 x g at 4°C. Then,
the cytoplasmic components retained in the supernatant were
collected. The precipitated nuclear components were further
cleaved. The collected cytoplasmic components and nuclear
lysates were mixed with 2X lysis/binding solution and then
pumped through a filter tube. The extracted cytoplasmic and
nuclear RNA were reverse-transcribed, and the expression
level of circ_0067934 was detected via RT-qPCR. U6 was the
positive control for the detection of nuclear RNA expression,
and GAPDH was the positive control for the detection of cyto-
plasmic RNA expression (18).

Luciferase reporter assay. The circ_0067934 3'-UTR,
containing wild-type (WT) or mutant (MUT) target sites
for miR-1301-3p, was amplified via PCR and inserted into
a pGL3 vector (Promega Corporation) to form the reporter
vector circ_0067934-WT or circ_0067934-MUT. Then,
the DNA sequence of KIF23 3'-UTR that included the
putative binding sites of miR-1301-3p was subcloned into
a pGL3 vector (Promega Corporation) to create a luciferase
plasmid containing the WT sequence of KIF23 3'-UTR.
The miR-1301-3p binding sites were mutated, and the MUT
KIF23 3'-UTR sequence was subcloned into the pGL3
vector so as to create a mutant reporter vector. AGS cells
were co-transfected with luciferase reporter vectors by using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.) for 48 h. At 48 h after transfection, the relative luciferase
activities were measured by using a Dual-Luciferase Reporter
Assay (Promega Corporation) and luciferase activities were
normalized against Renilla luciferase.

RT-qPCR analysis. Total RNA from cell samples was
extracted using TRIzol® reagent (Thermo Fisher Scientific,
Inc.) and reverse-transcribed into cDNA using a commercial
RevertAid™ cDNA Synthesis kit (Takara Bio, Inc.) at 42°C
for ~1 h and 90°C for 5 min. The SYBR Premix Ex Taq™ II
kit (Thermo Fisher Scientific, Inc.) was applied for qPCR.
The PCR reaction mixture contained 3 mM MgCl,, 0.5 yM
forward and reverse primers, 2 ul SYBR Green PCR master
mix and 2 ul cDNA on a QuantStudio 3 Real-Time PCR
system (Applied Biosystems; Thermo Fisher Scientific, Inc.).
The primers used are shown in Table I. The thermocycling
conditions of the qPCR were as follows: Initial denaturation
for 5 min at 95°C, followed by 40 cycles for 30 sec at 95°C,
annealing at 65°C for 45 sec and extension at 72°C for 1 min.
A final extension step at 72°C for 7 min was performed
in each PCR assay. The results were measured using the
2-44¢4 method (19). U6 served as an endogenous control for
miRNAs and GAPDH was used as an endogenous control for
circ_0067934 and KIF23.

Statistical analysis. Statistical analysis was performed using
GraphPad Prism 5 (GraphPad Software, Inc.). All data are
presented as the mean = SD of three independent experiments.
Statistical differences between two groups were determined
using an unpaired two-tailed Student's t-test, while one-way
followed by Tukey's post hoc test was used to analyze data in
>2 groups. P<0.05 was considered to indicate a statistically
significant difference.

Table I. Sequences of primers for reverse transcription-quan-
titative PCR.

Gene Sequence

circ_0067934 F: 5'-TAGCAGTTCCCCAATCCTTG-3'

R:5'-CACAAATTCCCATCATTCCC-3'

F: 5'-GCCTAGACGAGACACAGTGC-3'

R:5'-GCCAAGACCTTACAACCGCA-3'

miR-1301-3p F: 5-GCCCGCTTGCAGCTGCCTGGGAG-3'
R:5'-GTGCAGGGTCCGAGGT-3'

miR-5047

miR-670-5p F: 5-AAACCCATGACACAGCACAA-3'
R:5-ATTGCTTTGCCTCCAGAAGA-3'
miR-345-3p F: 5-GCCGAGAGGGGTCTGGAGA-3'
R:5'-CTCAACTGGTGTCGTGGA-3'
miR-545-3p F: 5'-TGGCTCAGTTCAGCAGGAAC-3'
R:5'-CATTACTGGATCTATCAACAGG-3'
KIF23 F: 5~ AGACAGAAGGCGAGGGATG-3'

R:5'-GGAGACGAATTGGTGGTGC-3'
U6 F: 5'-CTCGCTTCGGCAGCACATATA-3'
R:5'-ACGCTTCACGAATTTGAGTGTC-3'
F: 5'-GTCAAGGCTGAGAACGGGAA-3'
R:5'-AAATGAGCCCCAGCCTTCTC-3'

GAPDH

miR, microRNA; circ, circular RNA; KIF23, kinesin family member 23;
F, forward; R, reverse.

Results

circ_0067934 silencing inhibits AGS cell proliferation. To inves-
tigate the role of circ_0067934 in GC cells, the expression level of
circ_0067934 in GC cells was firstly detected via RT-qPCR. The
results demonstrated that the expression level of circ_0067934 was
upregulated in the GC cell lines, AGS and MKN-45, compared
with the normal gastric mucosa cells, GES-1 (Fig. 1A). AGS cells
showed the highest expression of circ_0067934, so these cells
were selected for subsequent experiments.

Cells were then transfected with sh-circ_0067934-1/2
to knock down the expression of circ_0067934 (Fig. 1B).
Compared with the sh-NC group, the cell proliferation
ability of the sh-circ_0067934-1 group was significantly
decreased (Fig. 1C and D). In addition, the results of western
blotting revealed that the expression levels of Ki67 and
PCNA were downregulated following transfection with
sh-circ_0067934 (Fig. 1E).

circ_0067934 silencing inhibits AGS cell migration and
invasion. As shown in Fig. 2A-C, following transfection
with sh-circ_0067934, the migratory and invasive abilities
of AGS cells were decreased compared with the control and
sh-NC groups. Additionally, western blotting revealed that the
expression levels of the migration-related proteins, MMP?2
and MMP9, were significantly downregulated compared with
those in the control and sh-NC groups (Fig. 2D), indicating
that circ_0067934 silencing inhibited AGS cell migration and
invasion.
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Figure 1. Effects of circ_0067934 on proliferation of gastric cancer cells. (A) The expression level of circ_0067934 in gastric cancer cell lines was detected
via RT-gPCR. ""P<0.001 vs. GES-1 cells. (B) Transfection efficiency of sh-circ_0067934 was measured via RT-qPCR. (C) Cell proliferation was evaluated
using a Cell Counting Kit-8 assay. (D) EdU staining was used to assess cell proliferative capacity. (E) Western blotting was performed to detect the protein
expression levels of Ki67 and PCNA. Data are presented as the mean + SD. Original magnification, x200. “P<0.01, ""P<0.001 vs. sh-NC. RT-qPCR, reverse
transcription-quantitative PCR; circ, circular RNA; sh, short hairpin RNA; NC, negative control; PCNA, proliferating cell nuclear antigen; OD, optical density.
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Figure 3. circ_0067934 targets miR-1301-3p. (A) Expression level of circ_0067934 in the cytoplasm and nucleus of AGS cells was detected via RT-qPCR.
(B) The starBase database was used to predict the binding site of circ_0067934 with miR-5047, miR-1301-3p, miR-670-5p, miR-345-3p, miR-545-3p and
miR-3605-5p. The expression levels of (C) miR-1301-3p, (D) miR-5047, (E) miR-345-3p, (F) miR-545-3p, (G) miR-3605-5p and (H) miR-670-5p in gastric cancer
cell lines was identified via RT-qPCR. The expression levels of (I) miR-1301-3p and (J) miR-345-3p were detected after transfection with sh-circ_0067934.
(K) miR-1301-3p mimics increased miR-1301-3p expression in AGS cells. (L) The predictive binding sequence between circ-0067934 and miR-1301-3p. The
red letters in the circ-0067934 showed the mutated sites. (M) Luciferase activity was determined using a luciferase reporter assay. Data are expressed as the
mean + SD. "P<0.05, “P<0.01, “"P<0.001 vs. GES-1 cells, sh-NC or mimic-NC. RT-qPCR, reverse transcription-quantitative PCR; circ, circular RNA; sh, short
hairpin RNA; NC, negative control; miR, microRNA; WT, wild-type; MUT, mutant.

circ_0067934 targets miR-1301-3p. Next, the expression  that circ_0067934 was mainly present in the cytoplasm of
level of circ_0067934 in the cytoplasm and nucleus of GC  AGS cells (Fig. 3A). The binding sequences of circ_0067934
cells was examined via RT-qPCR. The results demonstrated ~ with miR-5047, miR-1301-3p, miR-670-5p, miR-345-3p,
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miR-545-3p and miR-3605-5p were predicted using the
starBase database (Fig. 3B). Moreover, the RT-qPCR results
demonstrated that the expression levels of miR-1301-3p and
miR-345-3p were significantly decreased in GC cells compared
with control cells (Fig. 3C-H). As shown in Fig. 31 and J, trans-
fection with sh-circ_0067934 promoted the expression levels
of miR-1301-3p more significantly than miR-345-3p. Thus,
miR-1301-3p was selected for the subsequent experiments.

To determine the effect of miR-1301-3p on AGS cells,
miR-1301-3p overexpression vector was transfected into
AGS cells (Fig. 3K). Furthermore, the luciferase vectors
containing the WT and MUT sequences (shown in red
letters) of circ-0067934 were constructed (Fig. 3L) and the
results indicated that miR-1301-3p was a direct target of
circ_0067934 (Fig. 3M).

miR-1301-3p overexpression suppresses AGS cell prolifera-
tion. As presented in Fig. 4A, the optical density (OD) value
of miR-1301-3p mimic-transfected cells was significantly
lower compared with that of the mimic NC and control
groups. Moreover, EdU staining revealed that transfection
with miR-1301-3p mimic markedly inhibited cell prolifera-
tion (Fig. 4B). Furthermore, the protein expression levels of
Ki67 and PCNA were notably suppressed by miR-1301-3p
mimic in comparison with those in the NC and control
groups (Fig. 4C).

miR-1301-3p mimic represses the migration and invasion
of AGS cells. To further investigate the role of miR-1301-3p
in AGS cells, wound healing and Transwell assays were
conducted to measure cell migration and invasion. As shown
in Fig. 5A-C, the cell migratory and invasive abilities were
weakened following transfection with miR-1301-3p mimic

compared with that in the mimic NC group. In addition,
according to the results of the western blotting assay, the
expression levels of the migration-related proteins, MMP2 and
MMP9, were significantly decreased following transfection
with miR-1301-3p mimic compared with the mimic NC or
control groups (Fig. 5SD).

miR-1301-3p targets KIF23. The starBase database predicted
the targeted binding of miR-1301-3p to KIF23 (Fig. 6A), and
luciferase reporter assay verified the association between
miR-1301-3p and KIF23 (Fig. 6B). Moreover, it was found that
KIF23 expression was significantly upregulated in GC cells
lines compared with the normal gastric mucosa cells (Fig. 6C).
The results of western blotting identified that the expression of
KIF23 was decreased following transfection with miR-1301-3p
mimic compared with the mimic NC group (Fig. 6D). These
results indicated that miR-1301-3p targets KIF23 in AGS cells.

KIF23 overexpression promotes AGS cell proliferation. To
determine the role of KIF23 in GC cells, the miR-1301-3p
inhibitor and KIF23 overexpression vector were transfected
into AGS cells (Fig. 7A-C). The level of cell proliferation was
detected using a CCK-8 assay and the results revealed that the
OD value wassignificantly enhanced following transfection with
miR-1301-3p inhibitor or Ov-KIF23 in circ_0067934-silenced
cells compared with their NC groups (Fig. 7D). In addition,
compared with the sh-circ_0067934 + inhibitor-NC group
and sh-circ_0067934 + Ov-NC group, miR-1301-3p inhibitor
and Ov-KIF23 markedly increased the percentage of living
cells (Fig. 7E). Consistently, the western blotting results
demonstrated that miR-1301-3p silencing and KIF23 overex-
pression increased the protein expression levels of Ki67 and
PCNA in cells transfected with sh-circ_0067934 (Fig. 7F).
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Figure 5. Effects of miR-1301-3p mimic on AGS cell migration and invasion. (A) Transwell and wound healing assay were used to measure (B) cell migration
and (C) invasion. Original magnification, x100. (D) Western blotting was performed to detect the protein expression levels of MMP2 and MMP9. Data are
expressed as the mean + SD. “P<0.01, “"P<0.001 vs. mimic-NC. NC, negative control; miR, microRNA.
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Figure 6. miR-1301-3p targets KIF23. (A) The starBase database was used to predict the binding sequence of miR-1301-3p with KIF23. (B) The luciferase reporter
assay predicted the binding of miR-1301-3p to KIF23. (C) The expression level of KIF23 in gastric cancer cell lines was detected via reverse transcription-quanti-
tative PCR. (D) Western blotting was employed to examine the expression level of KIF23 in AGS cells after transfection of miR-1301-3p mimic. Data are expressed
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as the mean + SD. ""P<0.001 vs. mimic-NC. NC, negative control; miR, microRNA; KIF23, kinesin family member 23; WT, wild-type; MUT, mutant.

KIF23 overexpression facilitates AGS cell migration and
invasion. As shown in Fig. 8A-C, KIF23 overexpression

or miR-1301-3p knockdown promoted cell migration and
invasion compared with the sh-circ_0067934-1 + Ov-NC
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Figure 7. Effects of KIF23 on proliferation of AGS cells. (A) miR-1301-3p expression was detected via reverse transcription-quantitative PCR in cells transfected
with miR-1301-3p inhibitor. KIF23 (B) mRNA and (C) protein expression was measured after transfection with Ov-KIF23. (D) A Cell Counting Kit-8 assay was
applied for investigating cell proliferation. (E) Cell proliferative capacity was evaluated using an EdU assay. Original magnification, x200. (F) Western blotting was
conducted to measure the protein expression levels of Ki67 and PCNA. Data are expressed as the mean + SD. “P<0.01, ““P<0.001 vs. Control or corresponding NCs;
#"P<0.01, "P<0.001 vs. sh-circ_0067934-1 + inhibitor-NC groups; *P<0.01, ©2P<0.001 vs. sh-circ_0067934-1 + Ov-NC. NC, negative control; miR, microRNA;
KIF23, kinesin family member 23; OD, optical density; Ov, overexpression; sh, short hairpin RNA; circ, circular RNA; PCNA, proliferating cell nuclear antigen.

and sh-circ_0067934 + inhibitor-NC groups. In addition,
the western blotting results demonstrated that the protein
expression levels of MMP2 and MMP9 were significantly
increased following transfection with miR-1301-3p inhibitor
or Ov-KIF23 in circ_0067934-silenced cells compared with
their corresponding NC (Fig. 8D).

Discussion

GC is the fourth most common type of cancer, and its fatality
rate is the second highest worldwide (20). The prognosis of
patients with GC is poor and the 5-year relative survival rate
for patients with advanced-stage disease is only 20% (21).

Therefore, it is crucial to study the mechanisms underlying the
pathogenesis and development of GC, as well as to identify
novel therapeutic targets for this type of cancer.
circ_0067934 has been shown to act as an oncogene
in a variety of cancer types (22-24). Although it has been
reported that the expression of circ_0067934 is increased in
GC tissues (13), its biological effect on GC cells is yet to be
elucidated. In the present study, the effect of circ_0067934
on the proliferation, migration and invasion of GC cells
was investigated by silencing circ_0067934. It was recently
revealed that circRNAs may serve as key regulators in the
development of human diseases, including cancer (25). It was
also reported that downregulation of circ_0067934 decreased
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Figure 8. Effects of KIF23 on AGS cell migration and invasion. (A) Transwell and wound healing assay were used to measure (B) cell migration and (C) inva-
sion after transfection with Ov-KIF23. Original magnification, x100. (D) Western blotting was used to measure the protein expression levels of MMP2 and
MMP9 after transfection with Ov-KIF23. Data are expressed as the mean = SD. ““P<0.001 vs. control; ##P<0.001 vs. sh-circ_0067934-1 + inhibitor-NC
groups; “*“P<0.001 vs. sh-circ_0067934-1 + Ov-NC. NC, negative control; miR, microRNA; KIF23, kinesin family member 23; OD, optical density; Ov, over-

expression; sh, short hairpin RNA; circ, circular RNA.

the proliferative ability of NSCLC cells and, thus, it may serve
as a predictive marker for the prognosis of NSCLC and a target
for the treatment of this disease (26).

In the present study, following transfection with
sh-circ_0067934, CCK-8 assays and EdU staining were used
to evaluate cell proliferation, and western blotting was used

to detect the protein expression levels of Ki67 and PCNA,
which are known to be closely associated with cell prolifera-
tion (27). Ki67 is a common cell proliferation status marker,
which has high sensitivity in determining the proliferative
activity of tumor cells and is associated with the occurrence,
development, proliferation and metastasis of tumors (28).
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PCNA is synthesized in and localizes to the nucleus, and it
is closely involved in the proliferation and invasion of tumor
cells. PCNA has also been found to participate in the synthesis
and metabolism of RNA and DNA in tumor cells, and it is
closely associated with the differentiation and invasion of
tumor cells, as well as with tumor metastasis, recurrence
and prognosis (29). The current results demonstrated that
circ_0067934 expression was higher in GC cells, and the
expression levels of Ki67 and PCNA were downregulated
after silencing of circ_0067934, which was consistent with
previous findings (16,22,30). The wound healing assay demon-
strated that the knockdown of circ_0067934 could reduce
the migratory ability of GC cells, and the expression levels
of the migration-related proteins, MMP2 and MMP9, were
also downregulated. MMP2 and MMP?9 are closely associated
with cell migration (31). Overexpression of MMP2 and MMP9
can promote the degradation of the extracellular matrix and
improve the cell migratory ability (32,33).

Recently, circRNAs have been considered to be members of
the competing endogenous RNA family due to their abundant
conserved miRNA response elements (34). Some studies have
shown that miR-1301-3p was associated with a variety of cancer
types, including prostate (35), breast (36) and colon cancer (37).
According to data from the starBase database, the current study
predicted that circ_0067934 targeted miR-1301-3p. The present
study identified that the expression level of miR-1301-3p was
significantly increased after circ_0067934 was silenced, while
cell proliferation and migration were decreased.

KIF23 is a kinesin-like motor protein that serves crucial
roles in cytokinesis (38). Previous studies have reported the
oncogenic roles of KIF23 in several types of cancer, including
GC (39-41). In the present study, the starBase database also
predicted that miR-1301-3p could bind to KIF23, and when
KIF23 was overexpressed, the cell proliferation, migratory
and invasive abilities were enhanced. However, the current
study primarily focused on the role of circ_0067934 and the
mechanism involved in circ_0067934/miR-1301-3p/KIF23 in
GC cells, and thus, did not investigate the regulation network of
circ_0067934/miR-1301-3p/KIF23 in normal gastric mucosal
cells. Future studies will further investigate the relationship of
the three genes in normal gastric mucosal cells. In addition,
due to the lack of samples from patients with GC, this study
did not include clinical sample testing. Moreover, only one GC
cell line, AGS, was used to examine the role of circ_0067934,
miR-1301-3p and KIF23, and so, this study cannot determine
the correlation of these circRNA, miRNA and KIF23 gene
expressions in GC cells or patient samples.

In conclusion, the present study provided evidence that
circ_0067934 can inhibit the proliferation, migration and
invasion of GC cells via the miR-1301-3p/KIF23 axis, which
may provide a theoretical and factual basis for the targeted
therapy of GC.
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