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Overexpression of hsa_circ_0006470 inhibits the malignant behavior of gastric
cancer cells via regulation of miR-1234/TP53I11 axis
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Gastric cancer (GC) is a subtype of a common malignant tumor found in the digestive system.
Hsa_circ_0006470 is known to be closely associated with the development of GC. Nevertheless, the mecha-
nism by which hsa_circ_0006470 regulates the tumorigenesis of GC has not been fully elucidated. To investi-
gate the role of hsa_circ_0006470 in GC, its expression levels were assessed in GES-1, AGS, MKN45, and
SNUS cells by reverse transcription-quantitative PCR. Fluorescence in situ hybridization was used to evaluate
the localization of hsa_circ_0006470 in AGS and MKN45 cells. In addition, cell counting kit-8 and 5-ethynyl-
2’-deoxyuridine assays were performed to evaluate the viability and proliferation of GC cells, respectively. The
dual-luciferase reporter assay was used to explore the interaction among hsa_circ_0006470, microRNA (miR)-
1234, and TP53111. The expression levels of TP53111, Akt, p-Akt, forkhead box O1, and cyclin dependent
kinase 2 in AGS cells were analyzed by Western blotting. The data indicated that hsa_circ_0006470 expression
was downregulated in AGS cells. In addition, overexpression (OE) of hsa_circ_0006470 could inhibit the via-
bility and proliferation of GC cells. Moreover, OE of hsa_circ_0006470 inhibited the migration of GC cells and
induced G; cell cycle phase arrest. Moreover, miR-1234 was bound to hsa_circ_0006470 and TP53111 was tar-
geted by miR-1234. Furthermore, OE of hsa_circ_0006470 inhibited the tumorigenesis of GC via the regulation
of the miR-1234/TP53111 axis. In summary, the present study demonstrated that OE of hsa_circ_0006470
notably inhibited the tumorigenesis of GC by regulating the miR-1234/TP53111 axis. Therefore, the present
study may provide a theoretical basis for exploring novel therapeutic strategies for the treatment of GC.
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Introduction

Gastric cancer (GC) is a subtype of a common malignant
tumor found in the digestive system.' The main factors that induce
GC are poor nutritional habits (long-term intake of preserved
foods), Helicobacter pylori infection, chronic diseases and genet-
ics.>* Early-stage GC is mostly asymptomatic or presents with
mild symptoms.! When the clinical symptoms are evident, the dis-
ease is already at an advanced stage.! Patients with advanced GC
suffer from great physical and psychological pain.®” The main
treatment strategies for GC include drug and surgical treatments;
however, the outcomes are not ideal.!® Therefore, it is imperative
to explore novel therapeutic strategies against GC.

Circular RNA (circRNA) is a subtype of closed circular RNA
molecules formed by reverse splicing.>!” The characteristics of
circRNA molecules include high stability, biological evolutionary
conservation and tissue expression specificity.!'"’* It has been
reported that circRNAs can exert various biological functions.!%!3
For example, they can be used as a “sponge” of microRNAs
(miRs) or as a competitive endogenous RNA of miRs.!%!¢
CircRNAs are differentially expressed in multiple tumors (GC,
prostate cancer, and colorectal cancer).'>!”!® Moreover,
hsa_circ_0004872 significantly inhibits the growth of GC cells by
regulating miR-224 expression.'? In addition, overexpression (OE)
of circCUL2 inhibits the malignant phenotype of cancer cells by
targeting miR-142-3p.2 Moreover, hsa_circ_0006470 expression
was downregulated in GC.?! Nevertheless, the mechanism by
which hsa_circ_0006470 regulates the tumorigenesis of GC is still
unclear.

Based on the aforementioned evidence, the present research
study aimed to investigate the function of hsa circ 0006470 in
GC. This investigation can aid the exploration of novel therapeutic
strategies against GC.

Materials and Methods

Cell culture

The human gastric epithelial cell line GES-1 was purchased
from Beyotime Institute of Biotechnology (Suzhou, China). The
GC cell lines AGS and SNUS5 were obtained from ATCC. The GC
cell line MKN45 was provided by Procell Life Science &
Technology Co., Ltd. (Wuhan, China). GES-1, AGS, MKN45, and
SNUS cells were cultured in DMEM supplemented with 100 U/mL
penicillin/streptomycin and 10% FBS at 37°C in the presence of
5% CO,.

Reverse transcription-quantitative polymerase chain
reaction (RT-qPCR)

The isolation of total RNA from GES-1, AGS, MKN45, or
SNUS cells was achieved with TRIzol® reagent (Takara Bio, Inc.,
Kusatsu, Japan). Subsequently, the RNA was converted into cDNA
using EntiLink™ 1st Strand ¢cDNA Synthesis Kit (Takara Bio,
Inc.). The StepOne™ Real-Time PCR System (Applied
Biosystems 7500) was used to perform quantitative PCR. The
primer sequences used were as follows: B-actin, forward, 5’-GTC-
CACCGCAAATGCTTCTA-3’, reverse, 5 -TGCTGTCAC-
CTTCACCGTTC-3’; hsa-circ-0006470, forward, 5’-TTCGACT-
CATCATGGACTCCC-3’, reverse, 5’-GACACAAAGAAGAT-
GCGGTCC-3’; hsa-liner-0006470, forward, 5’-CTGCTAAG-

GAGGTGCTCAACG-3’, reverse, 5 -CGTGTGCTGCT-
CAAACTTG-3’; TP53111, forward, 5’-TGATGCG-
GTCTTTGATGGAG-3’, reverse, 5’-CAGTGACCACCAA-
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GAACTGGAC-3". The expression levels of the genes of interest
were normalized to those of -actin. The data were analyzed using
the 2744 method.

Fluorescence in situ hybridization (FISH) analysis

FISH was applied to evaluate the localization of
hsa_circ_0006470 in AGS and MKN45 cells. The same method
was applied to identify the interaction of hsa circ 0006470 and
miR-1234 in AGS cells. The fluorescence-labeled oligonucleotide
probes for hsa circ_ 0006470 and miR-1234 were obtained from
Guangzhou RiboBio Co., Ltd. (Guangzhou, China). Subsequently,
AGS and MKN45 cells were incubated with the mixture contain-
ing the probes, and FITC-Avidin was used to stain the probe. In
addition, the nuclei were stained using 4°,6-diamidino-2-phenylin-
dole (DAPI). Subsequently, the localization of hsa circ_0006470
in AGS and MKN45 cells was investigated using a fluorescence
microscope (BX51TF, Olympus Corporation, Tokyo, Japan). The
filter sets were as follows: blue excitation: 420~485 nm; green
excitation: 460~550 nm; red excitation: 420~490 nm.

Cell transfection

AGS and MKN45 cells were transfected with a pcDNA3.1
vector designed to induce OE of hsa_circ_0006470 (Guangzhou
RiboBio Co., Ltd.) or a pcDNA3.1 control vector (pcDNA3.1-ctrl,
Guangzhou RiboBio Co., Ltd.) using Lipofectamine™ 2000
(Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA)
according to the manufacturer’s protocol. AGS cells were trans-
fected with miR-1234 mimics or miR-1234 mimics-control (mim-
ics-ctrl, Guangzhou RiboBio Co., Ltd.) using Lipofectamine™
2000. AGS cells were transfected with small interfering RNA
(siRNA) against TPS3111 (TP53111 siRNA1, TP53111 siRNA2,
TP53111 siRNA3 or siRNA-control (siRNA-ctrl) (Guangzhou
RiboBio Co., Ltd.) using Lipofectamine™ 2000. The sequences
used for TP53I11 siRNAs and siRNA-ctrl were as follows:
TP53111 siRNAIL: 5’-AGCAGTCAGTAGTTGGTCCTTTG-3’;
TP53111  siRNA2: 5’-CATCATCCCTGCCTCTACTGG-3’;
TP53111 siRNA3: 5’-CCATCAGTCCCGTCTTGAAAC-3’;
siRNA-ctrl: 5’-GTGGGTGTCGCTGTTGAAGTC-3".

Cell counting kit-8 (CCK-8) assay

CCK-8 was obtained from Beyotime Institute of
Biotechnology. The cells were maintained in 96-well plates.
Subsequently, AGS and MKN45 cells were incubated with 10 pL
CCK-8 solution (Beyotime Institute of Biotechnology) at 37°C for
2h following treatment. Subsequently, the viability of AGS and
MKN45 cells was detected at 0, 12, 24, and 72 h using a
microplate reader (Bio-Rad Laboratories, Inc., Hercules, CA,
USA).

5-ethynyl-2’-deoxyuridine (EdU) staining

An EdU detection kit was obtained from Guangzhou RiboBio
Co., Ltd. Following treatment, AGS and MKN45 cells were
labeled with 100 pL 5-Ethynyl-2’- deoxyuridine (50 pM) for 1 h.
The cells were washed with PBS twice for 5 min and incubated
with 100 uL DAPI (1 pg/mL). Subsequently, the proliferation of
AGS and MKN45 cells was detected using a fluorescence micro-
scope (BX51TF, Olympus Corporation). Meanwhile, Apollo 567
was used to label the fluorochrome. The filter sets were as follows:
blue excitation: 420~485 nm; red excitation: 420~490 nm.

Transwell assay

DMEM with 10% serum was added to the basolateral chamber.
Moreover, AGS and MKN45 cells were cultured in the apical
chamber with 200 pL serum-free DMEM. Following incubation
for 24 h, the medium in the basolateral chamber was removed and
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the cells were removed with PBS. Subsequently, the cells were
fixed with paraformaldehyde for 20 min and stained with 0.1%
crystal violet for 10 min. Finally, the migrated cells were detected
using an optical microscope (BX53, Olympus Corporation).

Cell cycle distribution assay

AGS and MKN45 cells were collected using 0.25% trypsin.
Subsequently, they were fixed with 70% ethanol and treated with
propidium iodide (2 pg/mL)/RNase (10 mg/mL) staining buffer for
15 min in the dark at 4°C. The distribution of the cells was ana-
lyzed using a flow cytometer (FACScan™, BD Biosciences,
Franklin Lakes, NJ, USA). The percentage of cell cycle phases was
quantified using FlowJo software (FlowJo LLC, Ashland, OR,
USA).?? Three measurement series per sample were recorded, and
three replicates were performed in each group.

Dual-luciferase reporter assay

hsa circ_0006470 wild-type/mutated-type (WT/MT) or
TP53111 (WT/MT) were synthesized by Sangon Biotech
(Shanghai, China). The synthetic sequences were inserted into the
pmiR-RB-REPORT™ vector. Subsequently, AGS cells were trans-
fected with the recombinant vector of WT/MT containing miR-
1234 mimics or miR-1234 mimics-ctrl using Lipofectamine™
2000. The luciferase activity of AGS cells was assessed using a
dual-luciferase reporter assay system.

Western blot assay

AGS cells were lysed and the total protein was extracted using
a protein lysis buffer. Subsequently, the protein concentration was
determined by a bicinchoninic acid protein assay kit (Beyotime
Institute of Biotechnology). The protein samples were separated by
PAGE using 10% SDS gels (30 pg per lane). Subsequently, the
proteins were transferred to polyvinylidene fluoride membranes
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(Beyotime Institute of Biotechnology). The following primary
antibodies were used: TP53111 (1:1,000, ab234860), Akt (1:1,000,
ab8805), phosphorylated (p)-Akt (1:1,000, ab38449), forkhead
box O (FOXO) 1 (1:1,000, ab179450), cyclin-dependent kinase
(CDK) 2 (1:1,000, ab32147), B-actin (1:1,000, ab8226). A horse-
radish peroxidase-labeled secondary antibody (1:5,000, ab7090)
was also used for western blotting. All antibodies were obtained
from Abcam (Cambridge, UK). Finally, an ECL kit was employed
to detect the protein expression. The expression levels of these pro-
teins were normalized to those of B-actin.

Statistical analysis

The data were analyzed by GraphPad Prism. All data are pre-
sented as the mean + standard deviation. The differences were
assessed by one-way analysis of variance (ANOVA) and Tukey’s
tests. A p-value <0.05 was considered to indicate a statistically sig-
nificant difference.

Results

hsa_circ_0006470 is expressed at low levels in AGS cells

It has been reported that the expression hsa circ 0006470 is
downregulated in GC.?' To confirm the role of hsa circ 0006470
in GC cells, RT-qPCR was performed. As shown in Figure 1A, the
levels of hsa_circ_0006470 in GC cells were lower compared with
those of GES-1 cells. Since the expression levels of
hsa_circ_0006470 were lower in AGS and MKN45 cells compared
with those of SNUS5 cells, these two cell lines were selected for
subsequent experiments (Figure 1A). The results of FISH analysis
indicated that hsa_circ_0006470 was mainly localized in the cyto-
plasm of GC cells (Figure 1B). Furthermore, RNase R did not
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Figure 1. Hsa_circ_0006470 is downregulated in AGS cells. A) RT-qPCR was performed to evaluate the expression of hsa_circ_0006470
in GES-1, AGS, MKN45 and SNUS5 cells. B) FISH was used to evaluate the localization of hsa_circ_0006470 in AGS and MKIN45 cells.
C) RT-qPCR was performed to confirm the level of hsa_circ_0006470 in AGS and MKN45 cells.**p<0.01 compared with control group.
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affect the expression levels of hsa circ_ 0006470 in AGS and
MKNA4S5 cells, while it significantly inhibited the expression levels
of the linear mRNA molecule (Figure 1C). These data suggested
that hsa_circ_0006470 exhibited a closed cyclic structure.
Moreover, the data suggested that hsa circ 0006470 expression
was downregulated in AGS cells.

Overexpression of hsa_circ_0006470 inhibits the viabili-
ty and proliferation of GC cells

To explore the function of hsa_circ_0006470 in GC cells, they
were transfected with a hsa_circ_0006470 OE vector. The results
indicated that hsa_circ_0006470 OE caused a marked upregulation
in the expression levels of hsa circ 0006470 in GC cells (Figure
2A). In addition, hsa_circ_0006470 OE suppressed the viability of
GC cells (Figure 2B). hsa_circ_0006470 upregulation inhibited the
proliferation of GC cells (Figure 2 C,D). In summary, OE of
hsa_circ_0006470 notably inhibited the proliferation of GC cells.

Overexpression of hsa_circ_0006470 inhibits the migra-
tion of GC cells

In order to explore the effects of hsa circ 0006470 on the
migration of GC cells, a Transwell assay was performed. As shown
in Figure 3 A,B, pcDNA3.1-hsa circ 0006470 decreased the
migration of GC cells. OE of hsa circ_ 0006470 significantly
inhibited the migration of GC cells.

Overexpression of hsa_circ_0006470 induces G1 phase
arrest of GC cells

In order to evaluate the effects of hsa_circ_0006470 on the cell
cycle distribution, flow cytometry was performed. As demonstrat-

\Zopress

ed in Figure 4 A,B, hsa circ_ 0006470 OE caused a dramatic
induction of GO-G1 phase arrest in GC cells.

hsa_circ_0006470 is bound to miR-1234

In order to identify the downstream miRs of hsa_circ_0006470
involved in the development of GC, the circular RNA interactome
(https://circinteractome.nia.nih.gov/api/v2/mirnasearch?circular_r
na_query=hsa circ_0006470&mirna_query=hsa-miR-1234&sub-
mit=miRNA+Target+Search) was used. The results indicated that
hsa_circ_0006470 could bind to miR-1234 in GC cells (Figure
5A), and miR-1234 was shown to play a vital part in the oncogen-
esis of GC.? Therefore, miR-1234 was selected in the present
study. In addition, miR-1234 mimics significantly decreased the
luciferase activity of WT-hsa_circ_0006470, while it did not affect
the luciferase activity in MT-hsa circ 0006470 (Figure 5B).
hsa circ_ 0006470 was found to be co-localized with miR-1234 in
AGS cells (Figure 5C).

To further explore the target of miR-1234, TargetScan was
used. It was predicted that TP53111 may be the downstream
mRNA of miR-1234 (Figure 5D); moreover, TP53111 has been
shown to be a vital mediator of cell cycle progression.?* Therefore,
TP53111 was selected in the current study. In addition, miR-1234
mimics notably inhibited the luciferase activity of WT-TP53111,
whereas it had very limited effects on the luciferase activity of MT-
TP53111 (Figure SE). Moreover, hsa circ 0006470 OE signifi-
cantly increased the levels of TP53111 in AGS cells (Figure 5 F,G).
Taken together, the data indicated that hsa circ 0006470 was
bound to miR-1234 and TP53111 was directly targeted by miR-
1234.
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Figure 2. Overexpression of hsa_circ_0006470 inhibits the viability and proliferation of GC cells. AGS or MKN4S5 cells were transfected
with pcDNA3.1- hsa_circ_0006470 OE or pcDNA3.1-ctrl. A) RT-qPCR was used to evaluate the expression of hsa_circ_0006470 in
AGS and MKN45 cells. B) The viability of AGS and MKN45 cells was tested by CCK8 assay. C,D) The proliferation of AGS and
MKN4S5 cells was evaluated by EdU staining. **p<0.01 compared with control group.
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Figure 3. Overexpression of hsa_circ_0006470 inhibits the migration of GC cells. Transwell assay was used to evaluate the migration
of GC cells. **p<0.01 compared with control group.
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Overexpression of hsa_circ_0006470 inhibits the prolif-
eration of GC cells by regulating the miR-1234/TP53111
axis

To further investigate the mechanism by which
hsa_circ_0006470 regulates the tumorigenesis of GC, GC cells
were treated with TP53111 siRNA. The transfection efficiency was
investigated. Transfection of the cells with TPS53I11 siRNA
notably decreased the expression levels of TP53111 in AGS cells
(Figure 6A). Since GC cells were more sensitive to the effects of
TP53111 siRNAI, the latter was selected for subsequent analysis
(Figure 6A). In addition, hsa circ_0006470 OE notably inhibited
the viability of AGS cells, while this phenomenon was reversed by
TP53I11 siRNA1 (Figure 6B). Moreover, upregulation of
hsa_circ_0006470 expression significantly increased the expres-
sion levels of TP53111 and FOXO1 and inhibited the expression
levels of p-Akt and CDK2 in AGS cells; however, these phenom-
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ena were notably reversed in the presence of TP53I11 siRNA1
(Figure 6 C-G). In conclusion, OE of hsa circ_0006470 notably
suppressed the viability of GC cells by regulating the miR-
1234/TP53111 axis.

Discussion

GC seriously affects the physical and mental health of
patients.> The expression levels of specific circRNAs are closely
associated with the neoplastic transformation of GC cells.?® In
addition, it has been reported that hsa_circ_0006470 is involved in
the progression of GC. For example, Cui et al found that
hsa_circ_0006470 expression was significantly upregulated in GC
cells and that it could regulate the proliferation, migration, and
invasion of GC cells by binding to miR-27b-3p;?’ Yao et al. indi-
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Figure 5. miR-1234 is sponged by hsa_circ_0006470, and TP53I11 is targeted by miR-1234. A) Circular RNA interactome was used
to predict the binding sites between miR-1234 and hsa_circ_0006470. B) The relative luciferase activity in WI/MT-hsa_circ_0006470
was measured by dual luciferase reporter assay. C) The co-localization between hsa_circ_0006470 and miR-1234 in GC cells was
explored by FISH. D) Target scan was performed to predict the targets of miR-1234. E) The relative luciferase activity in WI/MT-
TP53111 was tested by dual luciferase reporter assay. EG) Western blot was used to evaluate the level of TP53111 in AGS cells. **p<0.01

compared with control group.
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cated that the downregulation of the expression of
hsa_circ_0006470 could predict tumor invasion of GC.?! In the
current study, the data indicated that hsa_circ 0006470 OE could
inhibit the malignant phenotype of GC cells and that
hsa_circ_0006470 could bind to miR-1234. The current study
explored the interaction between hsa_circ_0006470 and miR-1234
with regard to GC progression. Therefore, the data presented may
provide novel evidence that can be used to investigate further the
mechanisms underlying the function of circRNAs in GC.
circRNAs can bind to certain miRs during the progression of
GC.'*1¢ For example, OE of circ SH3KBP1 binding protein 1 pro-
moted the angiogenesis of GC cells by sponging miR-582-3p.?
Moreover, OE of circ-coiled-coil domain containing 9 suppressed
the proliferation of GC cells by targeting miR-6792-3p. Similarly,
miR-1234 was targeted by hsa circ_0006470 in the present study.
miR-6792-3p was verified to be a suppressor of cancer progres-
sion.?’ Therefore, the similar function between miR-1234 and miR-
6792-3p in cancer may be used to explain the similar data present-
ed between the current and previous research studies. In addition,
OE of hsa_circ_0006470 induced cell cycle arrest of GC. Wang
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et al. indicated that TP53I11 is a cell cycle-related protein.*
Therefore, it may be suggested that OE of hsa circ_0006470
inhibits the proliferation of GC cells by regulating the miR-
1234/TP53111 axis.

In addition, downregulation of TP53111 expression promotes
the AKT pathway in MCF10A cells.* In the current study, upreg-
ulation of hsa_circ_0006470 expression significantly increased the
expression levels of TP53111, FOXO and inhibited the expression
levels of p-Akt and CDK2 in AGS cells. The data reported in the
present study were similar to those of previous reports, suggesting
that TP53111 could regulate the expression of AKT.

Based on the aforementioned evidence, the novelty of the cur-
rent study was as follows: i) The interaction between

hsa_circ_0006470 and miR-1234 with regard to the progression of
GC was explored for the first time; ii) the downstream mRNA of
miR-1234 was investigated for the first time.

In conclusion, OE of hsa circ_0006470 notably inhibited the
tumorigenesis of GC cells by regulating the miR-1234/TP53111
axis. The findings may shed light on the discovery of novel thera-
peutic strategies against GC.
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Figure 6. Overexpression of hsa_circ_0006470 inhibits the viability of GC cells via regulating miR-1234/TP53111 axis and inhibiting
Akt/FOXO1/CDK2 pathway. AGS cells were transfected withTP53I11 siRNA1, TP53I11 siRNA2, TP53I11 siRNA3 orTP53I11
siRNA-control. A) RT-qPCR was used to evaluate the level of TP53111 in AGS cells. B) The viability of GC cells was assessed by CCK8
assay. C-G) Western blot assay was performed to evaluate the level of TP53111, Akt, p-Akt, FOXO1 and CDK2 in AGS cells.**p<0.01
compared with control group.
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