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Introduction

According to world health statistics, there are more than 750,000 new cases were
diagnosed with gastric cancer (GC) each year globally. Although surgery, che-
motherapy, radiotherapy and other comprehensive treatments are often used to
treat GC patients, the therapeutic outcomes and clinical prognosis are still not
satisfactory. The S5-year survival rate of GC patients is 25% to 35%. Currently,

there is a lack of comprehensive understanding regarding the pathogenesis of GC,
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Department of Gastrointestinal Surgery, ~ as Well as on specific GC tumor markers for clinical diagnosis. There are only a

Affiliated Tumor Hospital, Guangxi limited number of oncogenes and tumor suppressor genes described in GC till date.
Medical University, Nanning 530021, L. . .
People’s Republic of China Therefore, it is imperative to study the mechanism of GC development, explore
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new biomarkers and therapeutic targets to facilitate early diagnosis and clinical

submit your manuscript Cancer Management and Research 2020:12 15-30 15

Dove n in n © 2020 Wei et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are avallable at https://www.dovepress.com/terms.php
hetp: FarTam 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creati 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, pvowded 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/0000-0001-7969-3505
mailto:2370860284@qq.com.cn; 
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Wei et al

Dove

With the advancements in medical research, new pro-
gressions were made in studying the transcription, transla-
tion, and coding of genes. Studies on circular RNA
(circRNA) have brought new hope in the research of GC.
circRNA is a new type of RNA that is different from
traditional linear RNA, wherein it has a closed loop struc-
ture and is expressed in eukaryotic cells. In the transcrip-
tome, most of the circular RNAs are composed of exon
sequences, which are conserved in different species, and
express specificity in different developmental stages of the
tissues. In 2013, Hansen et al have found that the expres-
sion of ciRS-7 blocked miR-7, showing the function of
this circular RNA.'? These circRNAs act as miRNA
sponge in different species, and they are also called as
competitive endogenous RNA (ceRNA) due to their com-
petitive binding to miRNA. Hence, miRNA regulates the
expression of target genes and is influenced by circular
RNA that competitively binds to miRNA, and this in turn
plays an important role in disease regulation.

The occurrence and development of GC involves multi-
gene and multi-factoral interaction process. Previous studies
have shown that circRNAs are associated with the occurrence
and development of GC. Previous studies have shown that
downregulation of circRNA 100269 is associated with p
prognosis in GC, while overexpression of circRNA 1002
inhibited miR-630 expression and tumor cg

tumor-suppressive rol
; nteracts with mis-
S, MAPK, PI3K,

squamous cell

N ancer.. CDC25A (also known as cell
division cycle 2 belongs to CDC25 family of phospha-
tases, which particip®es in cell cycle progression from Gl
to S phase, and activates the cyclin-dependent kinase CDC2
by removing the two phosphate groups. CDC25A is speci-
fically degraded in response to DNA damage, preventing
cells with chromosomal abnormalities from progression
through cell division. Thus, CDC25A is regarded as an
oncogene, but its exact role in oncogenesis has not been
demonstrated.” Aberrant CDC25A expression was asso-

ciated with disease progression in GC,* skin cancer’ and

retinoblastoma.'® The expression of CDC25A is down-
regulated by miR-497 in chondrosarcoma.'' However, the
interaction between circRNA, miR-497-5p and CDC25A in
GC has not been reported till now.

Hence, in this study, we found that circRNA 104433 and
CDC25A were abnormally overexpressed in GC, but miR-
497-5p expression was abnormally decreased in GC, showing
a close relation with the development of GC. Downregulation
of circRNA 104433 inhibited the growth of GC cells both in
vitro and in vivo, and hsa circRNA 104433/miR-497-5p/
CDC25A signaling pathway played and

stant role in this

of miR-497-5p was up-re
directly regulated C
hsa circRNA 10443

from The People’s Hospital of Guangxi Zhuang
s Region (Nanning, China) for circRNA chip
etection. Additionally, 61 pairs of gastric carcinoma tissues
d corresponding nonmalignant tissues were obtained from
participants through gastrectomy from The First Affiliated
Hospital of Guangxi Medical University (Nanning, China)
for validation. Written informed consent was obtained from
all patients before collecting the tissues. All samples were
divided into two parts. Some specimens were immediately
frozen in liquid nitrogen and stored at —80°C until use, another
set of specimens were fixed in 10% formalin and analyzed by
hematoxylin-eosin staining (HE). No other treatments should
be received by patients before undergoing surgery. The sub-
jects were informed about the study design and purpose
according to the Declaration of Helsinki. This study was
approved by the Ethics Committee of Affiliated Tumor
Hospital of Guangxi Medical University. The pathological
diagnoses were done according to the WHO 2007 classifica-
tion of gastric carcinoma.

Microarray Analysis

Five pairs of gastric carcinoma tissues and their correspond-
ing nonmalignant tissues were detected by circRNA micro-
array. The experiment and data collection were completed by
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Kang Cheng Biological Company, Shanghai, China. Labeled
cRNAs were hybridized onto the Arraystar Human circRNA
Array V2 (8x15K, Arraystar). The arrays were scanned by
the Agilent Scanner G2505C. Agilent’s feature extraction
software (version 11.0.1.1) was used to analyze the acquired
array images.

Identification of circRNAs and Analysis of
GEO DataSets

For comparing the profile differences of the two groups (can-
cer versus paracancer), the “fold change” (i.e. the ratio of the
group averages) between the groups for each circRNA was
computed. Statistically significant difference was evaluated by
t-test. CircRNAs with 2 fold changes and P-values of <0.05
were considered to be significantly different. The circRNA/
microRNA interaction was predicted using Arraystar’s
home-made miRNA target prediction software based on
TargetScan'? & miRanda,"® and the differentially expressed
circRNAs in all comparisons were annotated in detail with
circRNA/miRNA interaction information.

circRNAs expression profiles with accession GSE83521
and accession GSE93541 were obtained from the GEO
DataSets. The significantly differentially expressed cir
with accession numbers GSE83521 and GSE9354

Institute of CelggBiology, Chinese Academy of Sciences
(Shanghai, China). The cells were maintained in RPMI
1640 medium (Gibco, USA) supplemented with 10% fetal
bovine serum (Gibco, USA), 100 units/mL penicillin, and
100 pg/mL streptomycin at 37°C and 5% CO,.

RNA Extraction and qRT-PCR

Total RNA was extracted from fresh tissues and cells using
TRIzol reagent (Invitrogen, Carlsbad, USA). Reverse

obtained through bioinformatic analysis. Accession nu i

transcription was performed using RNA PCR kit (AMV,
TaKaRa). Quantitation of circRNA, miRNAs and mRNA
were carried out by qRT-PCR using SYBR Premix Ex
TaqTM (TaKaRa, Otsu, Japan) according to the manufac-
turer’s instructions. U6 or GAPDH was used as an internal
control for gene expression. Primer sequences are pre-
sented in Table 1. CircRNA 104433 expression level in
61 GC tissues was calculated using ACt method with
GAPDH as the control, and the lowerACt values indicate
higher expression levels. The relative expression of each
gene with the control group in cclighmee was calculated by
2-24C method.

Cell Transfectio

23-NC and 7901-NC groups. MGC-823 and
901 were transfected with lentiviral vectors harbor-
Ai sequence targeting hsa circRNA 104433, and
named as 823-Si- circRNA 104433 group and 7901- Si-
circRNA 104433 group. Cells were collected from each
group after 72 hrs of transfection, which were then used in
subsequent experiments.

Cell Cycle Assay

The GC cell lines, MGC-823 and SGC-7901, were col-
lected after transfection at 72 hrs and digested using rou-
tine methods. The cell suspensions were prepared with
PBS and the cell concentration of each cell suspension
was counted. After adjusting the number of cells to
1x10%sample in a total volume of ImL in each group,
400 pL propidium iodide (PI) was added to each sample,
and then incubated at 4°C in a refrigerator in darkness for
30 min. The cell cycle of the cell samples were detected by
flow cytometer after incubation for 30 min.

Cell Proliferation Assay

The GC cell lines, MGC-823 and SGC-7901, were harvested
after transfection at 72 hrs. 100 puL of cell suspension con-
taining 2000 cells was added to each well in a 96-well plate,
and each group was run twice. Cell proliferation was detected
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Table | Base Sequence of Primers Used in This Work

Name

Base Sequence

miR-497-5p primer

U6 forward primer

U6 reverse primer
circRNA_104433 forward primer
circRNA_104433 reverse primer
CDC25A forward primer
CDC25A reverse primer
GAPDH forward primer
GAPDH reverse primer

5'- CAGCAGCACACTGTGGTTTGTAA-3”
5'- GGAACGATACAGAGAAGATTAGC-3'
5'- TGGAACGCTTCACGAATTTGCG-3'
5-ATCCCAGAGGCTCTCCTCAC-3'

5'- AGCACATCAAGAAGCCCATC-3'
GGCAAGCGTGTCATTGTTGTG
ACAGCTCAGGGTAGTGGAGTTTGG

5'- GTGCACCTTGGTCCATTTG-3'
5-TGGTGAAGACGCCAGTGGA-3'

circRNA_104433-RNAi(70665-2) 5'-CCGGCTTCAAGTGTCGAGATTGCCTCGAGGCAATCTCG AGTTTTT-3'
at 5-time points (0 h, 24 h, 48 h, 72 h, and 96 h). Ateachtime  Tymor Xenograft
point, 10% cck-8 diluent was added to each well, and the  A]l animal studies he Ethics

absorbance of each well was measured at a wavelength of
450 nm by using a microplate reader.

Cell Apoptosis Assay
The GC cell lines, MGC-823 and SGC-7901, were col-
lected after transfection for 72 hrs. The number of cells
was diluted to 2x10° cells/sample in a total volume of 1mL
in each group. The sample was then subjected to centri

lected after transfecti
each group was 34a

e stamning assay, AO solution and EB
solution were migl at a ratio of 1:1 to prepare a working
fluid. Then, 20uL o

into per milliliter of the medium of the well. Cell apoptosis

e working fluid was added directly

was determined by fluorescence microscopy after incuba-
tion for 5 min at room temperature.

For Hoechst assay, 500uL of Hoechst 33258 staining
solution was added into each well, with shaking for 5 min.
Cell nuclei apoptosis was detected by fluorescence micro-
scopy at 350 nm excitation wavelength and at 460 nm emis-
sion wave length.

sfection for 72 hrs. Then, each medial
se was hypodermically injected with a
ells in 250pL PBS. Each group had 4 nude
hich 823-NC group was injected with negative
ontrol lentiviral vectors transfected into MGC-823 cells
d 823-Si-circRNA 104433 group was injected with
entiviral vectors with RNAi sequence targeting
hsa circRNA 104433 transfected into MGC-823 cells.
The length and width of subcutaneous transplantation
were measured every 4 days for 24 days using the for-
mula, V= tumor size, using the formula; V (mm®) =
length x (width/2).? After 24 days, the mice were eutha-
nized and the volume of tumors was assessed.

Prediction of miRNA and circRNA

Interactions

To identify the target microRNAs for hsa_circRNA 104433,
the hsa circRNA 104433/microRNA interaction was pre-
dicted using the Arraystar’s home-made miRNA target pre-
diction software based on TargetScan & miRanda. The data
containing original microarray data of miRNAs in 446 GC
tissues and 45 normal gastric tissues were also obtained from
The CancerGenome Atlas (TCGA) database. The R language
(Version R3.44) edgeR package was used to analyze the
differences in the expression of miRNAs, and the differen-
tially expressed miRNAs were screened using the filter
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condition of log2FoldChange>1 and P value<0.05.
According to the nature of interactions between circRNA
and miRNA, the miRNAs that show opposite expression in
GC in TCGA database were chosen for further analysis.
The intersection of the above data included candidate
miRNAs, which in turn could be the target genes of
hsa circRNA 104433.

Prediction of miRNA and mRNA

Interactions

To identify the target mRNA for hsa-miR-497-5p, the data
were predicted using 3 websites and the following
algorithms were used: TargetScan (https://www.targetscan.

org), miRTarBase (http:/mirtarbase.mbc.nctu.edu.tw) and
miRDB (http://www.mirdb.org). The intersections of the 3
databases were chosen for further analysis. Data containing

original microarray data of mRNAs in 375 GC tissues and 32
normal gastric tissues were also obtained from TCGA data-
base. The R language (Version R3.44) edgeR package was
used to analyze the differences in expression of mRNAs, and
differentially expressed mRNAs were screened out using the
filter condition of log2FoldChange>1 and P value of <0.05.
According to the nature of interaction between miR

mRNA, the mRNAs that show the opposite expression
in TCGA database were chosen for further analysis.

date mRNAs, which act as target gene
In addition, the co-expression of
5p in GC was analyzed, and th
were downloaded from the
Commons Data Portal.

miR-497-5p,
was performed. ®rhe luciferase activities were measured

d CDC25A, dual luciferase reporter assay

using the dual-luciferase reporter assay system (Promega,
Madison, WI). Before plasmid transfection, the isolated
cells were cultured on 24-well plates for 24 hrs. To deter-
mine the success of transfection after 24 hrs, the fluores-
cence level of the GFP marker gene was observed by

fluorescence microscopy. The dual-luciferase

reporter
assay system (promega E1910) kit was used to prepare

the cells and detect the luciferase activity.

Western Blot Assay

GAPDH and CDC25A rabbit anti-human antibodies were
purchased from Cell Signaling Technology. CCNBI1 rabbit
anti-human antibodies were bought from Abcam. Anti-rabbit
antibodies for GAPDH, CDC25A, and CCNBI1 and second-
ary antibodies of IRDye 800 raised in goat were purchased
from Li-Cor Biosciences (Lincoln, NE, USA). The proteins
were extracted from cells using Western blot and IP kits
(Beyotime, Beijing, China) and protease inhibitor phenyl-

methanesulfonyl fluoride (Beyotime, China).

Beijing,

<(0.05 was regarded as significant difference.

Results
Expression Profile of Circular RNA in GC

There are 5 gastric cancer and 5 adjacent normal gastric
tissues in the circRNA expression profiles. After normal-
izing the intensity values of all samples, the median of
difference of samples was normalized almost on the same
line as shown in the box plot (Figure 1A). The variations
in circRNAs expression across different samples were
1B).
Differentially expressed circRNAs with statistical signifi-

evaluated by scatterplot visualization (Figure
cance between the two groups were identified through
volcano plot filtering (Figure 1C), and they were con-
structed using fold-change values and P-values. Based on
differentially expressed circRNAs, the hierarchical cluster-
ing was established to describe the differences in circRNA
expression among the samples (Figure 1D). A total of
2758 circRNAs showed significant aberrations in the
expressions between the two groups (P<0.05, Table S1).
With a cut-off of fold-change value >2.0 and P-value
<0.05, a total of 683 circRNAs showed differential expres-
sion based on microarray analysis, in which 352 were up-
regulated and 331 were down-regulated (Table S1).
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Figure | Differences in circRNA expression profile between GC tissues and paired adjacent normal tissues.

Notes: (A) The box plot showed variations in circRNA expression. (B) Scatter plots are used to evaluate the differences in circRNA expression. (C) Volcano plots
illustrated differential circRNA expression, in which the red points represent the differentially expressed circRNAs with statistical significance. (D) The heatmap shows
differentially expressed circRNAs in 5 GC tissues and paired adjacent normal tissues. Gene expression profiles are presented in rows. “Red” indicates high relative

expression, and “blue” indicates low relative expression.

Annotation of Different circRNAs in GC  type, length, and fold-change distribution of circRNAs
The general characteristics of data from 683 circRNAs are presented in supplementary Table S1. The binding
were analyzed. The chromosome location, classification sites for miRNA and the names of miRNAs are shown
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in Table S1. Most of the circRNAs are located on
chromosome 1. The length of different circRNAs ranged
between <500nt and 4001~16000nt. The fold-changes of
all circRNAs ranged from 2 to 2.5. The circRNAs are

classified into 5 types: “exonic”, “intronic”, “antisense”,
“sense overlapping” and “intergenic”. The functional
classification of circRNAs mainly focused on the

exonic type.

The Intersection of Different Chip Data

Data regarding the expression profiles of circRNAs, with
accession numbers GSE83521 and GSE93541 were obtained
from the GEO DataSets. The expression of these circRNAs
was analyzed by bioinformatic tools. A total of 3071
circRNAs showed significant differential expression between
the 2 groups in the microarray of GSE83521 (P<0.05,
Table S2), and 1618 of these were up-regulated and 1453
were down-regulated (Table S2). A total of 621 circRNAs
showed differential expression between the 2 groups based on
the microarray analysis of GSE93541 (P<0.05, Table S2),
wherein 332 were up-regulated and 289 were down-regulated
(Table S2). Intersections of circRNA of different expressions
of our chip results (fold-change value>2.0 and P-value
with accession numbers GSE83521 and GSE93541 are s
in Table 2. A total of 9 circRNAs showed upg i
showed downregulation (Figure 2A anddP
hsa circRNA 104433 showed the, highe
with a Log2 (fold change) of 4.4

Up-Regulation of hsa_circRNA_104433
in GC

The results of gRT-PCR showed that hsa circRNA 104433
was up-regulated in SGC-7901, HGC-27, MGC-803 and
MGC-823 cell lines when compared to normal cell line GES
(P<0.05, Figure 2C). Compared to normal adjacent tissues
from 61 patients, hsa_circRNA 104433 showed upregulation
in GC tissues (P<0.05, Figure 2D), and its expression was
positively correlated with the degree of differentiation and size
of the tumor (P<0.05). The expression of circRNA 104433
showed no correlation with T clag
>0.05, Table 3). Compared vy
expression of hsa_circ

gender or age (P

gastric cells that were,

QircRNA_ 104433

liferation

ow cytometry showed that the percentage of
/Gl in Si- circRNA 104433 group was
the percentage of cell phase S in Si-
2104433 group was decreased when compared to
ative control group (P<0.05, Figure 3A and B). This
indicated that down-regulation of hsa_circRNA 104433 pre-
vented cells from entering the S phase from G1 in MGC-823
and SGC-7901 cells, suppressing cell division and prolifera-
tion. The results of CCK-8 analysis showed that the A value

Between Gastric Cancer and Normal Gastric Tissues

Regu Catalog Chrom Strand Best Transcript Gene Symbol
Up Exonic chr7 + NM_005720 ARPCIB
Up Exonic chrl7 - NM_000088 COLIAI
Up Exonic chrl9 + NM_004368 CNN2
Up Exonic chré + NR_015410 CASCI5
Up Exonic chrlé + NM_017869 BANP
Up Exonic chrlé + NM_003869 CES2
hsa_circRNA_10 X . Up Exonic chrlé + NM_031476 CRISPLD2
hsa_circRNA_101541 0.003 2.133 Up Exonic chrl5 - NM_004039 ANXA2
hsa_circRNA_101539 0.003 2.107 Up Exonic chrl5 - NM_004039 ANXA2
hsa_circRNA_100041 0.027 2.638 Down Exonic chrl - NM_012102 RERE
hsa_circRNA_102374 0.046 2.264 Down Exonic chrl8 + NM_015285 WDR7
hsa_circRNA_400102 <0.001 2.190 Down Intronic chr9 - ENS298532 SNAPC4
hsa_circRNA_101525 0.021 2.185 Down Exonic chrl5 + NM_004855 PIGB
hsa_circRNA_102924 0.005 2.096 Down Exonic chr2 - NM_006216 SERPINE2
Abbreviations: CircRNA, circular RNA; FC, fold change; Regu, regulation; chrom, chromosome.
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Figure 2 Filtering and validation of differentially expressed circRNAs in GC.

Notes: (A, B) Based on differentially expressed circRNAs of our chip results, GEgD e
circRNA_104433 in GC cell lines, in which 61 GC patients and GC cells transfd

presented as mean * S.D. *P < 0.05, **P < 0.01.

of Si- circRNA_ 104433 group was lo

3-Si- circRNA_104433 group
and 7901- Si- C% A 104433 group than that in the
negative control gro®s (Figure 4A-F). These results indi-
cated that down-regulation of hsa circRNA 104433 pro-
moted cell apoptosis in MGC-823 and SGC-7901 cells.

Knockdown of hsa _circRNA 104433

Inhibited GC Growth in vivo
To further explore the function of circRNA 104433 in tumor
growth in vivo, xenograft experiments were performed, and

one nude BALBC/c mouse died naturally in each group
during the experiment. The volume of tumors was
smaller in 823-Si- circRNA 104433 group and 7901- Si-
circRNA 104433 group than that in the negative control
groups (Figure 4G and H). These results indicated that
knockdown of circRNA 104433 effectively inhibited
tumor growth in GC.

The Interaction Between Differentially
Expressed circRNAs and miRNAs

The circRNA/microRNA interaction was predicted using
the Arraystar’s home-made miRNA target prediction soft-
ware, and the differentially expressed circRNAs across the
groups were annotated in detail using the cicRNA/miRNA
interaction information. Each circRNA was predicted to
bind to 5 possible microRNAs, and the names of the
microRNAs are provided in the column “MREs” of the
excel file that contained the differentially expressed
circRNAs (Table S1).
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Table 3 Clinico-Pathological Variables and the Expression Level
(Act) of circRNA_104433 in Gastric Cancer Patients

Characteristics No. of Cases | MeantSD P value
(%)

Age (years)
<60 37 (60.7) 4.604+0.471 | 0.178
260 24 (39.3) 5.635+0.98

Gender
Male 42 (68.9) 4.885+0.451 | 0.623
Woman 19 3L.1) 5.285+0.675

Tumor size (cm)
<5 32 (52.46) 5.015+0.532 | 0.043*
25 29 (47.54) 4.222+0.487

TNM stage
11l 25 (40.98) 4.231+0.555 | 0.081
-1V 36 (59.02) 5.550+0.485

Lymph node metastasis
No 21 (34.43) 4.372+0.639 | 0.218
Yes 40 (65.57) 5.344+0.455

Distant metastasis
Mo 42 (68.85) 4.972+0.484 | 0.883
MI 19 (31.15) 5.092+0.554

Differentiation
Well and moderate 13 (21.31) 6.987+0.736 | 0.
Poor 48 (78.69) 4.474+0.399

Note: * Statistically significant.
Abbreviation: TNM, tumor, node, metastasis.

-mRNA

Construction of circR

Regulation Networ,
hsa-miR-545-3p,
5-3p were pre-

hsa_circRNA 104433
According to the analysis of TCGA database that contained
the original microarray data of miRNAs from 375 GC tissues

and 32 normal gastric tissues, differentially expressed
miRNAs were screened out, and the filter condition was
log2FoldChange >1 and P value <0.05. A total of 305 differ-
entially expressed miRNAs were screened out from TCGA
database, wherein 208 miRNAs showed up-regulation and

97 miRNAs showed down-regulation (Table S2). The
circRNA/microRNA interaction was predicted using the
Arraystar’s home-made miRNA target prediction software,
and the results showed that the 5 miRNAs that interacted
with hsa circRNA 104433 included hsa-miR-497-5p, hsa-
miR-545-3p, hsa-miR-636, hsa-miR-15a-5p and hsa-miR-
335-3p. According to the nature of interaction between
circRNA and miRNA, the down-regulated miRNAs in GC
based on TCGA database were chosen further as an intersec-
tion object. The gene found at the intersection of the 2 data

was hsa-miR-497-5p, which wa; mlered as the target

iR-497-5p were higher

group and 7901- Si-

SGC-7901 cell lines in vitro. Thus, it is
hsa_circRNA 104433 can reduce hsa-miR-
pression as knockdown of circRNA 104433
in the up-regulation of hsa-miR-497-5p.

CDC25A Was Negatively Regulated by
hsa-miR-497-5p

According to the original microarray data of mRNAs from
375 GC tissues and 32 normal gastric tissues in TCGA
database, 11,557 differentially expressed mRNAs were iden-
tified, in which 7921 mRNAs showed up-regulation and
3636 mRNAs showed down-regulation (Table S2). The tar-
get genes of hsa-miR-497-5p were predicted by TargetScan,
miRTarBase and miRDB databases, and the intersections of
the 3 databases were chosen. A total of 27 genes were
identified (Table S2), and their functions were analyzed
using the online tool STRING version 10.5. According to
the nature of interaction between miRNA and mRNA, the
up-regulated mRNAs in GC from TCGA database were used
as subsequent intersection objects. CDC25A was found to be
the target gene of hsa-miR-497-5p. According to the analysis
of original microarray data from TCGA database on 372 GC
tissues, the expression levels of hsa-miR-497-5p and
CDC25A showed negative correlation (P<0.05). The data
indicated that CDC25A might be a target gene of hsa-miR-
497-5p in GC tissues. This was further confirmed by
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Figure 3 The effect of knoclown of circRNA_104433 on cell cycle distribution and proliferation in GC cells.

Notes: (A) Flow cytometer assay was performed to assess the cell cycle. (B, C) The cell cycle distribution of each group was compared. (D, E) CCK8 assay was performed
to assess cell proliferation. The OA value curve was used to compare cell proliferation of each group. All data are presented as mean * S.D. *P < 0.05.

biluciferase reporter experiment, wherein the relative lucifer- ~ +miRNA group (P<0.05, Figure 5B and D). Meanwhile,
ase activity of CDC25A 3" UTR WT+miRNA group was  knockdown of circRNA 104433 resulted in the up-regula-
lower than that of NC group and CDC25A 3' UTR MT both  tion of hsa-miR-497-5p and down-regulation of CDC25A

24 submit your manuscript Cancer Management and Research 2020:12

Dove!


http://www.dovepress.com
http://www.dovepress.com

Dove Wei et al

MGC-823 SGC-7901
A Si-circRNA_104433 NC Si-circRNA_ 104433 NC B
10° 10° 10° 10° (5]
%Lg.s% F v %Lg.a% B %L;.J% Fos %L(;J% o = 20
102 lﬂz—; 107 107 | ; 1 5 *
3 w0 FERUE 3 10" 3 10
3 i i *g_ 10
3 L4 'nnELs ] w s La L a3 L4 % 5 &
J839%  [141% J982% [12% 1947% |46% J983%  |08%
Tl L Bl B o ) el 8o
10° 10 102 10 10° 10 102 10 10° 10! 102 10 10° 10! 102 10
ANNEXIN-PE ANNEXIN-PE ANNEXIN-PE ANNEXIN-PE F 1 3 4
C Si-circRNA 104433 Si-circRNA 104433 NC D
. . «* . QL

(]
20,
% 15 *
o
<10
[}
& 5
20
= 1 2 3 4
§ —— 823-Si-circRNA_104433
= — —— 823-NC
<| ﬂE
: £ 6001 .
2 [
7 2 400
on >
> 5
£ 200
=}
Q) -
~ 0
& O * B 3 & D

Figure 4 Thé
Notes: (A, C, E
of each group was c8
of each group. The tu

of knockdown of circRNA_ 104433 on cell apoptosis and tumor growth of xenograft in GC.

cytometer assay, AO-EB double staining and Hoechst assay were performed to assess cell apoptosis, respectively. (B, D, F) The rate of cell apoptosis
gred. (G) The images of transplanted tumors in each group (three per group) in nude mice. (H) The growth curve was used to compare the tumors
volume was measured every four days. All data are presented as mean * S.D. *P < 0.05.

and CCNBI in 823-Si- circRNA_ 104433 group and 7901- Prognostic Value and Coexpression Gene
Si- circRNA 104433 group when compared with control Analysis of CDC?25A in GC

vector group cells (P< 0.05, Figures SE-F and 6A). These  The network proteins associated with CDC25A were ana-
results indicated that hsa-miR-497-5p can reduce the expres-  lyzed using the online tool STRING version 10.5. The pro-
sion of CDC25A. teins CDC25A, CDK1, CDK2, CCNB1, PKMYT1, CDC20
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Figure 5 Confirmation of target gene.

Notes: (A) The base sequence of interaction of miR-497-5p and circRNA_ 104433 wild-type 3"-UTR and continuous missing style of 3' UTR reporters. (B) The base
sequence of interaction of miR-497-5p and CDC25A wild-type 3’-UTR and continuous missing style of 3’'UTR reporters. (C, D) Comparison of differentially expressed
luciferase activity in each group. (E, F) Comparison of differentially expressed miR-497-5p and CDC25A in each group. All data are presented as mean * S.D. *P < 0.05,

**P < 0.01.
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Figure 6 The prognosis of CDC25A and its related protein mechanism in GC cells.

Notes: (A) Images of genes and protein expressions were detected by Western blotting assay. Comparison of differentially expressed genes in each group. |, 823-NC
group; 2, 823-Si- circRNA_ 104433 group; 3, 7901-NC group, 4, 7901-Si- circRNA__ 104433 group. All data are presented as mean * S.D. *P < 0.05. (B) The Kaplan Meier plot
was performed to assess the effect of CDC25A gene expression on survival rate in 876 GC patients. Analysis of original microarray data on GEO DataSets with original
microarray data (GSE14210, GSE15459, GSE22377, GSE29272, GSE5 1105, GSE62254). (C) The network proteins associated with CDC25A were analyzed using the online
tool STRING version 10.5.

Cancer Management and Research 2020:12 submit your manuscript 27

Dove


http://www.dovepress.com
http://www.dovepress.com

Wei et al

Dove

WEE2, WEEl and CHEKI1 showed interaction with
CDC25A. The proteins CDK1, CDK2, CCNBI, PKMYTI,
CDC20, CHEK1 and CDC25A were coexpressed in homo
sapiens, in which they regulate the cell cycle. Additionally,
some of these were involved in mitotic nuclear division as
shown in Figure 6C. The Kaplan Meier plotter was used to
assess the effect of 54,675 genes on the survival rate in 1065
GC patients, with a mean follow-up period of 33 months.
According to the analysis of original microarray data
on GEO DataSets (GSE14210, GSE15459, GSE22377,
GSE29272, GSES51105, GSE62254), the number of patients
with high expression of CDC25A included 282, and those
with low expression of CDC25A included 594. The median
survival period of patients with high expression levels of
CDC25A (21.3 months) was shorter than that of those with
low expression of CDC25A (359 months) (P<0.05,
Figure 6B).

Discussion
GC is prevalent in middle- and late-stage individuals.
Most of the GC patients are unsuitable for surgical treat-
ment due to advanced stages, while a few others do not
respond to chemotherapy. However, individualized gene-
targeting therapy is considered to be an effective metl
for destroying tumors and in turn can find the diseas
causing genes in such patients. So, regulatiqg

molecules of circR
and are not affecigaal

sion of circRA#
degraded.'@& 7 AT
RNAs (lincR

W were extensively studied and reported
gre were only a few studies on the role
of circRNAs in GC:
to determine the role of circRNAs in GC, and the results

herefore, this study was conducted

revealed that many circRNAs showed abnormal expres-
sion in GC cells based on microarray analysis. Combined
with GEO database analysis, circRNA 104433 showed
abnormally high expression in GC tissues and in the sera
of GC patients. Further experimental results showed that
circRNA 104433 was highly expressed in GC cell lines,

and positively correlated with the degree of cell

differentiation and size of the tumor. Moreover, knock-
down of circRNA 104433 inhibited tumor growth and
promoted cell apoptosis in GC. These results showed that
circRNA 104433 plays a crucial role in GC development
and might act as a potential therapeutic target and a bio-
marker for GC.

MicroRNAs play an important role in a variety of dis-
eases. Shan et al have reported that miR-497-5p was up-
regulated in ApoE-deficient mice and this might play an
important role in the pathogenesis of atherosclerosis.'”
Overexpression of hsa-miR-497-5p caug

the chemo-sensitivity of GC
crucial role of miR-497-5p in cancer,
-497-5p-based gene therapy is of great

ly, several studies have reported that decreased
C25A expression might inhibit malignant progression

cell-cycle 7.21,22

y  suppressing pathway. Similarly,
C25A plays a unique role in activating cyclin BI-
Cdkl (CCNB1-CDK1) at the centrosome,** and is thought
to be regulated by microRNA-99a-5p, miR-497 and miR-
483-3p in cancer.''?*?*> According to TCGA database
analysis, CDC25A showed upregulation in GC, while
down-regulation of CDC25A prolonged the survival per-
iod in GC. Meanwhile, Guo et al have reported the invol-
vement of PTEN-Akt-p53-miR-365-cyclin D1/CDC25A
axis in gastric tumorigenesis,”® and the delayed down-
regulation of CDC25A might contribute to cell adaptation
to quiescent state in GC.* Meanwhile, proteins associated
with cell cycle and mitotic nuclear division, such as
CDK1, CDK2, CCNB1, PKMYTI, CDC20, CHEKI1 and
CDC25A were coexpressed with CDC25A. Therefore,
CDC25A is considered to play an important role in cancer,
and thus development of CDC25A-based gene therapy for
GC treatment should be taken into consideration.
Numerous studies have confirmed that circRNAs acts as
a miRNA sponge in different cancer types.?’ >’ In this study,
hsa circRNA 104433 reduced hsa-miR-497-5p expression
through  bioinformatics biluciferase

analyses, report
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experiment, and circRNA 104433 knockdown experiments.
Also, knockdown of circRNA 104433 resulted in down-
regulation of CDC25A and CCNBI. Several studies have
confirmed that the functions of miRNA depend on their
downstream target genes, as miRNA binds to 3" UTRs of
transcripts of target genes.”® In addition, bioinformatics ana-
lyses, real-time quantitative PCR and biluciferase report
experiments confirmed that CDC25A was a target gene of
hsa-miR-497-5p. Finally, theoretical and experimental find-
ings of this study showed that circRNA 104433 and
CDC25A are linked by miR-497-5p.

In conclusion, our study showed that circRNA 104433 is
up-regulated in GC. Knockdown of circRNA 104433 inhib-
ited tumor growth and promoted cell apoptosis in GC.
CircRNA 104433 and CDC25A are linked by miR-497-5p.
Downregulation of circRNA 104433 inhibited tumor pro-
gression in GC. Thus, circRNA 104433 is considered to play
an important role in the development of therapies and might
be used as a diagnostic biomarker for GC.
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