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circRNA_0006470 promotes the proliferation and migration of gastric cancer 
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Cancer pathogenesis is in�uenced by epigenetic alterations mediated by circular RNAs (circRNAs). In this study, we 
aimed to investigate the regulatory mechanisms and cytological function of hsa_circ_0006470/miR-27b-3p in gastric 
cancer (GC). circRNA and microRNA expressions in cancer cells were measured by the qRT-PCR method. A dual-lucif-
erase reporter assay was performed to validate the binding of hsa_circ_0006470 with miR-27b-3p. hsa_circ_0006470 was 
silenced in AGS cells, and proliferation, migration, and invasion were tested via the CCK-8 assay and Transwell system, 
respectively. �e autophagy in GC cells was assessed by marker protein detection and transmission electron microscope. 
�e results showed that hsa_circ_0006470 expression was signi�cantly elevated in GC cells, which was mainly distributed in 
cytoplasmic components and could directly bind with miR-27b-3p in GC cells. Silencing of hsa_circ_0006470 repressed cell 
proliferation, migration, and invasion, which may be through regulating miR-27b-3p/Receptor tyrosine kinase-like orphan 
receptor 1 (ROR1). Silencing of hsa_circ_0006470 also elevated LC3II and Beclin-1 and suppressed p62 protein abundances, 
which subsequently induced autophagy in AGS cells. Furthermore, we found that hsa_circ_0006470 promotes phosphati-
dylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha (PI3KCA) expressing by sponging miR-27b-3p. In conclusion, 
hsa_circ_0006470 promoted GC cell proliferation and migration through targeting miR-27b-3p and suppressing autophagy 
machinery. 
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Gastric cancer (GC) is one of the major human malignant 
disorders mainly originating from the mucus-producing cells 
among the inside lining of stomach and featured with very 
high mortality caused by late diagnosis and lack of e�ective 
treatments. GC is regarded as the ��h most common cancer 
and the third cause of cancer-related deaths worldwide. �e 
average �ve-year survival rates of GC patients were reported 
to be less than 20% and more than 700,000 deaths per year 
have been due to GC all over the world [1, 2]. It has been well-
established that the development of GC was mainly attributed 
to the infection of Helicobacter pylori, as well as other risk 
factors like Epstein–Barr virus (EBV) infection and cigarette 
smoking [1, 3]. Recently, surgical resections and chemo-
therapy have been applied as the main therapeutic modalities 
for GC patients during the past decade [2]. Genetic mutations 
and abnormal alterations in various signaling pathways 
substantially contribute to the pathogenesis of GC, such as 

the Hedgehog signaling, Notch signaling, and nuclear factor-
kB (NF-kB) signaling pathways [1, 2]. �erefore, targeted 
therapy was suggested as promising alternatives for GC treat-
ment [4, 5] but its applications in clinical management greatly 
depend on the full elucidation of GC pathogenic mechanisms.

Autophagy refers to intracellular degradation processes of 
cellular materials mediated by the lysosomes and is respon-
sible for providing energy and forming macromolecular 
precursors through basal turnover of cellular components [6]. 
�e formation of autophagosomes, one double-membraned 
intracellular vesicles encapsulating cellular organelles 
or proteins, and its fusion with lysosomes controlled by 
a number of signaling events serve as key steps during 
autophagy machinery [6, 7]. Also, autophagy is an evolution-
arily conserved cellular process closely implicated in many 
basal biological processes such as development, metabolism, 
and responses to extracellular stresses and stimuli, as well 
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as various pathogenic conditions such as cancer develop-
ment [8–10]. Importantly, the autophagy-mediated degrada-
tion of damaged cellular organelles and long-lived proteins 
were closely involved in cell fate determination, epithelial-
to-mesenchymal transition (EMT), degradation of extracel-
lular matrix, microenvironment maintenance, angiogenesis, 
and metastasis during GC initiation and progression [11]. 
For instance, the inhibition of the autophagy process could 
promote GC metastasis through regulating reactive oxygen 
species (ROS) production and glycolysis [12]. Moreover, the 
modulation of autophagy processes has also been shown 
to mediate the repression and inhibition of GC induced by 
many therapeutic reagents such as paclitaxel, resveratrol, 
and celecoxib [13–15]. However, the regulation of autophagy 
machinery associated with GC development and treatment 
still remains poorly understood.

Non-coding RNAs have been characterized as key regula-
tors of cancer development and progression due to their 
widespread involvement in the epigenetic landscape [16]. 
Circular RNAs (circRNAs) are a large set of non-coding 
RNAs with covalently closed-loop structures, which are 
commonly generated through the pre-mRNA back-splicing 
biogenesis process [17]. Importantly, circular RNAs possess 
several unique characteristics including high stability and 
abundance, tissue-speci�c expressional pattern, and evolu-
tionarily conservation between species, which were closely 
associated with GC pathogenesis [17, 18]. For instance, the 
circPSMC3, one circRNA formed through back-splicing of 
PSMC3 (proteasome 26S subunit ATPase 3) gene, repressed 
GC cell proliferation and metastasis through sponging the 
miR-296-5p as one competitive endogenous RNA (ceRNA) 
[19]. Furthermore, many functional aspects of circRNAs were 
mediated by their potent regulation of the autophagy process 

during cancer development [20]. A recent report showed that 
the circ-DNMT1 promoted proliferation and survival of breast 
cancer cells through activation of the autophagy machinery 
[20]. In GC cells, the circ_0032821 has been characterized as 
a new oncogene due to its regulation of cell proliferation and 
metastasis via autophagy processes and mitogen-activated 
protein kinase 1 (MEK1) signaling [21]. Recent progress 
revealed the great potential of circRNAs targeting autophagy 
process as potential targets for GC diagnosis and treatments, 
which deserves further investigation.

In this study, we aimed to investigate the roles of one 
new circular hsa_circ_0006470 in GC cell proliferation and 
migration, as well as its e�ects on autophagy processes in 
GC cells. �ese analyses would provide new insights into the 
pathogenic mechanism of GC mediated by circular RNAs, 
which could serve as a basis for non-coding RNA-mediated 
GC diagnosis and treatment.

Material and methods

Cell culture and transfection. Human gastric mucosa 
epithelial cell line GES-1 and four GC cell lines AGS, 
HGC-27, Hs 746.T, and SNU-1 were purchased from Procell 
(Wuhan, China). Cells were cultured in DMEM medium 
(�ermo Fisher Scienti�c) supplemented with 10% bovine 
serum albumin (BSA; Sigma Aldrich) and 50 U/ml penicillin 
and streptomycin at 37 °C in a humidi�ed atmosphere with a 
supply of 5% CO2.

RT-PCR and quantitative RT-PCR. �e total RNA 
samples from GC cells or the control group were prepared 
using the TRIzol Universal Total RNA Extraction Reagent 
(#DP424; TianGen Biotech, Beijing, China) following the 
manufacturer’s instructions. Concentrations of RNAs samples 
were determined by measuring on a NanoDrop microvolume 
spectrophotometer and applied for the synthesis of the cDNA 
library using the FastQuant RT Super Mix (#KR108; Tiangen 
Biotech, Beijing, China) according to the protocol by the 
manufacturer. Subsequently, the quantitative PCR method 
was performed using the Talent Fluorescence Quantitative 
Detection Kit (SYBR Green) (#FP209; Tiangen Biotech, 
Beijing, China) following steps suggested by the manufac-
turer. Relative expressions of circRNA or microRNAs were 
�nally calculated by the 2–ΔΔCt method through normalization 
to the expression of U6 or GAPDH. �e existence of circular 
RNAs in cancer cells was validated by the RT-PCR method 
using opposite-directed and divergent primer pairs targeting 
linear mRNAs and circular RNAs, respectively. Primers used 
for quantitation are listed in Table 1.

Fluorescence in situ hybridization (FISH). �e subcel-
lular distribution of hsa_circ_0006470 in AGS cells was 
detected through the �uorescence in situ hybridization 
(FISH) method, using the RNA FISH probe kit A (#F03301; 
GenePharma, Shanghai, China) following the protocol 
provided by the producer. Brie�y, GC cells grown on slides 
were �rst washed with PBS solution two times, �xed with 

Table 1. Primer pairs used for quantitative RT-PCR analysis.
Primer name Sequence (5’–3’)
U6. F CTCGCTTCGGCAGCACA
U6. R AACGCTTCACGAATTTGCGT
GAPDH. F TGTTCGTCATGGGTGTGAAC
GAPDH. R ATGGCATGGACTGTGGTCAT
hsa_circ_0138960. F TCCTTGCCGACATTACAGATA
hsa_circ_0138960. R GTGGCAGGTCTATGCTACTTC
hsa_circ_0001895. F CATCGTGATAGTACCCAAGGAC
hsa_circ_0001895. R CTCCCGATCTGCCTCTTTG
hsa_circ_0006470. F ACTCATCATGGACTCCCTGC
hsa_circ_0006470. R TGAGCACCTCCTTAGCAGACA
hsa-miR-27b-3p. RT CTCAACTGGTGTCGTGGAGTCG-

GCAATTCAGTTGAGGCAGAACT
hsa-miR-27b-3p. F ACACTCCAGCTGGGTTCACAGTGGCTAAGT
hsa-miR-27b-3p. R CTCAACTGGTGTCGTGGA
hsa_circ_0006470X. F GGGACCGCATCTTCTTTGT
hsa_circ_0006470X. R GTGCTGCTCAAACTTGGTCTT

Abbreviations: F-forward primer; R-reverse primer; RT-reverse transcrip-
tion primer
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4% paraformaldehyde for 12 min at room temperature, and 
incubated overnight in the dark with circular RNA probes, 
which were synthesized by the GenePharma Company 
(Shanghai, China). After being washed again with PBS 
solution for 8 min at room temperature, the GC cell slides 
were then counter-stained with DAPI for 8 min at room 
temperature to visualize the cell nuclei and finally analyzed 
and photographed under a confocal laser scanning micro-
scope.

Dual-luciferase reporter assay. The direct bindings of the 
hsa_circ_0006470 with miR-27b-3p and miR-27b-3p with 
the 3’UTR sequence of PIK3CA in GC cells were verified 
through the dual-luciferase reporter assay. Briefly, the wild-
type (WT) or mutant (MUT) sequences of hsa_circ_0006470 
and 3’UTR sequence of PIK3CA were first ligated with 
the pmirGLO Dual-Luciferase miRNA Target Expression 
Vector (#E1330; Promega) as instructed by the manufac-
turer. Also, the miR-27b-3p mimics (5’-UUCACAGUG-
GCUAAGUUCUGC-3’) and its negative control (NC; 
5’-UUUGUACUACACAAAAGUACUG-3’) sequences 
were synthesized by the GenePharma Company (Shanghai, 
China). The above-mentioned pmirGLO-circ_0006470 WT 
or pmirGLO-circ_0006470 MUT vectors, and pmirGLO- 
PIK3CA-3’UTR WT or pmirGLO- PIK3CA-3’UTR MUT 
vectors, were transfected into the cultured AGS cells using 
the Lipofectamine 3000 reagent (Thermo Fisher Scien-
tific) following the producer’s instructions, together with 
miR-27b-3p mimics or NC sequences as specified. The lucif-
erase activity in cells was finally measured by a luminom-
eter for evaluation of the interaction between circRNA and 
microRNA.

Cell proliferation and migration. The proliferation of 
GC cells was measured by the CCK-8 method using the Cell 
Counting Kit-8 reagent (#CK04; Dojindo, Japan) according 
to the producer’s instructions. Briefly, AGS cells were 
collected by centrifugation at 800×g for 5 min and seeded in 
96-well plates (4,000 cells/well). After being cultured under 
normal culture conditions for 24 h, 48 h, and 72 h at 37 °C, 
cells were incubated with 10 μl CCK-8 reagent for another 3 h 
at 37 °C, and the absorbances at 450 nm (OD450) were finally 
measured on a plate reader. The proliferation of GC cells was 
assessed by the alterations of OD450 values. The migration of 
GC cells was analyzed using the Transwell System (Corning). 
Briefly, cells in serum-free DMEM were seeded in the upper 
chamber of the Transwell plates and cultured for 24 h at 
37 °C. Cells that migrated into the lower chambers filled with 
DMEM containing 10% FBS were then stained with 1% 
crystal violet and observed under a microscope.

Western blotting. Total proteins were extracted from 
cultured GC cells using the RIPA Lysis and Extraction Buffer 
(#89900; Thermo Fisher Scientific) following the produc-
er’s instructions. Protein concentration was detected by 
the Pierce BCA Protein Assay Kit (#23227; Thermo Fisher 
Scientific) as instructed by the manufacturer. Subsequently, 
proteins were boiled at 100 °C for 5 min in protein loading 

buffer, separated by SDS-PAGE, and transferred onto PVDF 
membranes (Millipore). After being blocked with 5% lipid-
free milk solution for 2 h at room temperature, proteins on 
PVDF membranes were then incubated with diluted primary 
antibodies overnight at 4 °C or for 2 h at room temperature, 
followed by the secondary antibody incubation for 1–2 h at 
room temperature and final development with the Pierce 
ECL Plus Western Blotting Substrate (#32134; Thermo 
Fisher Scientific). The GAPDH proteins were simultane-
ously detected as the internal standard. Antibodies used for 
protein quantitation include anti-LC3B (#ab51520; Abcam), 
anti-p62 (#88588; CST), anti-Beclin-1 (#ab210498; Abcam), 
ROR1 (#ab91187; Abcam), PIK3CA (#ab40776; Abcam), 
and anti-GAPDH (#ab181602; Abcam).

Transmission electron microscopy. The autophagy 
progression in AGS cells was evaluated through observa-
tion of autophagosome formation by transmission electron 
microscopy (TEM). Briefly, GC cells were grown on slides, 
which were then washed twice with PBS solution, fixed in 
2.5% glutaraldehyde solution (dissolved in PBS solution) 
for 1.5 h at room temperature, and incubated with 1.2% 
osmium tetroxide solution for 20 min at room temperature. 
The formation of autophagosomes in GC cells was finally 
observed under a transmission electron microscope.

Statistical analysis. The SPSS 20.0 software was used in 
this study to analyze quantitative data presented as mean ± 
standard deviation. Differences among two groups or more 
groups were evaluated by the Student t-test or ANOVA 
(analysis of variance) method. The p-value < 0.05 was used 
for the definition of significant differences.

Results

Elevated hsa_circ_0006470 and decreased miR-27b-3p 
expression in GC cells. To study the potential patho-
genic roles of non-coding RNAs in GC, we first detected 
the expressional alterations of three candidate circRNAs, 
including hsa_circ_0138960, hsa_circ_0001895, and hsa_
circ_0006470 in GC cell lines. Compared with the human 
gastric mucosa epithelial cell line GES-1, we showed by the 
quantitative RT-PCR method that the expression of hsa_
circ_0138960 was remarkably increased in AGS, HGC-27, 
and SNU-1 cells, while hsa_circ_0006470 and hsa_
circ_0001895 were significantly elevated in all four GC cells 
(Figure 1A). As the biggest expression difference, the cyclic 
structure of hsa_circ_0006470 in AGS cells was further 
validated by the significant signaling during the RT-PCR 
method using divergent primer pairs other than the opposite-
directed primers (Figure 1B). Also, through FISH assay we 
found that hsa_circ_0006470 was mainly distributed in the 
cytosol components of AGS cells (Figure 1C). Moreover, 
the binding site of hsa_circ_0006470 between a miRNA, 
miR-27b-3p, was found by the Starbase database (http://
starbase.sysu.edu.cn/starbase2/) (Figure 1D). Meanwhile, 
the expression of miR-27b-3p was significantly decreased in 



1248 Yejia CUI, et al.

revealed the formation and expressional increase of hsa_
circ_0006470 in GC cells, as well as the signi�cant decrease 
of miR-27b-3p in GC cells.

hsa_circ_0006470 promoted GC cell proliferation 
and migration as a ceRNA. To investigate the relation-
ship between these opposite expressional alterations of 
hsa_circ_0006470 and miR-27b-3p in GC cells, we then 
tested the potential of hsa_circ_0006470 as miRNA sponges 

GC cells, when compared with that in GES-1 cells (Figure 
1E). �rough dual-luciferase report assay, we found that 
the luciferase activities were greatly reduced by transfec-
tion with miR-27b-3p mimics in AGS cells expressing the 
wild-type (WT) hsa_circ_0006470 sequences, but not in 
those cells expressing the mutant (mut) hsa_circ_0006470 
sequences, showing the direct binding of hsa_circ_0006470 
with miR-27b-3p in GC cells (Figure 1F). �ese results 

Figure 1. Di�erential expression of circRNAs and microRNA in GC cells. A) �e relative expressional levels of three circular RNAs in GC cell lines 
AGS, HGC-27, Hs 746.T, SNU-1, and human gastric mucosa epithelial cell line GES-1. Non-coding RNA levels were detected through the quantitative 
RT-PCR method. B) Validation of the hsa_circ_0006470 formation in GC cells by the PCR method. �e circular and linear RNAs were detected us-
ing divergent and opposite-directed primer pairs respectively. Both cDNA and genomic DNA samples were used as the templates. Primers targeting 
the GAPDH gene were applied as the control. C) �e subcellular distribution of hsa_circ_0006470 in cancer cells was analyzed via the FISH method. 
D) Direct association of hsa_circ_0006470 with miR-27b-3p. E) �e relative expressional levels of miR-27b-3p in GC cells and GES-1 were detected 
through the quantitative RT-PCR. F) �e binding of hsa_circ_0006470 with miR-27b-3p in AGS cells was validated via the dual-luciferase reporter 
assay. Abbreviations: cDNA-complementary DNA; gDNA-genomic DNA; WT-wide type; NC-negative control; MUT-mutant; **p<0.01; ***p<0.001
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in regulating miR-27b-3p expression. We knocked down 
hsa_circ_0006470 in AGS cells, subsequently, the expres-
sion of miR-27b-3p was found signi�cantly high by quanti-
tative RT-PCR (Figure 2A). One reported target gene of 
miR-27b-3p, ROR1, was investigated. Results showed 

that it was signi�cantly inhibited by hsa_circ_0006470 
silencing both at the transcriptional level and protein level 
(Figures 2B–2D). Furthermore, we observed that the prolif-
eration rates were signi�cantly repressed by the transfec-
tion of hsa_circ_0006470 siRNAs a�er 48 h (Figure 2E) 

Figure 2. Knockdown of hsa_circ_0006470 inhibited proliferation, migration, and invasion of AGS cells by regulating miR-27b-3p/ROR1. A, B) �e 
relative expressional levels of hsa_circ_0006470, miR-27b-3p, and ROR1 in AGS cells transfected with hsa_circ_0006470 siRNA. C, D) Protein level 
of ROR1 detected by western blotting and immuno�uorescence assay. E) Cell viability of AGS cells transfected with hsa_circ_0006470 siRNA was de-
tected by the CCK-8 assay. F) Apoptosis was detected by the �ow cytometry. (G, H) Cell migration and invasion were measured by the Transwell assay. 
*p<0.05; **p<0.01; ***p<0.001
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while inducing increased apoptosis in AGS cells (Figure 2F). 
Moreover, we found using the Transwell system that silencing 
of hsa_circ_0006470 expression with speci�c siRNAs 
substantially suppressed the migration in invasion capacities 
of AGS cells (Figures 2G, 2H). �ese results suggested that 
hsa_circ_0006470 may promote GC cell proliferation and 
migration through regulating the miR-27b-3p/ROR1 axis.

hsa_circ_0006470 repressed the autophagy in GC cells 
by regulating miR-27b-3p/PI3KCA. To explore the poten-
tial molecular mechanisms mediating the tumorigenic roles 
of hsa_circ_0006470 in GC, we then detected the autophagy 
machinery in GC cells with altered hsa_circ_0006470 expres-
sion. We observed that hsa_circ_0006470 silencing caused 

signi�cant increases of LC3BII (Microtubule-associated 
protein11ight chain 3 II) and Beclin-1 proteins and remark-
ably reduce P62 proteins in the AGS cells (Figure 3C). In 
consistence, we found hsa_circ_0006470 siRNAs promoted 
the autophagosome formation in AGS cells compared with 
the control group (Figure 3E). To elaborate the regulatory 
mechanism of hsa_circ_0006470 to autophagy, we inves-
tigated potential target genes of miR-27b-3p through the 
TargetScan database (http://www.targetscan.org/vert_72/) 
and found maybe miR-27b-3p regulates phosphatidylino-
sitol-4,5-bisphosphate 3-kinase catalytic subunit alpha 
(PI3KCA) (Figure 3A). Dual-luciferase report assay also 
revealed that miR-27b-3p may regulate the expression 

Figure 3. Knockdown of hsa_circ_0006470 promoted autophagy by regulating miR-27b-3p/PI3KCA. A) Binding site and direct association of miR-
27b-3p with PI3KCA. B) �e binding of miR-27b-3p with PI3KCA 3’UTR in AGS cells was validated via the dual-luciferase reporter assay. C) Protein 
levels of PI3KCA, LC3B, Beclin-1, and p62 showed by western blotting. D) Expression of PI3KCA showed by immuno�uorescence assay. E) Cell mor-
phology and autophagosome showed by transmission electron microscopy. Abbreviation: 3’UTR-3’-Untranslated Regions; ***p<0.001
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of PI3KCA (Figure  3B). Furthermore, results of western 
blotting and immuno�uorescence assay showed that hsa_
circ_0006470 silencing signi�cantly reduced the expression 
of PI3KCA (Figures 3C, 3D). �ese results showed that hsa_
circ_0006470 could e�ectively repress the autophagy activa-
tion by regulating the miR-27b-3p/PI3KCA axis in GC cells, 
which might mediate the regulation of GC proliferation and 
migration.

Overexpressing PI3KCA attenuated the e�ect of hsa_
circ_0006470 silencing on GC cells. To further prove the 
regulatory role of hsa_circ_0006470 to PI3KCA, we overex-
pressed PI3KCA in the AGS cells a�er hsa_circ_0006470 
silencing. Expression of PI3KCA was validated through 

quantitative RT-PCR and western blotting assay (Figures 4A, 
4B). Subsequently, we found that LC3BII and Beclin-1 
were signi�cantly reduced by the PI3KCA overexpressing, 
while P62 was signi�cantly increased by that in AGS cells 
(Figure  4B). Moreover, the cell activity was signi�cantly 
increased at 72 h a�er transfection, and apoptosis was 
decreased at 48 h a�er transfection in the si-circRNA+ 
PI3KCA group when compared with the si-circRNA group 
(Figures 4C, 4D). Cell migration and invasion were also signif-
icantly increased by the PI3KCA overexpressing (Figures 5A, 
5B), meanwhile, increased autophagy levels induced by hsa_
circ_0006470 silencing were also suppressed by overexpres-
sion of PI3KCA (Figure 5C). �ese results showed once again 

Figure 4. Overexpression of PI3KCA promoted the proliferation of AGS cells. PI3KCA was overexpressed in the AGS cells a�er hsa_circ_0006470 
silencing. A) �e relative expressional levels of hsa_circ_0006470, miR-27b-3p, and PI3KCA in AGS cells 48 h a�er transfection. B) Expression of 
PI3KCA showed by the immuno�uorescence assay. C) Protein levels of PI3KCA, LC3B, Beclin-1, and p62 showed by western blotting. D) Cell vi-
ability of AGS cells a�er transfection was detected by the CCK-8 assay. E) Apoptosis was detected by the �ow cytometry. ***p<0.001 vs. control group; 
##p<0.01, ###p<0.001 vs. si-circRNA group
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that hsa_circ_0006470 represses autophagy by regulating 
miR-27b-3p/PI3KCA in GC cells.

Inhibition of miR-27b-3p repressed the autophagy 
in GC cells. To further investigate the role of miR-27b-3p 
in GC, we knocked down the miR-27b-3p expression in 
AGS cells. Results showed that the expression of hsa_
circ_0006470 and PI3KCA both signi�cantly increased 
a�er inhibiting miR-27b-3p (Figure 6A), and the protein 
of PI3KCA was also signi�cantly accumulated (Figure 6B, 
6C). Further, the protein level of LC3BII and Beclin-1 was 
signi�cantly reduced by inhibiting miR-27b-3p, while that 
of p62 was signi�cantly increased. Moreover, the cell activity 
was signi�cantly increased at 48 h a�er transfection in the 
miR-27b-3p inhibitor group (Figure 6D), meanwhile, cell 
migration and invasion were also signi�cantly promoted by 
inhibiting miR-27b-3p (Figure 6E, 6F). In addition, inhib-

iting miR-27b-3p decreased the number of autophagosomes 
in AGS cells (Figure 6G). �ese results proved again that 
miR-27b-3p plays as a tumor suppressor in GC.

Discussion

GC is one major severe human malignant disorder and its 
pathogenesis and responses to current therapeutic regimens 
are closely associated with the cellular autophagy machinery. 
Non-coding RNAs such as circRNAs and microRNAs have 
been characterized as important regulators of the autophagy 
progression associated with GC development [17, 18] but 
their speci�c cellular roles in GC initiation and progression 
and underlying mechanisms deserve further investigations. 
In the present study, we showed that the expression of one 
circular RNA hsa_circ_0006470 was greatly increased in GC 

Figure 5. Overexpression of PI3KCA promoted migration, invasion, and inhibited autophagy in AGS cells. PI3KCA was overexpressed in the AGS cells 
a�er hsa_circ_0006470 silencing. A, B) Cell migration and invasion were measured by the Transwell assay. C) Cell morphology and autophagosome 
showed by transmission electron microscopy. ***p<0.001 vs. control group; ###p<0.001 vs. si-circRNA group
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Figure 6. Knockdown miR-27b-5p promoted migration, invasion, and inhibited autophagy in AGS cells. �e miR-27b-5p inhibitor was transfected into 
AGS cells. A) �e relative expressional levels of hsa_circ_0006470, miR-27b-3p, and PI3KCA in AGS cells 48 h a�er transfection. B, C) Protein levels 
of PI3KCA, LC3B, Beclin-1, and p62 showed by western blotting. D) Cell viability of AGS cells a�er transfection was detected by the CCK-8 assay. 
E, F) Cell migration and invasion were measured by the Transwell assay. G) Cell morphology and autophagosome showed by transmission electron 
microscopy. ***p<0.001
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cells, and was mainly distributed in the cytosols and repressed 
the expression of the microRNA miR-27b-3p via direct 
binding. Moreover, silencing of hsa_circ_0006470 resulted 
in substantial inhibition of GC cell proliferation and migra-
tion. In addition, hsa_circ_0006470 silencing enhanced the 
autophagy activation in GC cells. �ese results revealed the 
oncogenic roles of hsa_circ_0006470 in GC development, 
which was mediated by the modulation of the autophagy 
machinery.

Circular RNAs function as one essential hub of the 
epigenetic regulation of the functional gene expres-
sion regulation and signaling transduction during cancer 
pathogenesis [22, 23]. In the past decades, circRNAs were 
shown to be prevalently expressed in cancer cells including 
GC, which were closely implicated with almost every step 
during cancer development such as initiation, progres-
sion, metastasis, and also responses to current treatments 
[17, 18]. In GC cells, a large number of circular RNAs were 
reported to be di�erentially expressed compared with the 
non-cancerous tissues, whose upregulated or downregu-
lated expressional alterations were closely correlated 
with GC pathogenesis [24, 25]. Moreover, the di�erential 
expressions of circRNAs were identi�ed as critical regula-
tors of GC cell proliferation, apoptosis, migration, and 
invasion. For instance, the circRNA circRNA0047905 was 
recently identi�ed as a new tumor promoter of GC devel-
opment through regulating the Akt (protein kinase B) and 
CREB (cAMP response element-binding protein) signaling 
pathways [26]. In this study, we showed the great capacities 
of hsa_circ_0006470 in promoting GC cell proliferation and 
migration, which indicated that hsa_circ_0006470 as a new 
promoter of GC development and further supported the 
prevalent roles of circular RNAs in GC development. Also, 
the expressions of another two circRNAs hsa_circ_0138960 
and hsa_circ_0001895 were also signi�cantly elevated in GC 
cells, whose cellular functions during cancer pathogenesis 
deserve further investigations.

Among the multiple known functional mechanisms, the 
sponging of microRNA expression as competing endogenous 
RNAs (ceRNAs) has been recently characterized as one major 
mechanism mediating circular functions [27]. For instance, 
the circRNA hsa_circ_0032627, also known as circDLST 
encoded by the Digit letter substitution test (DLST) gene, 
could sponge the miR-502-5p to promote the GC develop-
ment and metastasis, mediated by the regulation of the NRAS 
(neuroblastoma Ras viral oncogene) gene expression and the 
mitogen-activated protein kinase (MEK) and extracellular 
signal-regulated kinase (ERK) pathways [28]. In the present 
study, we showed by dual-luciferase reporter gene assay that 
hsa_circ_0006470 could also directly bind with microRNA 
miR-27b-3p in GC cells, indicating the microRNA sponge 
roles of hsa_circ_0006470 during cancer development. 
Previous reports have already shown that miR-27b-3p played 
essential roles in cancer cell proliferation, migration, and 
even multiple resistances to chemotherapies [29, 30]. More 

importantly, miR-27b-3p was previously shown to repress the 
proliferation of GC cells via directly targeting the Receptor 
Tyrosine Kinase Like Orphan Receptor 1 (ROR1) gene [31]. 
Here, we proved that the knockdown of hsa_circ_0006470 
led to a great increase of miR-27b-3p expression in GC cells, 
which further supported the functions of hsa_circ_0006470 
sponging miR-27b-3p in the pathogenesis of GC.

As introduced above, the autophagy machinery was widely 
implicated in GC development and progression through its 
e�ects on many cancer-related processes such as EMT, extra-
cellular matrix maintenance, metastasis, and angiogenesis 
[11]. Speci�cally, GC development was previously shown to 
be promoted by the inhibition of autophagy machinery and 
resultant alterations of ROS production and metabolisms 
[12]. �e conversion of LC3-I (light chain 3) to LC3-II and 
the elevation of Beclin-1 protein, as well as the inhibition 
of P62 protein, have been commonly used as major protein 
markers of autophagy activation [6, 9]. In the present study, 
we showed that knockdown of hsa_circ_0006470 resulted 
in an e�ective increase of LC3-II and Beclin-1 proteins 
and signi�cantly decreased the P62 protein level. �ese 
results disclosed the great capacity of hsa_circ_0006470 in 
repressing the machinery activation in GC cells, which was 
also con�rmed by the changes in autophagosome formation, 
as shown by our following transmission electron microscopy. 
Furthermore, we found that hsa_circ_0006470 may function 
through regulating the miR-27b-3p/PI3KCA axis. Previous 
studies have been reported expression of PI3KCA plays 
a crucial role in in�uencing autophagy in cancer cells [32, 
33]. More importantly, the enhanced autophagy in GC cells 
induced by hsa_circ_0006470 silencing was greatly abrogated 
by the overexpression of PI3KCA, further validating the 
roles of hsa_circ_0006470 in regulating PI3KCA during 
GC development. Unlike our results, Sun et al. have found 
that miR-27b-3p inhibits autophagy by regulating ATG10 
expression in colorectal cancer chemoresistance [34]. Due 
to the multi-target gene characteristics of microRNAs, we 
can speculate that miR-27b-3p may play di�erent roles in 
di�erent environments and di�erent cells. Despite studies 
have reported that low expression of miR-27b-3p was related 
to chemoresistance in various cancer cell lines [34–36], 
miR-27b-3p was still found as a tumor suppressor in GC [31], 
breast cancer [29], lung cancer [37], glioma [38], and esopha-
geal squamous cell carcinoma [39]. Of note, the mechanisms 
of autophagy inhibition by hsa_circ_0006470 and its inter-
action with other potential microRNAs during GC develop-
ment deserve further elucidations.

In summary, we revealed in this study that the circular 
RNA hsa_circ_0006470 was highly expressed in GC cells, 
which promoted cell proliferation and migration, suppressed 
miR-27b-3p expression via direct binding, and inhibited the 
autophagy machinery activation in GC cells. �ese results 
provided new insights into the functions of circular RNAs 
and their interaction with microRNAs during GC patho-
genesis, which could also be explored as new targets for GC 
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diagnosis and treatment mediated by the non-coding RNAs 
and epigenetic regulation.

Acknowledgments: �is study was supported by the Social Sci-
ence and Technology Development Major Project of Dongguan (NO. 
2018507150241638); Medical Scienti�c Research Foundation of 
Guangdong Province of China (NO. B2018016 and NO. B2018243); 
the Social Science and Technology Development General Project of 
Dongguan (NO.201950715024926 and NO. 2018507150241501).

[13] LIU M, LI CM, CHEN ZF, JI R, GUO QH et al. Cele-
coxib regulates apoptosis and autophagy via the PI3K/Akt 
signaling pathway in SGC-7901 gastric cancer cells. Int J 
Mol Med 2014; 33: 1451–1458. https://doi.org/10.3892/
ijmm.2014.1713

[14] YU YF, HU PC, WANG Y, XU XL, RUSHWORTH GM et al. 
Paclitaxel induces autophagy in gastric cancer BGC823 cells. 
Ultrastruct Pathol 2017; 41: 284–290. https://doi.org/10.108
0/01913123.2017.1334019

[15] SIGNORELLI P, MUNOZ-OLAYA JM, GAGLIOSTRO V, 
CASAS J, GHIDONI R et al. Dihydroceramide intracellu-
lar increase in response to resveratrol treatment mediates 
autophagy in gastric cancer cells. Cancer Lett 2009; 282: 
238–243. https://doi.org/10.1016/j.canlet.2009.03.020

[16] BEERMANN J, PICCOLI MT, VIERECK J, THUM T. Non-
coding RNAs in Development and Disease: Background, 
Mechanisms, and �erapeutic Approaches. Physiol Rev 2016; 
96: 1297–1325. https://doi.org/10.1152/physrev.00041.2015

[17] TANG X, ZHU J, LIU Y, CHEN C, LIU T et al. Current 
Understanding of Circular RNAs in Gastric Cancer. Cancer 
Manag Res 2019; 11: 10509–10521. https://doi.org/10.2147/
CMAR.S223204

[18] SHAN C, ZHANG Y, HAO X, GAO J, CHEN X et al. Bio-
genesis, functions and clinical signi�cance of circRNAs 
in gastric cancer. Mol Cancer 2019; 18: 136. https://doi.
org/10.1186/s12943-019-1069-0

[19] RONG D, LU C, ZHANG B, FU K, ZHAO S et al. Cir-
cPSMC3 suppresses the proliferation and metastasis of 
gastric cancer by acting as a competitive endogenous RNA 
through sponging miR-296-5p. Mol Cancer 2019; 18: 25. 
https://doi.org/10.1186/s12943-019-0958-6

[20] DU WW, YANG W, LI X, AWAN FM, YANG Z et al. A cir-
cular RNA circ-DNMT1 enhances breast cancer progression 
by activating autophagy. Oncogene 2018; 37: 5829–5842. 
https://doi.org/10.1038/s41388-018-0369-y

[21] JIANG Y, ZHANG Y, CHU F, XU L, WU H. Circ_0032821 
acts as an oncogene in cell proliferation, metastasis and au-
tophagy in human gastric cancer cells in vitro and in vivo 
through activating MEK1/ERK1/2 signaling pathway. Can-
cer Cell Int 2020; 20: 74. https://doi.org/10.1186/s12935-
020-1151-0

[22] KRISTENSEN LS, HANSEN TB, VENO MT, KJEMS J. Cir-
cular RNAs in cancer: opportunities and challenges in the 
�eld. Oncogene 2018; 37: 555–565. https://doi.org/10.1038/
onc.2017.361

[23] MENG S, ZHOU H, FENG Z, XU Z, TANG Y et al. Cir-
cRNA: functions and properties of a novel potential bio-
marker for cancer. Mol Cancer 2017; 16: 94. https://doi.
org/10.1186/s12943-017-0663-2

[24] CHEN J, LI Y, ZHENG Q, BAO C, HE J et al. Circular RNA 
pro�le identi�es circPVT1 as a proliferative factor and prog-
nostic marker in gastric cancer. Cancer Lett 2017; 388: 208–
219. https://doi.org/10.1016/j.canlet.2016.12.006

[25] WANG S, ZHANG X, LI Z, WANG W, LI B et al. Circular 
RNA pro�le identi�es circOSBPL10 as an oncogenic factor 
and prognostic marker in gastric cancer. Oncogene 2019; 38: 
6985–7001. https://doi.org/10.1038/s41388-019-0933-0

References

[1] GIGEK CO, CALCAGNO DQ, RASMUSSEN LT, SAN-
TOS LC, LEAL MF et al. Genetic variants in gastric cancer: 
Risks and clinical implications. Exp Mol Pathol 2017; 103: 
101–111. https://doi.org/10.1016/j.yexmp.2017.07.004

[2] MOLAEI F, FORGHANIFARD MM, FAHIM Y, AB-
BASZADEGAN MR. Molecular Signaling in Tumorigenesis 
of Gastric Cancer. Iran Biomed J 2018; 22: 217–230. https://
doi.org/10.22034/ibj.22.4.217

[3] FIGUEIREDO C, CAMARGO MC, LEITE M, FUENT-
ES-PANANA EM, RABKIN CS et al. Pathogenesis of Gas-
tric Cancer: Genetics and Molecular Classi�cation. Curr 
Top Microbiol Immunol 2017; 400: 277–304. https://doi.
org/10.1007/978-3-319-50520-6_12

[4] LIU L, CAO L, GONG B, YU J. Novel biomarkers for the 
identi�cation and targeted therapy of gastric cancer. Expert 
Rev Gastroenterol Hepatol 2015; 9: 1217–1226. https://doi.or
g/10.1586/17474124.2015.1072466

[5] ZHANDOSSOV O, KAUSSOVA G, KOTEN A. Combined 
treatment for gastric cancer: Immunological approach. Turk 
J Gastroenterol 2018; 29: 151–156. https://doi.org/10.5152/
tjg.2018.17398

[6] LEVY JMM, TOWERS CG, THORBURN A. Targeting 
autophagy in cancer. Nat Rev Cancer 2017; 17: 528–542. 
https://doi.org/10.1038/nrc.2017.53

[7] LI YJ, LEI YH, YAO N, WANG CR, HU N et al. Autophagy 
and multidrug resistance in cancer. Chin J Cancer 2017; 36: 
52. https://doi.org/10.1186/s40880-017-0219-2

[8] GOLDSMITH J, LEVINE B, DEBNATH J. Autophagy and 
cancer metabolism. Methods Enzymol 2014; 542: 25–57. 
https://doi.org/10.1016/B978-0-12-416618-9.00002-9

[9] JIANG X, OVERHOLTZER M, THOMPSON CB. Autopha-
gy in cellular metabolism and cancer. J Clin Invest 2015; 125: 
47–54. https://doi.org/10.1172/JCI73942

[10] LOZY F, KARANTZA V. Autophagy and cancer cell metab-
olism. Semin Cell Dev Biol 2012; 23: 395–401. https://doi.
org/10.1016/j.semcdb.2012.01.005

[11] Qian HR, Yang Y. Functional role of autophagy in gas-
tric cancer. Oncotarget 2016; 7: 17641–17651. https://doi.
org/10.18632/oncotarget.7508

[12] QIN W, LI C, ZHENG W, GUO Q, ZHANG Y et al. Inhi-
bition of autophagy promotes metastasis and glycolysis by 
inducing ROS in gastric cancer cells. Oncotarget 2015; 6: 
39839–39854. https://doi.org/10.18632/oncotarget.5674



1256 Yejia CUI, et al.

[26] LAI Z, YANG Y, WANG C, YANG W, YAN Y et al. Circular 
RNA 0047905 acts as a sponge for microRNA4516 and mi-
croRNA1227-5p, initiating gastric cancer progression. Cell 
Cycle 2019; 18: 1560–1572. https://doi.org/10.1080/1538410
1.2019.1618122

[27] HOLDT LM, KOHLMAIER A, TEUPSER D. Molecular 
roles and function of circular RNAs in eukaryotic cells. Cell 
Mol Life Sci 2018; 75: 1071–1098. https://doi.org/10.1007/
s00018-017-2688-5

[28] ZHANG J, HOU L, LIANG R, CHEN X, ZHANG R et al. 
CircDLST promotes the tumorigenesis and metastasis of 
gastric cancer by sponging miR-502-5p and activating the 
NRAS/MEK1/ERK1/2 signaling. Mol Cancer 2019; 18: 80. 
https://doi.org/10.1186/s12943-019-1015-1

[29] CHEN D, SI W, SHEN J, DU C, LOU W et al. miR-27b-3p 
inhibits proliferation and potentially reverses multi-chemo-
resistance by targeting CBLB/GRB2 in breast cancer cells. 
Cell Death Dis 2018; 9: 188. https://doi.org/10.1038/s41419-
017-0211-4

[30] YANG X, CHEN J, LIAO Y, HUANG L, WEN C et al. 
MiR-27b-3p promotes migration and invasion in colorec-
tal cancer cells by targeting HOXA10. Biosci Rep 2019; 39: 
BSR20191087. https://doi.org/10.1042/BSR20191087

[31] TAO J, ZHI X, ZHANG X, FU M, HUANG H et al. miR-
27b-3p suppresses cell proliferation through targeting recep-
tor tyrosine kinase like orphan receptor 1 in gastric cancer. J 
Exp Clin Cancer Res 2015; 34: 139. https://doi.org/10.1186/
s13046-015-0253-3

[32] CHEN X, ZHANG XB, LI DJ, QI GN, DAI YQ et al. miR-
155 facilitates calcium oxalate crystal-induced HK-2 cell 
injury via targeting PI3K associated autophagy. Exp Mol 
Pathol 2020; 115: 104450. https://doi.org/10.1016/j.yex-
mp.2020.104450 

[33] Paul-Samojedny M, Pudełko A, Kowalczyk M, Fila-Daniłow 
A, Suchanek-Raif R et al. Knockdown of AKT3 and PI3KCA 
by RNA interference changes the expression of the genes that 
are related to apoptosis and autophagy in T98G glioblasto-
ma multiforme cells. Pharmacol Rep 2015; 67: 1115–1123. 
https://doi.org/10.1016/j.pharep.2015.04.012

[34] SUN W, LI J, ZHOU L, HAN J, LIU R et al. �e c-Myc/miR-
27b-3p/ATG10 regulatory axis regulates chemoresistance in 
colorectal cancer. �eranostics 2020; 10: 1981–1996. https://
doi.org/10.7150/thno.37621

[35] LI L, LV G, WANG B, MA H. Long Non-Coding RNA KC-
NQ1OT1 Promotes Multidrug Resistance in Chordoma 
by Functioning as a Molecular Sponge of miR-27b-3p and 
Subsequently Increasing ATF2 Expression. Cancer Manag 
Res 2020; 12: 7847–7853. https://doi.org/10.2147/CMAR.
S250611

[36] YUAN X, HAN YF, BING Y, ZHANG YL, DONG JD et al. 
miR-27b-3p is Involved in Doxorubicin resistance of Human 
Anaplastic �yroid Cancer Cells via Targeting PPARγ. Ba-
sic Clin Pharmacol Toxicol 2018; 123: 670–677. https://doi.
org/10.1111/bcpt.13076 

[37] JIANG Q, XING W, CHENG J, YU Y. Long Non-Coding 
RNA TP73-AS1 Promotes the Development of Lung Cancer 
by Targeting the miR-27b-3p/LAPTM4B Axis. Onco Targets 
�er 2020; 13: 7019–7031. https://doi.org/10.2147/OTT.
S234443

[38] MIAO W, LI N, GU B, YI G, CHENG H. MiR-27b-3p sup-
presses glioma development via targeting YAP1. Biochem 
Cell Biol 2020; 98: 466–473. https://doi.org/10.1139/bcb-
2019-0300

[39] HAN M, LI N, LI F, WANG H, MA L. MiR-27b-3p exerts tu-
mor suppressor e�ects in esophageal squamous cell carcino-
ma by targeting Nrf2. Hum Cell 2020; 33: 641–651. https://
doi.org/10.1007/s13577-020-00329-7




