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Gastric cancer is the third most frequent cancer with high prevalence and mortality globally. Circular RNAs (circRNAs) 
play a key role in cancer regulation, including gastric cancer. Nevertheless, only a few circRNAs have been well elucidated 
in gastric cancer. Hence, we investigated the action of circ_0067514 on gastric cancer and clarified the underlying mecha-
nism. Here, we found that circ_0067514 was decreased in gastric cancer patients and cancer cells. The circ_0067514 expres-
sion was correlated with gastric cancer overall survival, lymph node metastasis, tumor, node, metastasis (TNM) stage, and 
histological differentiation. Overexpression of circ_0067514 blocked proliferation, invasion, and glycolysis of gastric cancer 
cells. Besides, circ_0067514 regulated large tumor suppressor kinase 2 (LATS2) expression by absorbing microRNA (miR)-
654-3p. Furthermore, circ_0067514 modulated gastric cancer aggressive behaviors and glycolysis via miR-654-3p/LATS2 
axis. Moreover, circ_0067514 constrained tumor growth in vivo. Together, this study showed that circ_0067514 suppressed 
gastric cancer aggressive development and glycolysis via miR-654-3p/LATS2 axis, making circ_0067514 a valuable target 
for preventing gastric cancer progression.
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Gastric cancer is the third most frequent cancer with high 
prevalence and mortality globally [1, 2]. Over a million cases 
are diagnosed each year worldwide [3, 4]. In 2018, more 
than 782,000 cases died of gastric cancer [4, 5]. Due to the 
lack of associated symptoms and screening methods, gastric 
cancer cases are always diagnosed at the last stage [1, 5, 6]. 
Unfortunately, the conventional treatment is not curative 
for advanced gastric cancer. Despite tremendous efforts, 
no significant improvement has been achieved in terms of 
curative treatment [1, 7]. The median survival of advanced 
gastric cancer patients is 8–11 months [8, 9]. Therefore, 
further identifying the development mechanism in gastric 
cancer is of great importance for therapy.

Circular RNAs (circRNAs) play key roles in various 
biological functions, including RNA-binding protein (RBP) 
sponges, gene transcription, RNA splicing regulators, 
especially as microRNA (miRNA) sponges [10]. circRNAs 
contain multiple miRNA response elements (MERs), which 
allow circRNAs to act as competitive endogenous RNAs 
(ceRNAs) to target miRNAs and thereby modify downstream 
gene expression [11]. Recently, circRNAs are known to exert 

a regulatory effect in cancers [12]. For example, circMET 
fuels anti-programmed cell death protein 1 (PD1) treat-
ment resistance in hepatocellular carcinoma through the 
miR-30-5p/snail/dipeptidyl peptidase 4 (DPP4) axis [13]. 
hsa_circRNA_100146 drives prostate cancer progression 
by serving as the miR-615-5p sponge and thereby elevates 
thyroid hormone receptor interactor 13 (TRIP13) expression 
[14]. Similarly, increasing evidence suggests the modula-
tion role of circRNAs in gastric cancer [15, 16]. For instance, 
circNRIP1 serves as a miR-149-5p sponge to potentiate 
gastric cancer aggressive phenotype through modulating the 
AKT serine/threonine kinase 1 (AKT1)/mammalian target of 
rapamycin (mTOR) pathway [15]. circCUL2 regulates gastric 
cancer malignant development and cisplatin sensibility via 
miR-142-3p/Rho-associated coiled-coil containing kinase 
isoform 2 (ROCK2) axis [16]. As a member of circRNAs, hsa_
circ_0067514, forms from host gene centrosomal protein 70 
(CEP70) and locates on chromosome 13, is downregulated 
in gastric cancer based on the analytical results of the Gene 
Expression Omnibus (GEO) database. However, its role in 
gastric cancer remains elusive.
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Emerging studies show that miRNAs modulate the target 
gene expression, thereby regulating gastric cancer progres-
sion [17, 18]. For example, miR-877-5p suppresses gastric 
cancer cell proliferation by targeting Forkhead Box M1 
(FOXM1) [17]. miR-452 promotes the development of 
gastric cancer via binding Erythrocyte Band 4.1-like protein 
3 (EPB41L3) [18]. It is accepted that circRNAs are the 
upstream regulators of miRNAs via acting as ceRNAs [19]. 
The member of miRNAs, miR-654-3p, is located on chromo-
some 14 and participates in gastric cancer malignant behav-
iors [20]. Furthermore, miR-654-3p is a potential target of 
hsa_circ_0067514. Therefore, hsa_circ_0067514 may be 
involved in gastric cancer progression via the ceRNA mecha-
nism to absorb miR-654-3p.

Thus, this research systematically investigated the action 
of hsa_circ_0067514 on gastric cancer and clarified the 
precise mechanism.

Patients and methods

Patient tissue samples. Resected tumor tissues and 
paired adjacent normal tissues were harvested from 80 
gastric patients in Hunan Cancer Hospital. No patients had 
undergone preoperative chemotherapy or radiotherapy. All 
patients signed informed consent. The Ethics Committee of 
Hunan Cancer Hospital authorized this research.

Cell culture. Human gastric epithelial cell line (GES-1), 
and gastric cancer cell lines AGS and HGC-27, were obtained 
from BeNa Culture Collection (BeNa, Beijing, China). 
All cells were grown in DMEM supplemented with 10% 
fetal bovine serum (FBS) and 1% streptomycin/penicillin 
(Thermo Fisher Scientific, MA, USA) at 37°C with 5% CO2.

Quantitative real-time polymerase chain reaction 
(qRT-PCR). RNA samples were isolated using the TRIzol 
reagent (TIANGEN, Beijing, China). Cytoplasmic and 
nuclear RNA were separated using the PARIS Kit (Thermo 
Fisher Scientific, MA, USA). These RNAs were transcribed 
into complementary DNA (cDNA) using the cDNA 
Synthesis Kit and TaqMan MicroRNA Reverse Transcrip-
tion Kit (Thermo Fisher Scientific, MA, USA). qPCR assay 
was conducted using SYBR Green Master Mix (Thermo 
Fisher Scientific, MA, USA) following the supplier’s 
protocol. The primer sequences were: hsa_circ_0067514, 
F: 5’-CAGGCCTACGCAGCATGAAT-3’, R: 5’-CCAGGT-
TAGGCTGGGATCAG-3’; miR-654-3p, F: 5’-TCGGCAG-
GTGGTGGGCCGCAG-3’, R: 5’-CACTCAACTGGTGTC-
GTGGA-3’ [21]; large tumor suppressor kinase 2 (LATS2), F: 
5’-AGCTGGACTCTGTGAAGCTG-3’, R: 5’-TGTCCACCT-
TACAAGCAAGG-3’ [22]. GAPDH and U6 were used as 
control genes. Relative expression was quantified using the 
2–ΔΔCt method. The experiment was repeated three times.

Cell transfection. The miR-654-3p mimic (Cat. # 
miR10004814-1-5), siRNA target LATS2 (si-LATS2) 
(si-LATS2#1: 5’-CAGAAAGCCTTGAGGGAAATCA-
GAT-3’; si-LATS2#2: 5’-GCCTCAACGTGGACCTGTAT-

GAATT-3’), and negative controls were synthesized by 
RiboBio (RiboBio, Guangzhou, China). The empty vector of 
pLCDH-circRNA was purchased from Geneseed (Cat. No. 
GS0104, Geneseed, Guangzhou, China). The sequence of 
circ_0067514 was amplified and pLCDH-circ_0067514 was 
constructed by RiboBio (RiboBio, Guangzhou, China). Trans-
fections of these vectors were conducted using Lipofectamine 
3000 (Thermo Scientific, MA, USA) following the supplier’s 
protocol. The experiment was repeated three times.

Cell counting kit 8 (CCK-8) assays. AGS and HGC-27 
cells were grown in 96-well plates (104 cells/well) for 24 h, 48 
h, and 72 h, respectively. CCK-8 reagent (10 µl, Sigma, MO, 
USA) was added to cells for 4 h. The optical density at 450 
nm was observed utilizing the microplate reader (Bio-Tek 
EPOCH2, VT, USA). The assay was repeated three times.

EdU staining. BeyoClick EdU Cell Proliferation Kit 
with Alexa Fluor 594 (Beyotime Biotechnology, Shanghai, 
China) was employed to assess proliferation according 
to the supplier’s protocols. AGS and HGC-27 cells were 
stained with 10 μM of EdU for 3 h. Cells were immobilized 
by fixative reagent and treated by permeate reagent for 15 
min respectively, followed by incubating with Click Additive 
Solution for 30 min without light. Cells nuclei were dyed with 
4’,6-diamidino-2-phenylindole (DAPI). The staining images 
were acquired using the fluorescent microscope, and the 
proportion of EdU-positive cells was analyzed. The experi-
ment was repeated three times.

Transwell invasion assay. Invasion assay was performed 
using Transwell chambers (BD Biosciences, NJ, USA) 
overlaid with Matrigel. The cell suspension was prepared and 
inoculated into the top chamber with the medium without 
serum. The bottom chamber was filled with a complete 
medium. After 24 h of cultivation, the invaded cells were 
immobilized and dyed with crystal violet for 15 min. The 
images were obtained using the microscope. The assay was 
repeated three times.

Western blot. Protein samples were harvested from 
cells using RIPA reagent (TIANGEN, Beijing, China), and 
concentration determination was performed by the BCA 
method. Protein lysates were size-fractionated on SDS-PAGE 
and transferred onto the PVDF membranes. After blocking 
non-specific interactions, western blot analyses were 
conducted using primary antibodies including ant-Ki-67 
(1:1000, ab231172, Abcam), anti-E-cadherin (1:1000, 
ab40772, Abcam), anti-N-cadherin (1:2000, ab76011, 
Abcam), anti-hexokinase-2 (HK-2, 1:2000, ab209847, 
Abcam), anti-lactate dehydrogenase A (LDHA, 1:1000, 
ab52488, Abcam), anti-LATS2 (1:1000, ab243657, Abcam) 
and anti-β-actin (1:5000, ab6276, Abcam) antibodies. After 
the washing step, the membranes were treated with IgG H&L 
(HRP, 1:3000, ab6721, Abcam). The blots were measured by 
the ECL chemiluminescence system and quantified using 
ImageJ. The experiment was repeated three times.

Determination of glucose uptake, lactate production, 
and adenosine triphosphate (ATP) level. Determination 
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of glucose absorption, lactate formation, and ATP level was 
carried out using Glucose Uptake Assay Kit, Lactate ELISA 
Kit (Abcam), and Enhanced ATP assay kit (Beyotime, 
Shanghai, China) according to the supplier’s protocols. The 
experiment was repeated three times.

Luciferase assay. The wild and mutant sequences of hsa_
circ_0067514 binding to miR-654-3p and 3’ untranslated 
regions (3’-UTR) of LATS2 were cloned into the pGL3 lucif-
erase vector (Promega, WI, USA), respectively. The cloned 
pGL3 plasmids and miR-654-3p mimics were co-transfected 
into AGS and HGC-27 cells. Luciferase activity was recorded 
using the Dual-luciferase reporter assay system (Promega). 
The assay was repeated three times.

RNA pull-down. Biotinylated negative control (Bio-NC) 
and miR-654-3p (Bio-miR-654-3p) were generated in 
RiboBio (Ribobio, Guangzhou, China). The Bio-NC and 
Bio-miR-654-3p were transfected into cells, respectively. 
Cells were lysed after 48 h and lysates were probed with 
magnetic beads. After the washing step, the absorbed RNAs 
were obtained and measured using qRT-PCR. The experi-
ment was repeated three times.

RNA immunoprecipitation (RIP). RIP assay was 
conducted using the RNA-Binding Protein Immunoprecipi-
tation Kit (Millipore, MA, USA) in line with the supplier’s 
protocols. The cell lysates were immunoprecipitated using 
the Ago2 antibody (ab186733, Abcam). The abundances of 
hsa_circ_0067514 and miR-654-3p were determined using 
qRT-PCR. The assay was repeated three times.

Establishment of xenograft tumor. To establish xenograft 
tumor, 10 BALB/c nude mice aged 6 weeks were acquired 
from Beijing Laboratory Animal Research Center (Beijing, 
China) and allocated into the pLCDH-cir group and the 
pLCDH-circ_0067514 group. AGS cells were transfected 
into pLCDH-cir or pLCDH-circ_0067514. All mice received 
5×106 AGS cells via subcutaneous injection. Five days later, 
tumor volumes were monitored every 5 days. Thirty days 
later, all mice were euthanized with CO2 inhalation, and 
tumors were dissected to perform qRT-PCR and immuno-
histochemistry. The experiments complied with the national 
and international regulations and policies, and the Ethics 
Committee of Hunan Cancer Hospital authorized the study.

Immunohistochemistry. After mice were euthanized, 
the tumors were dissected, fixed, embedded, and prepared 
into 5 µm section samples. The sections were deparaf-
finized, rehydrated, blocked endogenous peroxidase activity 
and non-specific binding, followed by probing with the 
primary antibodies including Ki-67 (1:200, ab231172, 
Abcam), LATS2 (1:200, PA5-120433, Thermo Scientific, MA, 
USA), E-cadherin (1:200, PA5-85088, Thermo Scientific), 
N-cadherin (1:200, ab76011, Abcam), HK2 (1:200, ab209847, 
Abcam), LDHA (1:200, ab52488, Abcam) at 4°C overnight. 
After that, the slices were incubated with IgG H&L (HRP) 
(1:1000, ab6721, Abcam) and dyed with the DAB (R&D 
Systems, MN, USA). The images were obtained using the 
microscope. The experiment was repeated three times.

Statistical analysis. Data were represented by mean ± 
standard deviation (SD), and statistical significance was 
conducted using SPSS Statistics 22.0 (SPSS, Chicago, IL, 
USA). The difference between tumor tissues and paired 
normal tissues was evaluated by the paired t-test. Student’s 
t-test was used for analyzing the significance between the 
two groups. One-way ANOVA was applied to determine the 
significance between multiple groups. Kaplan-Meier analysis 
with the log-rank test analyzed the survival of patients. A 
p-value <0.05 was considered as statistically significant.

Results

circ_0067514 is low expressed in gastric cancer. To 
elucidate the role of circ_0067514 in gastric cancer, the 
circ_0067514 expression was initially determined. According 
to the analytical results of GSE184882, circ_0067514 was 
lowly expressed in gastric cancer (p<0.001, Figure 1A). After-
ward, we detected the circ_0067514 expression in cancer 
tissues of 80 gastric cancer patients using qRT-PCR. It was 
observed that circ_0067514 was declined in cancer tissues 
(p<0.001, Figure 1B). Interestingly, the overall survival of 
patients with low expression of circ_0067514 was poor 
(p<0.05, Figure 1C). The circ_0067514 expression was corre-
lated with lymph node metastasis, TNM stage, and histo-
logical differentiation in gastric cancer (p<0.05, Table  1). 
Furthermore, circ_0067514 was declined in gastric cancer 
cells (p<0.01, Figure 1D). The structure and junction sites 
of circ_0067514 are listed in Figure 1E. Next, the stability 

Table 1. Correlation between circ_0067514 expression and the clinical 
pathological features of 80 gastric cancer patients.
Characteristic All 

cases
circ_0067514 expression

p-value
High (n=40) Low (n=40)

Age (years) 0.502
<60 39 18 21
≥60 41 22 19

Gender 0.818
Female 31 16 15
Male 49 24 25

Tumor size (cm) 0.366
<3 34 15 19
≥3 46 25 21

Lymph node metastasis 0.015*
Yes 44 30 14
No 36 10 26

TNM 0.007*
I+II 36 24 12
III+IV 44 16 28

Differentiation 0.014*
Well and Moderate 37 24 13
Poor 43 16 27

*p<0.05
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on gastric cancer progression was detected. We found 
that circ_0067514 overexpression blocked gastric cancer 
cell viability, proliferation, and invasion ability (p<0.01, 
Figures 2B-2D). Overexpression of circ_0067514 also inhib-
ited the levels of Ki-67 and N-cadherin and enhanced the 
E-cadherin level (p<0.01, Figure 2E). Thus, overexpression 
of circ_0067514 constrained gastric cancer proliferation, 
invasion, and EMT.

Overexpression of circ_0067514 suppresses glycolysis 
in gastric cancer. Additionally, the action of circ_0067514 
on glycolysis was detected. We found that circ_0067514 
overexpression significantly suppressed the glucose absorp-
tion, lactate formation, and ATP level of gastric cancer cells 

of circ_0067514 was verified using RNase R. RNase R treat-
ment inhibited the level of linear CEP70 mRNA but had no 
effect on circ_0067514 level (p<0.01, Figure 1F). Moreover, 
circ_0067514 was mainly localized in the cytoplasm (p<0.01, 
Figure 1G). Therefore, circ_0067514 was lowly expressed in 
gastric cancer.

Enforced circ_0067514 constrains the proliferation, 
invasion, and epithelial-mesenchymal transition (EMT) 
of gastric cancer cells. To study the action of circ_0067514 
on gastric cancer, pLCDH-circ_0067514 was transfected 
into AGS and HGC-27 cells. pLCDH-circ_0067514 signifi-
cantly enhanced the expression of circ_0067514 (p<0.001, 
Figure  2A). Next, the influence of elevated circ_0067514 

Figure 1. circ_0067514 is downregulated in gastric cancer. A) The expression of circ_0067514 was analyzed using the data of GSE184882. ***p<0.001 
versus the NC group. B) circ_0067514 expression in 80 gastric cancer patients was determined using qRT-PCR. ***p<0.001 versus the NC group. C) The 
association between circ_0067514 expression and overall survival of gastric cancer patients was analyzed by Kaplan-Meier analysis. D) circ_0067514 
expression in gastric epithelial cell line GES-1 and gastric cancer cell lines AGS and HGC-27 were determined using qRT-PCR. **p<0.01 versus the 
GES-1 group. E) The structure and junction sites of circ_0067514 were presented. F) The stability of circ_0067514 after treatment with RNase R was 
determined using qRT-PCR. **p<0.01 versus the Mock group. G) The distribution of circ_0067514 in the cytoplasm and nucleus was evaluated by 
qRT-PCR.
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Figure 2. Overexpression of circ_0067514 suppresses the proliferation, migration, and invasion of gastric cancer cells. A) The expression of circ_0067514 
was measured using qRT-PCR in AGS and HGC-27 cells after transfection with pLCDH-circ_0067514. B) CCK-8 assay assessed the cell viability of 
AGS and HGC-27 cells after transfection with pLCDH-circ_0067514. C) EdU staining determined the proliferation ability of AGS and HGC-27 cells 
after transfection with pLCDH-circ_0067514. D) Transwell invasion assay detected the invasion ability of AGS and HGC-27 cells after transfection 
with pLCDH-circ_0067514. E) The protein levels of Ki-67, E-cadherin, and N-cadherin in AGS and HGC-27 cells after transfection with pLCDH-
circ_0067514 were detected by western blot. **p<0.01; ***p<0.001 versus the pLCDH-cir group.



1084 Shao-Feng JIANG & Rong-Rong LI

(p<0.01, Figures 3A–3C). The levels of HK2 and LDHA were 
also inhibited by elevated circ_0067514 (p<0.01, Figure 3D). 
Hence, overexpression of circ_0067514 suppressed glycolysis 
of gastric cancer cells.

circ_0067514 acts as a miR-654-3p sponge. To clarify the 
downstream mechanism of circ_0067514 on gastric cancer, 
the potential target miRNA of circ_0067514 was browsed 
in CircInteractome and found that circ_0067514 may 
target miR-654-3p. The speculative targeting sites between 
circ_0067514 and miR-654-3p are presented in Figure 4A. 
To validate the relationship between circ_0067514 and 
miR-654-3p, miR-654-3p mimic was transfected into gastric 
cancer cells to elevate the miR-654-3p expression (p<0.01, 
Figure 4B). In addition, the luciferase assay proved that 
miR-654-3p mimic decreased the reporter activity of wild 
circ_0067514 but had no influence on the reporter activity 
of mutant circ_0067514 (p<0.01, Figure 4C). As expected, 
RNA pull-down and RIP assay also confirmed the targeting 
relationship between circ_0067514 and miR-654-3p (p<0.01, 
Figures 4D, 4E). Notably, miR-654-3p exhibited overt eleva-
tion in gastric cancer tissues (p<0.001, Figure 4F). The 
miR-654-3p expression was negatively related to the expres-
sion of circ_0067514 (p<0.001, Figure 4G). Furthermore, 
miR-654-3p also was elevated in gastric cancer cells (p<0.01, 
Figure 4H). Moreover, overexpression of circ_0067514 
suppressed the miR-654-3p expression (p<0.01, Figure  4I). 
These findings verified that circ_0067514 served as a 
miR-654-3p sponge.

miR-654-3p targets LATS2. miRNAs usually exert 
functions by targeting mRNAs. We, therefore, screened the 
target mRNA of miR-654-3p in Target Scan and found that 
LATS2 was a potential target of miR-654-3p. The predictive 
targeting sequences between miR-654-3p and LATS2 are 
presented in Figure 5A. To validate the relationship between 
miR-654-3p and LATS2, the luciferase assay was conducted 
and demonstrated that miR-654-3p mimic decreased the 
reporter activity of wild LATS2 3’-UTR but had no effect 
on the reporter activity of mutant LATS2 3’-UTR (p<0.01, 
Figure 5A). Additionally, miR-654-3p mimic inhibited the 
LATS2 expression (p<0.01, Figure 5B). LATS2 was decreased 
in gastric cancer tissues (p<0.001, Figure 5C). The LATS2 
expression was inversely related to miR-654-3p and positively 
related to circ_0067514 (p<0.001, Figure 5D, 5E). Further-
more, the LATS2 also was downregulated in gastric cancer 
cells (p<0.01, Figure 5F). Collectively, miR-654-3p targeted 
LATS2.

circ_0067514 regulates gastric cancer malignant devel-
opment via miR-654-3p/LATS2 axis. Given the relationship 
among circ_0067514, miR-654-3p, and LATS2, we reasoned 
that circ_0067514 might regulate gastric cancer progression 
via the miR-654-3p/LATS2 axis. To this end, si-LATS2 was 
initially transfected into AGS and HGC-27 cells, and knock-
down efficiency was confirmed using western blot (p<0.05, 
Figure 6A). Next, the LATS2 levels in cells after co-trans-
fected with pLCDH-circ_0067514 and miR-654-3p mimic or 
si-LATS2 were determined by western blot. Results revealed 

Figure 3. Overexpression of circ_0067514 suppresses glycolysis of gastric cancer cells. A) The glucose uptake of AGS and HGC-27 cells transfected with 
pLCDH-circ_0067514 was measured. B) The lactate production of AGS and HGC-27 cells after transfection with pLCDH-circ_0067514 was assessed. 
C) The ATP level of AGS and HGC-27 cells after transfection with pLCDH-circ_0067514 was evaluated. D) The protein levels of HK2 and LDHA in AGS 
and HGC-27 cells after transfection with pLCDH-circ_0067514 were measured by western blot. **p<0.01 versus the pLCDH-cir group.
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Figure 4. circ_0067514 acts as a miR-654-3p sponge. A) The putative targeting sites between circ_0067514 and miR-654-3p were presented. B) The 
expression of miR-654-3p was determined by qRT-PCR in AGS and HGC-27 cells after transfection with miR-654-3p mimic. **p<0.01 versus the miR-
NC group. C) The relationship between circ_0067514 and miR-654-3p was determined by the luciferase assay. **p<0.01 versus the miR-NC group. D) 
The relationship of circ_0067514 and miR-654-3p was determined by RNA pull-down. **p<0.01 versus the Bio-NC group. E) The relationship between 
circ_0067514 and miR-654-3p was determined by the RIP assay. **p<0.01 versus the anti-IgG group. F) The expression of miR-654-3p in 80 gastric 
cancer patients was determined by qRT-PCR. ***p<0.001 versus the NC group. G) The association between the expression of circ_0067514 and miR-
654-3p was analyzed by Pearson’s correlation coefficient. H) The expression of miR-654-3p in GES-1, AGS, and HGC-27 cells was determined using 
qRT-PCR. ***p<0.001 versus the GES-1 group. I) The expression of miR-654-3p in AGS and HGC-27 cells after transfection with pLCDH-circ_0067514 
was detected by qRT-PCR. **p<0.01 versus the pLCDH-cir group.
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that circ_0067514 overexpression elevated the expression of 
LATS2 but was reversed by miR-654-3p mimic and si-LATS2 
(p<0.05, Figures 6B, 6C). Further functional experimental 
findings revealed that the inhibitory effects of overexpressed 
circ_0067514 on gastric cancer viability, proliferation, and 
invasion ability were restored by miR-654-3p mimic and 
si-LATS2 (p<0.05, Figures 6D–6G). Furthermore, overex-
pressed circ_0067514 inhibited the levels of Ki-67 and 

N-cadherin and increased the E-cadherin level, which was 
abrogated by miR-654-3p mimic and si-LATS2 (p<0.05, 
Figure 6H). In general, circ_0067514 regulated gastric cancer 
malignant behaviors via miR-654-3p/LATS2 axis.

circ_0067514 blocks tumor growth of gastric cancer 
in vivo. To investigate the role of circ_0067514 in gastric 
cancer progression in vivo, a xenograft tumor was established 
using AGS cells transfected with pLCDH-circ_0067514. 

Figure 5. miR-654-3p targets LATS2. A) The putative targeting sites between miR-654-3p and LATS2 were presented, and the target relationship of 
miR-654-3p and LATS2 was verified by luciferase assay. **p<0.01 versus miR-NC group. B) The protein level of LATS2 in AGS and HGC-27 cells after 
transfection with miR-654-3p mimic was measured by western blot. **p<0.01 versus the miR-NC group. C) The expression of LATS2 mRNA in 80 gas-
tric cancer patients was determined by qRT-PCR. ***p<0.001 versus the NC group. D) The association between miR-654-3p and LATS2 was analyzed 
by Pearson’s correlation coefficient. E) Pearson’s correlation coefficient analyzed the association between the expression of circ_0067514 and LATS2 in 
gastric cancer patients. F) The protein level of LATS2 in AGS and HGC-27 cells was measured by western blot. **p<0.01 versus GES-1.

→ Figure 6. circ_0067514 regulates gastric cancer progression via the miR-654-3p/LATS2 axis. A) The protein level of LATS2 in AGS and HGC-27 
cells after transfection with si-LATS2 was assessed using a western blot. *p<0.05; **p<0.01 versus the si-NC group. B, C) The protein level of LATS2 in 
AGS and HGC-27 cells after co-transfection with pLCDH-circ_0067514 and miR-654-3p mimic or si-LATS2 was assessed using western blot. **p<0.01 
versus the pLCDH-cir group. #p<0.05 versus the pLCDH-circ_0067514 group. D) Cell viability of AGS and HGC-27 after co-transfection with pLCDH-
circ_0067514 and miR-654-3p mimic or si-LATS2 was evaluated using the CCK-8 assay. *p<0.05; **p<0.01. E, F) The proliferation ability of AGS and 
HGC-27 cells after co-transfection with pLCDH-circ_0067514 and miR-654-3p mimic or si-LATS2 was assessed by EdU staining. **p<0.01 versus 
the pLCDH-cir group. #p<0.05 versus the pLCDH-circ_0067514 group. G) Cell invasion of AGS and HGC-27 after co-transfection with pLCDH-
circ_0067514 and miR-654-3p mimic or si-LATS2 was measured by Transwell invasion assay. **p<0.01 versus the pLCDH-cir group. #p<0.05 versus the 
pLCDH-circ_0067514 group. H) The protein levels of HK2 and LDHA in AGS and HGC-27 cells after co-transfection with pLCDH-circ_0067514 and 
miR-654-3p mimic or si-LATS2 were detected by western blot. **p<0.01 versus the pLCDH-cir group. #p<0.05 versus the pLCDH-circ_0067514 group.
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Similar to the conclusion of in vitro studies, overexpres-
sion of circ_0067514 significantly suppressed tumor growth 
and tumor weight (p<0.01, Figures 7A and 7C), while did 
not interfere with the body weight (p<0.01, Figure 7B). 
Furthermore, the expression of circ_0067514 and LATS2 
were elevated, and miR-654-3p was decreased in tumor 
tissues of mice with overexpression of circ_0067514 (p<0.01, 
Figure 7D). Immunohistochemistry revealed that Ki-67, 
N-cadherin, HK2, LDHA were decreased, and LATS2 and 
E-cadherin were increased in tumor tissues of mice with 
overexpression of circ_0067514 (p<0.01, Figure 7E). Taken 
together, circ_0067514 suppressed tumor growth of gastric 
cancer.

Discussion
Gastric cancer is the most common malignance with 

high prevalence and poor prognosis worldwide [1, 2, 8, 
9]. Thus, it is imperative to fully clarify the mechanism of 
gastric cancer malignant development. Recently, accumu-
lating evidence reveals the cancer modulation function of 
circRNAs [23]. However, only a few circRNAs have been well 
identified in gastric cancer so far. Hence, we studied the role 
of hsa_circ_0067514 in gastric cancer and found that hsa_
circ_0067514 suppressed gastric cancer development and 
glycolysis through the miR-654-3p/LATS2 axis.

To investigate the action of hsa_circ_0067514 on gastric 
cancer, its expression was first verified. According to the 
bioinformatics analysis results based on GSE184882 and 
qRT-PCR results of gastric cancer patients and cells, we 
observed that circ_0067514 was lowly expressed in gastric 
cancer. So far, this study has firstly reported the abnormal 
expression of circ_0067514 in gastric cancer. Notably, the 
circ_0067514 expression was correlated with the overall 
survival, lymph node metastasis, TNM stage, and histolog-
ical differentiation of gastric cancer. Similarly, CEP70, the 
host gene of circ_0067514, was associated with histological 
grade, TNM stage, and lymph node metastasis of pancre-
atic cancer [24]. These findings indicated the possibility that 
circ_0067514 is involved in regulating gastric cancer malig-
nant development.

The expression of circ_0067514 was enforced in gastric 
cancer cells to clarify the role of circ_0067514 in gastric 
cancer. It was shown that overexpression of circ_0067514 
blocked the proliferation and invasion of gastric cancer 
cells. Due to the EMT process playing crucial roles in tumor 
aggressive behavior [25], the action of circ_0067514 on 
EMT was studied by detecting the expression of E-cadherin 
and N-cadherin. Ki-67 expression was related to the EMT 
process, and Ki-67 might induce EMT by increasing 
vimentin expression [26–28]. Therefore, the expression of 
Ki-67 also was detected. We found that overexpression of 
circ_0067514 suppressed the EMT process of gastric cancer 
cells. Up to now, this study has first discovered the role of 
circ_0067514 in suppressing gastric cancer proliferation, 
invasion, and EMT.

It is generally accepted that metabolic reprogramming 
exists in cancer cells to provide sufficient energy for rapid 
biosynthesis [29]. The metabolic reprogramming phenom-
enon is aerobic glycolysis or the “Warburg effect” [30], 
featuring reinforced glycolysis under normoxia [31]. The 
“Warburg effect” of cancer cells exhibits enhanced glucose 
consumption, glycolytic activity, and accumulation of lactic 
acid [32]. Hence, inhibition of glycolysis was considered a 
potential therapeutic strategy for cancer. Accumulating 
evidence reveals that glycolysis also plays a critical role 
in gastric cancer [31, 32]. Shao et al. proved that spalt like 
transcription factor 4 (SALL4) promoted gastric cancer 
development via modulating glycolysis [33]. We, therefore, 
investigated whether circ_0067514 regulated glycolysis in 
gastric cancer and found that overexpression of circ_0067514 
suppressed glucose absorption, lactate formation, and ATP 
level. Thus, overexpression of circ_0067514 restricted glycol-
ysis in gastric cancer.

CircRNAs regulate the progression of diseases through 
functioning as RBP sponges, gene transcription modula-
tors, RNA splicing regulators, and miRNA sponges [10]. For 
miRNA sponges, circRNAs contain multiple MERs, making 
circRNAs serve as the ceRNAs to target miRNAs and control 
downstream gene expression [11]. To study the precise 
molecular mechanism of circ_0067514 on gastric cancer 
proliferation, invasion, EMT, and glycolysis, the miRNA 
targeted by circ_0067514 was screened. According to the 
bioinformatics analysis results and experimental verification 
results, we found that circ_0067514 targeted miR-654-3p and 
circ_0067514 negatively regulated the miR-654-3p expres-
sion. Given that it was involved in regulating multiple cancer 
progression processes [34, 35], miR-654-3p was considered a 
momentous miRNA. In non-small cell lung cancer (NSCLC), 
miR-654-3p inhibits tumor growth [34]. In hepatocellular 
carcinoma, miR-654-3p suppresses cell aggressive behav-
iors [35]. Significantly, miR-654-3p is upregulated in gastric 
cancer and participates in gastric cancer tumorigenesis [20, 
36]. In this research, miR-654-3p presented high expression 
in gastric cancer, which was in compliance with the previous 
study [20]. Furthermore, Hu et al. found that miR-654-3p 
was regulated by hsa_circ_0079480 and modulated tumor 
growth and cell apoptosis of acute myeloid leukemia [37]. 
Deng et al. revealed that miR-654-3p was absorbed by 
circRHOBTB3 to modulate gastric cancer growth [20]. In 
this study, circ_0067514 functioned as a miR-654-3p sponge 
to regulate gastric cancer development.

miRNAs function as negative gene modulators to suppress 
the target gene expression [38]. For example, overexpres-
sion of miR-129-5p contributes to etoposide-induced lung 
cancer apoptosis by suppressing the YWHAB expression 
[39]. Therefore, the target gene of miR-654-3p was searched. 
Results discovered that miR-654-3p targeted LATS2 and 
negatively regulated the LATS2 expression. LATS2 is proven 
to exert tumor suppressor function in cancers [40, 41]. For 
example, overexpression of LATS2 induces cell apoptosis 
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Figure 7. circ_0067514 blocks tumor growth of gastric cancer in vivo. A) The images of xenografts from mice injected with pLCDH-cir/AGS and pLCDH-
circ_0067514/AGS, and the tumor volume was recorded. B) The body weight of mice injected with pLCDH-cir/AGS and pLCDH-circ_0067514/AGS 
was measured. C) The tumor weight of mice injected with pLCDH-cir/AGS and pLCDH-circ_0067514/AGS was measured. D) The expression levels of 
circ_0067514, miR-654-3p, and LATS2 in tumor tissues were detected by qRT-PCR. E) The levels of Ki-67, LATS2, E-cadherin, N-cadherin, HK2, and 
LDHA in tumor tissues were determined by immunohistochemistry. **p<0.01 versus the pLCDH-cir group.
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in NSCLC [40]. In breast cancer, LATS2 suppresses cancer 
progression by maintaining cell identity and metabolic state 
[41]. LATS2 also participates in gastric cancer proliferation 
and invasion [42, 43]. This study found that LATS2 was 
downregulated in gastric cancer. The finding was consis-
tent with the previous study [44]. Furthermore, Cho et al. 
found that LATS2 was targeted by miR-372 and regulated 
gastric cancer cell cycle and apoptosis [45]. Li et al. found 
that miR-93-5p promoted gastric cancer development via 
targeting LATS2 [46]. Moreover, LATS2 participated in the 
regulation of gastric cancer aggressive development in this 
study. Collectively, miR-654-3p targeted LATS2 to regulate 
gastric cancer development.

Together, circ_0067514 is downregulated in gastric cancer 
and blocks gastric cancer progression and glycolysis via 
the miR-654-3p/LATS2 axis. This paper reports the action 
of circ_0067514 on gastric cancer and the detailed mecha-
nism for the first time. These findings make circ_0067514 a 
valuable therapeutic target against gastric cancer. Unfortu-
nately, the small sample size was a limitation of the research. 
The study on large sample sizes of gastric cancer patients 
will be conducted in the future to clarify the significance of 
circ_0067514.
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