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Abstract
Background
Gastric cancer (GC) is one of the four most deadly tumors in the world, and its occurrence is influenced by 
genetic and environmental factors. CircRNA-miRNA-mRNA is reported to be associated with variety cancer, 
including GC.

Methods
The expression of hsa_circ_0000670, miR-141-3p and AlkB homolog 1 (ALKBH1) were detected by quantitative 
real-time polymerase chain reaction (qRT-PCR). Cell proliferation and apoptosis were detected by 5-Ethynyl-
2’-deoxyuridine (EdU) assay and flow cytometry. The protein expression levels were measured by western blot 
and immunohistochemistry (IHC). Tube forming experiment was performed to assess angiogenesis rate. The 
levels of glutamine and α-ketoglutaric acid (α-KG) were examined using commercial kits. The target interaction 
between miR-141-3p and circ_0000670 or ALKBH1 was verified by dual-luciferase reporter assay and RNA 
immunoprecipitation (RIP) assay. The effect of circ_0000670 on tumor in vivo was analyzed in mice.

Results
Circ_0000670 had a stable ring structure and was accelerated in GC tissues and cells. The proliferation of 
GC was hampered by circ_0000670 knockdown in vivo and in vitro, and the apoptosis rate was increased by 
circ_0000670 knockdown. Circ_0000670 down-regulation suppressed angiogenesis, the level of glutamine and 
α-KG in GC cells. The impacts of circ_0000670 knockdown on GC were relieved by miR-141-3p inhibition. 
The results indicated that circ_0000670 silencing could induce cell proliferation decline in GC, which was 
ameliorated by miR-141-3p knockdown. The functions of miR-141-3p mimic on cell proliferation, apoptosis, 
angiogenesis, glutamine and α-KG were reversed by ALKBH1 up-regulation.

Conclusion
Our findings revealed that circ_0000670 promoted GC progression though miR-141-3p and ALKBH1, suggesting 
that circ_0000670 might be a target for GC clinical treatment.
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Introduction
Gastric cancer (GC) is one of the fourth deadliest tumors entire 
world, and the survival rate in advanced stage is low [1]. The 
development of cancer is influenced by environmental factors 
such as eating habits and heredity [2]. Therefore, exploring the
genetic mechanism of GC can provide molecular targets for clin-
ical treatment of GC. More and more researchers focus on the ge-
netic mechanism of cancer occurrence. Molecular biology infor-
mation technologies such as Gene Ontology analysis and Kyoto 

Encyclopedia of Genes and Genomes pathway are employed 
to analyze the function of circRNA-miRNA-RNA network in 
cancer development to identify molecular markers that can be 
effectively used in cancer treatment [3, 4]. Liu et al. confirmed 
that circWHSC1 was greatly boosted in endometrial cancer tis-
sues, and that circWHSC1 sponged miR646 and targeted nucle-
ophosmin 1 (NPM1) to promote the proliferation, migration and 
invasion of endometrial cancer cells, and reduced cell apoptosis 
[5]. It is found that hsa_circ_0000670 could combine miR-384 
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to target SIX homeobox 4 (SIX4) andregulate the development 
of GC [6]. MiRNAs, as non-coding RNAs, can be sponged by 
circRNAs, and can also target mRNAs to regulate a variety of 
physiological activities in organisms [7]. Hsa_circ_001783 was 
highly expressed in breast cancer (BC) tissues and cells, and low 
expression of circ_001783 significantly confined the progres-
sion of BC cells, and the data of functional tests implied that 
hsa_circ_001783 acted as a sponge of miR-200c-3p and promot-
ed the development of BC cells [8]. Increasing researches ex-
hibited that miR-141-3p was involved in the occurrence and de-
velopment of many diseases, like vascular smooth muscle cells 
(VSMCs), necrotizing enterocolitis, nasopharyngeal carcinoma 
and endometrial stromal [9-12]. MiR-141-3p was obviously re-
duced in the plasma of patients with GC13, and might inhibit 
NF-kB pathway to restrain the proliferation and migration of hu-
man GC cells [13, 14]. But, the interaction between miR-141-3p 
and circ_0000670 in GC is unclear.

AlkB homolog 1 (ALKBH1) is identified for the first time as 
an N6-mA demethylase of local unpaired DNA, and is involved 
in the development of lung cancer, glioblastoma and other dis-
eases [15-18]. It’s reported that the significant down-regulation 
of ALKBH1 in GC tissues was closely related to the larger tu-
mor size and the later TNM stage [19]. However, the function 
of ALKBH1 in GC and the role of circ_0000670-miR-141-3p-
ALKBH1 axis in GC have not been reported.

The mechanism of circ_0000670-miR-141-3p-ALKBH1 axis in 
GC was explored without precedent. The effect of circ_0000670 
on glutamine metabolism in GC cells was demonstrated first 
time.

This study opens up a new possibility for the clinic treatment 
and prognosis of GC patients.

Materials And Methods
Clinical Specimens
Approved by the Ethics Committee of Department of Gastro-
intestinal Surgery, The First Hospital of Jiaxing, The Affiliated 
Hospital of Jiaxing University, forty-three patients with GC in 
Department of Gastrointestinal Surgery, The First Hospital of 
Jiaxing, The Affiliated Hospital of Jiaxing University voluntarily 
signed written consent forms and afforded their gastric tissues 
and adjacent tissues. When these tissues were isolated, they were 
immediately saved in liquid nitrogen until to use.

Cell Lines and Cell Culture
Nanjing Kebai Biological Technology Co., Ltd (Nanjing, Chi-
na) furnished the normal gastric epithelial cell line GES-1 and 
GC cell lines (AGS and HGC-27). All cells were hatched in 
RPMI-1640 (BIOSUN, Shanghai, China) with 10% fetal bovine 
serum (FBS; Bovogen, Melbourne, Australia) and 1% strepto-
mycin-penicillin (HyClone Company, Logan, UT, USA) at 37℃ 
with 5% CO2.

Hematoxylin & Eosin (H&E) Staining Assay
The paraffin sections from tumor tissues and normal tissues were 
dewaxed with xylene (Merck, Darmstadt, Germany) and gradu-
ally dehydrated with ethanol (Merck). Hematoxylin and Eosin 
Staining Kit (YEASEN, Shanghai, China) instructions were fol-

lowed for staining. Sections were dehydrated with alchol and 
sealed and histological analysis with a microscope.

RNA Extraction and Quantitative Real-Time Polymerase 
Chain Reaction (qRT-PCR)
The total RNA from cells or tissues was leached with TRIzol 
(Total RNA Extraction reagent) (Prilai Gene Technology Co., 
Ltd, Beijing, China). The RNA extracted was quantitatively 
analyzed using SYBR Green PCR Master Mix (Applied Bio-
systems, Foster City, CA, USA) in the Real-Time PCR Detec-
tion System (Bio-Rad, Shanghai, China). Housekeeping genes 
were glyceraldehyde 3-phosphate dehydrogenase (GAPDH) and 
small nuclear RNA U6 (U6). The primers used in this experi-
ment (Table 1) were all synthesized in Suzhou Hongxun Biolog-
ical Technology Co., Ltd (Suzhou, China).

RNase R assay
RNA was cultured with 100 µg/mL RNase R (Epicentre, Madi-
son, Wisconsin, USA). Then, qRT-PCR was executed to monitor 
the levels of circ_0000670 and C16orf72, respectively.

Cell Transfection
Small interfering (si)RNA of circ_0000670 (si-circ_0000670), 
siRNA negative control (si-NC), short hairpin (sh)RNA of 
circ_0000670 (sh-circ_0000670), shRNA NC (sh-NC), miR-
141-3p mimic, miRNA NC, miR-141-3p inhibitor, inhibitor NC, 
ALKBH1 expressing plasmid in pcDNA vector (pc-ALKBH1), 
and pcDNA NC (pc-NC) were synthesized or purchased from 
Genepharma (Shanghai, China) and Sangon Biotech (Shanghai, 
China). Lipofectamine 2000 transfection reagent (Invitrogen, 
Carlsbad, California, USA) was used to perform transient trans-
fection. Transfection efficiency was tested after transfection for 
48 h.

5-Ethynyl-2’-Deoxyuridine (Edu) Assay
EdU assay was conducted using an EdU apollo 567 in vitro kit 
(Solarbio, Beijing, China). GC cells were seeded onto the con-
focal plates and were incubated with 50 μM EdU reagent for 2 h. 
Cell nucleus was stained with DAPI reagent (Sigma, St. Louis, 
MO, USA). Cell fluorescence images were captured using a flu-
orescence microscope (Olympus, Tokyo, Japan).

Cell Apoptosis Assay
An Annexin V-fluorescein isothiocyanate (FITC)/propidium io-
dide (PI) kit (BD Biosciences, Franklin Lakes, NJ, USA) was 
used to analyze the apoptosis of GC cells. AGS and HGC-27 
cells were assembled after transfected with si-circ_0000670 or 
si-NC for 48 h, and cells were diluted and hatched with 5 μL 
Annexin V-FITC at 2-8℃ in the dark for 15 min. Then cells 
were fostered with 10 μL of PI solution at 2-8℃ for 5 min. Flow 
cytometry (Agilent, Beijing, China) was used to detect and pho-
tograph the apoptotic cells within 1 h.

Western Blot
Proteins was leached from cells by Radio Immunoprecipitation 
Assay (RIPA) lysis buffer containing protease phosphatase in-
hibitors and Phenylmethanesulfonyl fluoride (PMSF) (Prilai 
Gene Technology Co., Ltd), and the concentration of protein 
was measured by protein quantification Kit (BCA method) 
(Prilai Gene Technology Co., Ltd). Proteins of different lengths 
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were separated via SDS-PAGE Kit (Shanghai Guduo Biological 
Technology Co., Ltd, Shanghai, China). The polyvinylidene flu-
oride (PVDF) membrane (Millipore, Billerica, MA, USA) was 
engaged to shift the proteins, and was sealed with 5% albumin 
from chicken egg white (Solarbio) for 2 h. PVDF membrane was 
hatched with the primary antibodies at 4℃ overnight, including 
anti-Bcl-2 associated X, apoptosis regulator (anti-Bax; ab32503; 
1:8000; Abcam, Cambridge, MA, USA), anti-B cell leukemia/
lymphoma 2 (anti-Bcl-2; ab32124; 1:8000; Abcam), anti-ALK-
BH1 (ab126596; 1:5000; Abcam), and anti-GAPDH (ab8245; 
1:20000; Abcam). Subsequently, the membrane was incubated 
with the horseradish peroxidase (HRP)-conjugated secondary 
antibodies (ab288151; 1:3000; Abcam) for 2 h at room tem-
perature, added with ECL Plus hypersensitive luminescence 
solution (Solarbio), and photographed in a gel imaging analyzer 
(UVITEC, Cambridge, England).

Angiogenesis Assay
10 μL of Matrigel (BD Biosciences) melted in a refrigerator at 
4℃ was added to sterile ibidi angiogenesis slide, and the slide 
was placed in a wet box for later use. A 50 μL si-NC or si-
circ_0000670 cell suspension with the density of 2×105 cells/
mL was added to the Matrigel gel well and the serum-free me-
dium was added to the well for a period of time to induce angio-
genesis. Tube formation was observed and photographed under 
a microscope (Olympus).

Glutamine Metabolism Assay
The effect of circ_0000670 on glutamine in AGS and HGC-27 
cells was measured with Glutamine Assay Kit (Abcam). In brief, 
fresh medium and cell medium were mingled with enzyme and 
incubated in dark for a period of time, respectively, and the ab-
sorbance at 565 nm was detect. The level of α-Ketoglutaric acid 
(α-KG) in cells was assessed with a α-ketoglutaric acid (α-KG) 
Kit (Ruixin Biotechnology Co., Ltd, Fujian, China).

Dual-Luciferase Reporter Assay
Circ_0000670 and ALKBH1 wild-type and mutant dual fluores-
cence reporter vectors (WT-circ_0000670, MUT-circ_0000670, 
WT-ALKBH1-3’UTR and MUT-ALKBH1-3’UTR) were 
co-transfected into AGS and HGC-27 cells with miR-141-3p 
mimic or miRNA NC, respectively. The luciferase activity of 
each group was measured in a TD20/20 Luminometer (Turner 
Biosystems, Sunnyvale, CA, USA) according to the Double-lu-
ciferase reporter Gene Test Kit (Beyotime Biotechnology, Jiang-
su, China) after transfected for 48 h.

RNA Immunoprecipitation (Rip) Assay
RIP experiments were performed to analyze the binding effects 
between miR-141-3p and circ_0000670 or ALKBH1. An equal 
volume of RIP lysis buffer (Millipore, Billerica, MA, USA) 
was appended to the AGS and HGC-27 cell precipitate to lyse 
cells to prepare cell suspensions. Then cell pellets were incu-
bated with anti-Ago2 antibody (Abcam) or anti-IgG antibody 
(Abcam)-magnetic beads. Then the complex was cultivated with 

proteinase K (Thermo Fisher Scientific, Rockville, MD, USA) 
to remove proteins. The extracted RNA was isolated by TRN-
ZOL reagent (TIANGEN, Beijing, China), and circ_0000670, 
miR-141-3p and ALKBH1 were quantified by qRT-PCR.

In Vivo Experiment
A total of six BALB/c nude mice (5 weeks old) from the Vital 
River Laboratory Animal Technology (Beijing, China) were di-
vided into two groups at random, one group was inoculated with 
HGC-27 cells transfected with sh-NC as a control group and the 
other group was inoculated with HGC-27 cells transfected with 
sh-circ_0000670. The size of tumor was measured every week 
as length×width2×0.5, and the mice were killed painlessly after 
the size of tumor was measured on the fourth weeks, and the 
mass of tumors were weighed. These animal experiments were 
approved by the Animal Welfare and Research Ethics Commit-
tee of Department of Gastrointestinal Surgery, The First Hospi-
tal of Jiaxing, The Affiliated Hospital of Jiaxing University.

Immunohistochemistry (IHc) Assay
The protein expression of marker of proliferation Ki-67 
(MKI67, Ki67) was detected by IHC. Tumor tissues of mice in 
sh-circ_0000670 group and sh-NC group were made into tissue 
sections with formalin and paraffin, and the slices were treated 
with Ki-67 antibody (ab15580; 1:300; Abcam) and the second-
ary antibody (ab288151; 1:500; Abcam). The samples were dyed 
with diaminobenzidine (Sangon Biotech) and the expression of 
Ki67 was assessed according to the integrated optical density in 
each stained area.

Statistical Analysis
SPSS 21.0 (SPSS, Chicago, Illinois, USA) and GraphPad Prism 
8.0 software (GraphPad Inc., LaJolla, California, USA) were 
serviced for data analysis and graphs. The student’s t-test and 
analysis of variance (ANOVA) were employed for comparisons 
in data. Results were presented as “mean ± standard deviation”, 
and P < 0.05 was thought statistically significant.

Results
Circ_0000670 Was Up-Regulated in Gc Tissues and Cells
We first identified GC tissue samples and adjacent normal tissue 
samples with H&E (Fig.1A). Then we explored the abundance 
of circ_0000670 in GC tissues and cells with qRT-PCR. As illus-
trated in Fig.1B, a significantly upregulated circ_0000670 level 
was observed in GC tissues compared with adjacent normal tis-
sues. Circ_0000670 expression was also up-regulated in two GC 
cell lines (AGS and HGC-27) compared with a normal gastric 
epithelial cell line GES-1 (Fig. 1C). RNase R assay exhibited 
that circ_0000670 was more stable than C16orf72 in AGS and 
HGC-27 cells because of its ring structure (Fig.1D-E). In short, 
circ_0000670 was up-regulated in GC tissues and cells, which 
might be a molecular target of GC.
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Figure 1: The expression of circ_0000670 was increased in GC tissues and cells. (A) H&E staining assay was conducted to differ-
entiate GC tissues and adjacent normal tissues. (B) Circ_0000670 expression in tumor tissues (n=43) and normal paracancer tissues 
(n=43) was detected by qRT-PCR. (C) The expression of circ_0000670 in two GC cell lines (AGS and HGC-27) and a normal gas-
tric epithelial cell line GES-1 was measured by qRT-PCR. (D and E) QRT-PCR was used for the abundance of circ_0000670 and 
C16orf72 in AGS and HGC-27 cells treated with RNase R. *P<0.05. All cellular experiments were independently repeated three 
times, and the data were presented in the format of “mean± standard deviation”.

Circ_0000670 Interference Inhibited Gc Cell Growth
Firstly, the transfection efficiency of si-circ_0000670 was test-
ed via qRT-PCR. Circ_0000670 expression was dramatically 
inhibited in AGS and HGC-27 cells after transfected with si-
circ_0000670 (Fig.2A). Circ_0000670 knockdown reduced 
the percentage of EdU-positive GC cells (Fig. 2B), suggesting 
that circ_0000670 silencing suppressed the proliferation of GC 
cells. Apoptosis rate of AGS and HGC-27 cells was obvious-
ly increased with the silencing of circ_0000670 (Fig.2C). Si-
circ_0000670 increased the protein expression of Bax in AGS 

and HGC-27 cells, and inhibited the expression of Bcl-2 in AGS 
and HGC-27 cells (Fig.2D-E). Angiogenesis assay showed that 
the tube formation in AGS and HGC-27 cells was markedly re-
duced in si-circ_0000670 group (Fig.2F). After AGS and HGC-
27 cells were transfected with si-circ_0000670, glutamine and 
α-KG in AGS and HGC-27 cells were remarkably restrained 
(Fig.2G-H). Taken together, circ_0000670 played an oncogenic 
role in GC cells in vitro.
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Figure 2: Circ_0000670 knockdown suppressed cell proliferation in GC cells. (A) QRT-PCR was performed to detect the inhib-
itory efficiency of si-circ_0000670 in AGS and HGC-27 cells. (B) The proliferation ability of AGS and HGC-27 cells after si-
circ_0000670 transfection was analyzed by EdU assay. (C) Flow cytometry was conducted to evaluate the effect of si-circ_0000670 
on cell apoptosis. (D and E) Western blot assay was used to detect the protein expression of Bax and Bcl-2 in AGS and HGC-27 cells. 
(F) The angiogenesis assay was used to measure the angiogenesis in AGS and HGC-27 cells after transfected with si-circ_0000670. 
(G and H) The effects of circ_0000670 knockdown on glutamine metabolism were evaluated by the levels of glutamine and α-KG. 
*P<0.05. All cellular experiments were independently repeated three times, and the data were presented in the format of “mean± 
standard deviation”.

Mir-141-3p Was Decreased in Gc and Was Regulated by 
Circ_0000670
For the sake of probing the mechanism of circ_0000670, circ-
BanK (http://www.circbank.cn) was used to seek for miR-
NAs that might interact with circ_0000670. We found that 
circ_0000670 might serve as a molecule sponge for miR-141-3p 
(Fig.3A). Compared with miRNA NC group, the expression of 
miR-141-3p in AGS and HGC-27 cells was strikingly increased 
in miR-141-3p mimic group (Fig.3B). Compared with miR-
NA NC, miR-141-3p inhibited the luciferase activity of WT-
circ_0000670, while it had no effect on luciferase activity of 

MUT-circ_0000670 (Fig.3C-D). Moreover, RIP assay results in-
dicated that both circ_0000670 and miR-141-3p were markedly 
enriched by Ago2 (Fig.3E-F). MiR-141-3p was conspicuously 
constrained in GC tissues and cells (Fig.3G-H). And miR-141-
3p was notably boosted in AGS and HGC-27 cells transfected 
with si-circ_0000670 than that in the control group (Fig.3I). The 
data suggested circ_0000670 negatively regulated miR-141-3p 
in GC cells.
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Figure 3: MiR-141-3p was targeted by circ_0000670. (A) The binding sequence between circ_0000670 and miR-141-3p was pre-
dicted by circBank. (B) The expression of miR-141-3p in GC cells after miR-141-3p mimic transfection was measured by qRT-PCR. 
(C and D) The luciferase activities in each groups were detected with dual-luciferase reporter assay. (E and F) The enrichment of 
circ_0000670 and miR-141-3p in AGS and HGC-27 cells was detected with RIP assay. (G and H) The expression of miR-141-3p in 
GC tissues and cells was detected by qRT-PCR. (I) The effect of circ_0000670 down-regulation on the expression of miR-141-3p 
in AGS and HGC-27 cells was analyzed by qRT-PCR. *P<0.05. All cellular experiments were independently repeated three times, 
and the data were presented in the format of “mean± standard deviation”.
The Effects of Circ_0000670 Knockdown on The Biological 
Behaviors of Gc Cells Were Overturned by Anti-Mir-141-3p
MiR-141-3p inhibitor suppressed the miR-141-3p expression 
in cells (Fig.4A). MiR-141-3p silencing reverted the impacts 
of circ_0000670 depletion on proliferation and apoptosis of 
AGS and HGC-27 cells (Fig.4B-C). Bax was boosted by si-
circ_0000670, while Bcl-2 was hindered by si-circ_0000670, 

and these affects were restored by miR-141-3p inhibitor 
(Fig.4D-E). MiR-141-3p inhibition reversed the decrease of 
angiogenesis, glutamine consumption and α-KG production 
in circ_0000670-silenced AGS and HGC-27 cells (Fig.4F-H). 
The data proved that si-circ_0000670-mediated effects on the 
biological behaviors of GC cells were reversed by miR-141-3p 
down-regulation.
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Figure 4: Down-regulation of miR-141-3p reversed the effects of si-circ_0000670 on AGS and HGC-27 cells. (A) The expression 
of miR-141-3p was measured by qRT-PCR after transfection with inhibitor NC and miR-141-3p inhibitor in AGS and HGC-27 cells. 
(B) The effect of si-circ_0000670 and miR-141-3p inhibitor on the proliferation of GC cells was analyzed by EdU assay. (C) Flow 
cytometry was conducted to analyze the effect of si-circ_0000670 and miR-141-3p inhibitor on the apoptosis of GC cells. (D and E) 
Western blot assay was performed to measure the protein levels of Bax and Bcl-2 in transfected GC cells. (F) The angiogenesis assay 
was conducted to analyze the angiogenesis ability of transfected GC cells. (G and H) The effect of si-circ_0000670 and miR-141-3p 
inhibitor on the glutamine metabolism of GC cells was evaluated by measuring the levels of glutamine and α-KG. *P<0.05. All cel-
lular experiments were independently repeated three times, and the data were presented in the format of “mean± standard deviation”.

Alkbh1 Was Targeted by Mir-141-3p In Gc Cells
Starbase (http://starbase.sysu.edu.cn) was used to predict the tar-
get gene of miR-141-3p, as shown in Fig.5A, there was a bind-
ing site for miR-141-3p in the 3’UTR region of ALKBH1. We 
observed that miR-141-3p overexpression repressed the lucif-
erase activity in AGS and HGC-27 cells carrying the luciferase 
plasmid containing WT-ALKBH1-3ʹUTR but not the luciferase 
plasmid containing MUT-ALKBH1-3ʹUTR (Fig.5B-C). The 

data of RIP assay indicated that miR-141-3p and ALKBH1 were 
markedly enriched in the Ago2 group (Fig.5D-E). ALKBH1 was 
distinctly boosted in GC tissues and cells, and negatively reg-
ulated by miR-141-3p (Fig.5F-I). Restoration experiments dis-
played the inhibitory effect of si-circ_0000670 on ALKBH1 was 
reversed after miR-141-3p inhibitor co-transfection (Fig.5J). In 
a word, ALKBH1 was up-regulated in GC tissues and cells, and 
regulated by circ_0000670 and miR-141-3p.
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Figure 5: ALKBH1 was bound by miR-141-3p. (A) Target sites of miR-141-3p in ALKBH1 were analyzed by Starbase. (B and 
C) The combination between miR-141-3p and ALKBH1 was verified by dual-luciferase reporter assay. (D and E) The interaction 
between miR-141-3p and ALKBH1 was confirmed by RIP assay. (F and G) The mRNA and protein expression of ALKBH1 in GC 
tissues and adjacent normal tissues was analyzed by qRT-PCR and western blot assay. (H) The protein level of ALKBH1 in two 
GC cell lines (AGS and HGC-27) and a normal gastric epithelial cell line GES-1 was determined by western blot assay. (I) Effects 
of miR-141-3p overexpression on ALKBH1 expression in AGS and HGC-27 cells were analyzed by western blot assay. (J) West-
ern blot assay was conducted to detect the protein expression of ALKBH1 in GC cells transfected with si-circ_0000670 alone or 
together with miR-141-3p inhibitor. *P<0.05. All cellular experiments were independently repeated three times, and the data were 
presented in the format of “mean± standard deviation”.

Alkbh1 Overexpression Reversed the Effects of Mir-141-3p 
Overexpression on Gc Cells
The transfection efficiency of pc-ALKBH1 in AGS and HGC-
27 cells was measured by western blot, the result manifested 
the expression of ALKBH1 was obviously enhanced (Fig.6A). 
The inhibitory effect of miR-141-3p mimic on cell proliferation 
was regained in AGS and HGC-27 cells co-transfected with 
pc-ALKBH1 (Fig.6B). MiR-141-3p mimic promoted apoptosis 
in AGS and HGC-27 cells, while pc-ALKBH1 alleviated this 

effect (Fig.6C). The expression of Bax was increased, while 
Bcl-2 was hampered in GC cells with miR-141-3p mimic trans-
fection, and ALKBH1 overexpression reversed these effects 
(Fig.6D-E). ALKBH1 overexpression rescued the angiogenesis 
and glutamine metabolism in miR-141-3p-overexpressed GC 
cells (Fig.6F-H). In brief, the effects of miR-141-3p mimic on 
GC cells was reverted by ALKBH1 overexpression.
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Figure 6: ALKBH1 overexpression overturned the effects of miR-141-3p mimic on the progression ofAGS and HGC-27 cells. 
(A) The overexpression efficiency of pc-ALKBH1 in AGS and HGC-27 cells was analyzed by qRT-PCR. (B) The proliferation of 
transfected GC cells was analyzed by EdU assay. (C) The apoptosis rate of transfected GC cells was assessed by flow cytometry. (D 
and E) Western blot assay was conducted to measure the protein expression of Bax and Bcl-2 in transfected GC cells. (F) The tube 
formation ability of transfected GC cells was analyzed by the angiogenesis assay. (G and H) The glutamine metabolism of trans-
fected GC cells was analyzed by detecting the levels of glutamine and α-KG. *P<0.05. All cellular experiments were independently 
repeated three times, and the data were presented in the format of “mean± standard deviation”.

Circ_0000670 Knockdown Inhibited the Growth of Gc In 
Vivo
Mouse tumor model was constructed to analyze the ef-
fects of circ_0000670 on GC in vivo. Tumor volume and 
weight were greatly curbed in sh-circ_0000670 group than 
sh-NC group (Fig.7A-B). We revealed that after injection 
of sh-circ_0000670-transfected HGC-27 cells into mice, 

circ_0000670 expression in tissues was significantly reduced 
(Fig.7C). The expression of miR-141-3p was elevated while 
ALKBH1 was decreased in sh-circ_0000670 group (Fig.7D-E). 
The data of immunohistochemical assay demonstrated that the 
protein level of Ki67 was reduced in the lower circ_0000670 
expression group (Fig.7F).
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Figure 7: Circ_0000670 knockdown inhibited the tumor growth of GC in vivo. (A) The tumor volume was measured every week. 
(B) Tumor weight was detected after 4-week inoculation. (C to E) The levels of circ_0000670, miR-141-3p and ALKBH1 protein 
were examined in each group by qRT-PCR and western blot. (F) The level of Ki67 in mouse tissues were detected by IHC assay. 
*P<0.05.
Discussion
GC is the second deadliest malignant tumor in human, ten mil-
lion new cases of GC were reported in 2018 [20]. CircRNAs 
have been certified to be involved in GC therapy as oncogenes 
or tumor suppressor genes [21-23]. Yang et al. showed that circ-
HUR inhibited the progression of GC by down-regulating the 
expression of HuR gene though binding to CNBP [24]. The 
overexpression of circ-DONSON in GC promoted the growth of 
GC cells, and circ-DONSON was associated with Tumor Node 
Metastasis (TNM) stage and poor prognosis in GC patients [25]. 
Circ_0110805 could inhibit the expression of ENDOPDI by 
miR-299-3p to inhibit the cisplatin sensitivity and apoptosis of 
GC cells [26]. In our study, we presented that circ_0000670 was 
markedly aggrandized in GC tissues and cells, and the results 
of function experiment displayed that silencing circ_0000670 
remarkably suppressed cell proliferation and accelerated cell 
apoptosis in vitro, and impeded tumor growth in vivo, which 
was consistent with the findings of Yang et al [6]. We also found 
that silence of circ_0000670 strikingly facilitated the level of 
Bax, while evidently restrained the level of Bcl-2 in GC cells. 
Besides, we data suggested that circ_0000670 knockdown obvi-
ously hindered angiogenesis, glutamine metabolism of GC cells. 
In a word, down-regulation of circ_0000670 might inhibit cell 
proliferation by inhibiting glutamine metabolism in GC.

CircBank was used to predict that miR-141-3p was the target 
gene of circ_0000670, and which was verified by dual-lucifer-
ase reporter experiment and RIP assay. The data discovered that 
miR-141-3p was diminished in GC tissues and cells, and the 
proliferation of GC cells in vitro was blocked with miR-141-3p 
overexpression. Similarly, Liu et al. found that the abilities of 
GC cells to migrate and invade were confined with miR-141-3p 
mimic transfection, and miR-141-3p retarded cell viability [27]. 
We also implied that the level of Bax was augmented with miR-
141-3p up-regulation, and the levels of Bcl-2, angiogenesis, glu-

tamine metabolism of GC cells were impeded with miR-141-3p 
overexpression. The data in our study indicated the effects of si-
circ_0000670 on proliferation, apoptosis, Bax, Bcl-2, angiogen-
esis, glutamine metabolism was reversed in GC cells co-trans-
fected with miR-141-3p inhibitor. In short, circ_0000670 could 
regulate the development of GC by sponging miR-141-3p.

ALKBH1 was predicted and confirmed to be a target gene of 
miR-141-3p via Starbase, dual-luciferase reporter experiment 
and RIP assay in the study. The data disclosed that ALKBH1 in 
GC tissues and cells was specially enhanced, and was passively 
controlled by miR-141-3p. Wang28 et al. also elucidated that 
ALKBH1 was pronouncedly reinforced in GC tissues. Besides, 
we found that miR-141-3p deficiency reversed the inhibitory ef-
fect of circ_0000670 knockdown on ALKBH1 in GC cells. And 
the effects of miR-141-3p mimic on GC cells were recuperated 
after ALKBH1 overexpression. In a word, circ_0000670 regu-
lated cell growth though miR-141-3p/ALKBH1 axis in GC.

Conclusion
In this study, we found that circ_0000670 was fortified in GC 
tissues and cells, and it was an oncogene in GC. Circ_0000670 
promoted the progression of GC by increasing glutamine metab-
olism through the miR-141-3p/ALKBH1 axis.
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