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Background: This study aimed at probing into the effect of long non-coding RNA 
(lncRNA) C-terminal binding protein 1 antisense RNA 2 (CTBP1-AS2) on gastric cancer 
(GC) cell proliferation and apoptosis, and its regulatory function on miR-139-3p and 
MMP11.
Methods: Quantitative real-time polymerase chain reaction (qRT-PCR) was employed to 
examine the expressions of CTBP1-AS2, miR-139-3p and MMP11 mRNA in GC cell lines 
and clinical specimens. Cell counting kit-8 (CCK-8) assay, flow cytometry and EdU assay 
were conducted to examine the effects of CTBP1-AS2 and miR-139-3p on GC cell prolif-
eration and apoptosis. Western blot was applied for detecting the expressions of Bax, Bcl-2 
and MMP11. A lung metastasis mouse model was used to evaluate metastasis of GC cells 
in vivo. Bioinformatics, dual-luciferase report assay, RIP and RNA pull-down assays were 
utilized to validate the targeted relationship between CTBP1-AS2 and miR-139-3p as well as 
the targeting relationship between miR-139-3p and MMP11.
Results: CTBP1-AS2 was highly expressed in GC, and its high expression was strongly 
associated with increased TNM stage, increased tumor size and low degree of differentiation 
of the tumor tissues. Meanwhile, CTBP1-AS2 promoted GC cell proliferation, metastasis and 
suppressed apoptosis, while miR-139-3p could weaken these effects. In addition, CTBP1- 
AS2 was identified as a molecular sponge for miR-139-3p, and MMP11 was verified as 
a target gene of CTBP1-AS2. CTBP1-AS2 could increase the expression of MMP11 via 
repressing miR-139-3p.
Conclusion: CTBP1-AS2 promotes GC cells and inhibits apoptosis by regulating the miR- 
139-3p/MMP11 molecular axis.
Keywords: CTBP1-AS2, GC, proliferation, apoptosis

Introduction
Ranking fifth in morbidity and third in mortality globally, gastric cancer (GC) is 
defined as one of the most threatening malignancies.1,2 Currently, surgery remains 
the primary treatment for GC, and the five-year overall survival rate among GC 
patients is only approximately 35%.3 Exploring the mechanism of GC pathogenesis 
is of great scientific and clinical significance, which is expected to open up new 
paths for the clinical prevention and treatment of GC.

Recognized as a class of RNAs with a length of over 200 nucleotides, long non- 
coding RNAs (lncRNAs) are mainly located in the nucleus or cytoplasm and cannot 
encode proteins.4 Reportedly, lncRNAs can markedly regulate the progression of 
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multiple cancers including GC.5–7 For instance, as an 
oncogenic lncRNA, lncRNA AFDN-DT can inhibit GC 
cell growth through transcriptional regulation;8 as a tumor- 
suppressive factor, LINC00460 is significantly up- 
regulated in GC tissues, and promotes the malignant 
biological behaviors of cancer cells via epigenetically 
silencing CCNG2.9 LncRNA C-terminal binding protein 
1 antisense RNA 2 (CTBP1-AS2) is not only related to the 
susceptibility to type 2 diabetes10 but also closely con-
nected with the recurrence of papillary thyroid cancer.11 

Nevertheless, the role of CTBP1-AS2 in cancer biology, 
especially in GC, is still unclear.

MicroRNAs (miRNAs), also belonging to non-coding 
RNAs (ncRNAs), emerge as a type of endogenous ncRNAs 
with 19–24 nucleotides, and can bind to the 3ʹ-UTR of target 
mRNA to further modulate the target gene expression.12 In 
addition, miRNAs take part in regulating the malignant phe-
notypes of cancer cells in many different tumors including 
GC, such as cell proliferation, differentiation and 
apoptosis.13–15 For example, miR-638 is down-regulated in 
GC, and its overexpression suppresses cell growth via inhi-
biting MACCI expression.16 MiR-139-3p is lowly expressed 
in ovarian cancer tissues and it impedes tumor cell growth, 
and ELAVL1 is its downstream target which can be nega-
tively regulated by it.17 Besides, miR-139-3p can negatively 
regulate matrix metalloproteinase 11 (MMP11), and via this 
mechanism, miR-139-3p can repress GC cell growth and 
promote apoptosis.18 However, the upstream mechanism 
for regulating miR-139-3p in GC is still unclear.

With the data from the cancer genome atlas (TCGA), we 
noticed that CTBP1-AS2 was up-regulated in GC tissues, 
suggesting its relationship with the tumorigenesis of GC. In 
this work, we studied the expression characteristic, prognos-
tic value, and biological function of CTBP1-AS2 in GC. 
Furthermore, we established a competitive endogenous 
RNA (ceRNA) network with CTBP1-AS1, miR-139-3p 
and MMP11, which participates in the progression of GC.

Materials and Methods
Clinical Samples
For the present study, tissue samples, including GC tissues 
and adjacent tissues (3 cm away from GC tissue), of 37 
patients were collected during the gastrectomy in the First 
Affiliated Hospital of Zhengzhou University, from June 2017 
to August 2019. All samples were immediately stored in 
liquid nitrogen after collection until RNA extraction. The 
diagnosis of the patients was confirmed by pathological 

examination. The informed consent from the patients was 
obtained before the gastrectomy. The study protocol was 
endorsed by the Medical Research Ethics Committee of the 
First Affiliated Hospital of Zhengzhou University.

Cell Culture
Human normal gastric mucosal cells (GES-1) and GC cell 
lines (SNU-1, NCI-N87, HGC-27 and AGS) were purchased 
from the American Type Culture Collection (ATCC; 
Rockville, MD, USA). All the above cells were cultured in 
Dulbecco’s Modified Eagle Medium/Ham’s Nutrient mixture 
F12 (DMEM/F12, Gibco, Grand Island, NY, USA) with 100 
U/mL penicillin and 0.1 mg/mL streptomycin (Sigma, 
St. Louis, MO, USA) and 10% fetal bovine serum (FBS; 
HyClone, Logan, UT, USA) in 5% CO2 at 37°C. When 
reaching 70–80% confluence, the cells were treated with 
0.25% trypsin and subcultured.

Cell Transfection
SNU-1 and AGS cells were used for transfection when their 
confluency was around 80%. LipofectaminTM2000 (Thermo 
Fisher Scientific, Waltham, MA, USA) was utilized to trans-
fect AGS cells with CTBP1-AS2 overexpression plasmids 
and SNU-1 cells with siRNAs targeting CTBP1-AS2.

Quantitative Real-Time Polymerase Chain 
Reaction (qRT-PCR)
After AGS and SNU-1 cells during logarithmic growth were 
collected, the cell lysis was performed using TRIzol reagent 
(Invitrogen, Carlsbad, CA, USA). Total RNA extraction was 
conducted following the instruction of the kit, and 
Nanodrop-spectrophotometer was employed to measure the 
RNA purity and concentration. Then, RNAs were kept at – 
80°C for further use. Based on the manufacturer’s protocol, 
complementary DNA (cDNA) was synthesized from 1 µg of 
total RNA with the PrimeScript-RT Kit (Madison, WI, 
USA), and then the SYBR® Premix-Ex-Taq™ (Takara, 
TX, USA) and ABI7300 system were used to perform 
PCR. U6 and GAPDH were used as the internal references 
for miRNA, and mRNA (lncRNA), respectively. All experi-
ments were conducted in triplicate, and Table 1 shows the 
specific primer sequences.

Databases and Bioinformatics Analysis
GEPIA (http://gepia.cancer-pku.cn/) was utilized to ana-
lyze CTBP1-AS2 expression in GC samples from TCGA; 
Kaplan–Meier plotter (http://kmplot.com/analysis/index. 
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php) was employed to relationship between CTBP1-AS2 
and the prognosis of GC patients; LncBase Predicted v2.0 
(http://carolina.imis.athena-innovation.gr/diana_tools/web/ 
index.php) was employed to predict the candidate 
miRNAs binding to CTBP1-AS2, and TargetScan (http:// 
www.targetscan.org/) was used for predicting downstream 
mRNAs of the miRNA.

Cell Counting Kit-8 (CCK-8) Assay
After the transfection of SNU-1 cells and AGS cells 
were resuspended in 10% serum-containing DMEM/ 
F12 medium, and the cell concentration was modulated 
to 1 × 104 cells/mL. The cells were subsequently inocu-
lated into 96-well culture plates (100 μL/well) with 6 
replicate wells in each group. Ten microliters of CCK-8 
solution (Thermo Fisher Scientific, Waltham, MA, USA) 
was added into each well of the plate. After 1 h of 
culture, the optical density (OD) value of each well 
was measured at 450 nm. The OD values at 0, 24, 48 
and 72 h were measured, respectively. Then, the growth 
curve was plotted.

EdU Assay
Twenty-four hours after the transfection, medium was dis-
carded and cells were rinsed once with PBS. Subsequently, 
cells were trypsinized to prepare single-cell suspension, 
which was then seeded into 96-well plates and incubated for 
12 h. The EdU working solution (Beyotime Biotechnology, 
Shanghai, China) was added, with which the cells were incu-
bated for 4 h. Next, 100 μL of paraformaldehyde fixative was 
added before cells were incubated on a decolorizing shaker 
for 30 min at room temperature. 2 mg/mL glycine was added, 
followed by incubation for 5 min on a decolorizing shaker. 

After that, 100 μL 1 × Apollo® staining solution was added 
prior to the incubation for 30 min. Then, 100 μL of penetrant 
was added, with which the cells were incubated for 10 min. 
Afterwards, DAPI reaction liquid was added and the cells 
were incubated at room temperature for 30 min. After the 
reaction liquid was washed off with PBS, the pictures of cells 
were taken under the fluorescence microscope. The blue 
fluorescence represented the total number of cells detected, 
and the red fluorescence symbolized proliferated cells. Cell 
proliferation rate = number of red fluorescence cells/number 
of blue fluorescence cells × 100%.

Flow Cytometry to Detect Apoptosis
AnnexinV/7-AAD Apoptosis Detection Kit (Southern 
Biotechnology, Birmingham, Al, USA) was used. Cells 
during logarithmic growth were taken. The cells of each 
group were centrifuged for 5 min at 2000 r/min, and 
medium was discarded. Five microliters of 7-AAD stain-
ing solution was added into 500 μL of binding buffer, then 
the cells were resuspended. Next, the cells in each group 
were added with 1 μL of AnnexinV-PE staining solution 
and incubated in the dark at room temperature for 15 min. 
After that, the cells were immediately detected by flow 
cytometry, the result of which was expressed by the apop-
tosis rate.

Dual-Luciferase Reporter Assay
The dual-luciferase activity detection kit was purchased 
from Promega Corporation (Madison, WI, USA), and 
luciferase reporter vectors were also synthesized by 
Promega. Reporter gene plasmids for wild-type (WT) 
and mutant-type (MUT) CTBP1-AS2 and MMP11-3ʹUTR 
were co-transfected into HEK293T cells with miR-139-3p 
and miR-con, respectively. After 48 h of transfection, for 
each group, firefly luciferase and renilla luciferase activ-
ities were detected with a microplate reader. Firefly luci-
ferase activity was then normalized by renilla luciferase 
activity.

RNA Pull-Down Assay
AGS cells were lysed using RIPA lysis buffer (Biossci, 
Wuhan, China), and then incubated with Biotinylated 
(Bio)-NC, Bio-CTBP1-AS2-WT or Bio-CTBP1-AS2- 
MUT (GenePharma, Shanghai, China) for 1 h. Next, 
Dynabeads M-280 streptavidin (Invitrogen, CA, USA) 
was employed to isolate biotin-labeled RNA, and qRT- 
PCR was utilized for detecting the enrichment of miR- 
139-3p in the pull-down complex.

Table 1 Sequences Used for qRT-PCR

CTBP1-AS2 F: CAAGGGCACTCAAAGGGCTA 

R: CAGGCAGGCAAACACAGAAC

miR-139-3p F: GGAGACGCGGCCCTGTTGGAGT

R: Uni-miR qPCR primer

MMP11 F: AGACACCAATGAGATTGCAC

R: GCACCTTGGAAGAACCAAATG

U6 F: CTCGCTTCGGCAGCACA

R: AACGCTTCACGAATTTGCGT

GAPDH F: ACAACTTTGGTATCGTGGAAGG

R: GCCATCACGCCACAGTTTC

Abbreviations: F, forward; R, reverse; RT, transcription.
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RNA Immunoprecipitation (RIP)
RIP analysis was conducted with EZ-Magna RIP™ RNA- 
Binding Protein Immunoprecipitation Kit (Merck 
Millipore, Billerica, MA, USA). Briefly, based on the 
manufacturer’s instructions, AGS and SNU-1 cells were 
lysed in RIP lysis buffer, and incubated with anti-IgG or 
anti-Ago2 antibodies conjugated with magnetic beads. 
After that, the lysis was incubated with proteinase K to 
remove the proteins. After that, RNA was extracted with 
TRIzol method, and then qRT-PCR was performed for 
detecting the expression of co-precipitated RNAs.

Western Blot
RIPA buffer (Biossci, Wuhan, China) was added to the 
cells in each group. After fully mixed, the lysis was 
incubated on ice for 30 min. Then, the lysis was centri-
fuged for 15 min at 12,000 r/min at 4°C, and the super-
natant was collected. After SDS-PAGE, the proteins were 
transferred to PVDF membranes (Merck Millipore, 
Billerica, MA, USA) and afterwards the membranes were 
blocked with 5% skimmed milk. Then, the membranes 
were incubated at 4°C overnight with primary antibodies 
anti-Bcl-2, Bax, MMP11 and β-actin. After washing the 
membranes with TBST, they were incubated with HRP- 
labeled secondary antibodies for 1 h at room temperature. 
Subsequently, equivoluminal liquid A and liquid B of the 
hypersensitive ECL chemiluminescence kit (Millipore, 
Bedford, MA, USA) was mixed and cover the PVDF 
membranes to react with antigen-antibody complex. 
Then, the protein bands were scanned. The antibodies 
used in this study included anti-MMP11 antibody 
(ab53143, 1:2000), anti-Bcl-2 antibody (ab185002, 
1:2000), anti-Bax antibody (ab32503, 1:2000) and anti-β- 
actin antibody (ab179467, 1:2000), which were all avail-
able from Abcam (Shanghai, China).

Metastasis Assays in vivo
All procedures in animal experiments were approved by 
the Animal Care and Use Committee of The First 
Affiliated Hospital of Zhengzhou University and per-
formed strictly in accordance with institutional policies 
and approved guidelines of experiment operations. 
Briefly, nude mice, 4–6 weeks old, were purchased from 
Zhengzhou University Experimental Animal Center 
(Henan, China). 2 × 106 AGS cells (suspended in 0.2 mL 
PBS) were injected into the lateral tail vein of each mouse 
(n=4 in each group). After 30 days, the mice were 

sacrificed, and their lungs were examined for tumor metas-
tases after hematoxylin and eosin staining.

Statistical Analysis
The statistical software SPSS22.0 (SPSS Inc., Chicago, IL, 
USA) was employed for the analysis of experimental data, 
and GraphPad Prism 8.0 (La Jolla, CA, USA) was utilized 
to draw the graphs. Mean ± standard deviation was the 
expression form of all data. One-way ANOVA was per-
formed for comparing the difference among 3 or more 
groups, and t-test was utilized for comparing the difference 
between two groups. P < 0.05 represented that differences 
were of statistical significance.

Results
CTBP1-AS2 Was Up-Regulated in GC 
and Related to Patients’ Poor Prognosis
At first, we found through GEPIA database that in GC 
samples of TCGA, CTBP1-AS2 was up-regulated (Figure 
1A). Subsequently, qRT-PCR was carried out to examine 
CTBP1-AS2 expression in the adjacent tissue and GC 
tissue samples of 37 patients, and consistent with the result 
of GEPIA, compared to adjacent tissues, CTBP1-AS2 
expression level in GC tissues was significantly higher 
(Figure 1B). Next, the relationship between CTBP1-AS2 
expression and pathological indicators of patients was 
analyzed, and the results demonstrated that high CTBP1- 
AS2 expression was markedly linked to the increase in 
TNM stage, larger tumor size and low degree of differ-
entiation (Figure 1C–E). In addition, Kaplan–Meier plotter 
displayed that CTBP1-AS2 expression was negatively cor-
related with the patient’s post-progression survival (Figure 
1F). These data indicate that in GC, CTBP1-AS2 was 
highly expressed and was significantly associated with 
the patient’s poor prognosis.

CTBP1-AS2 Promoted GC Cell 
Proliferation, Metastasis and Inhibited 
Apoptosis
To further decipher the biological effects of CTBP1-AS2 
in GC, we detected its expression in GC cells by qRT-PCR 
and found that in comparison to GES-1 cells, GC cell lines 
(SNU-1, NCI-N87, HGC-27 and AGS) expressed higher 
level of CTBP1-AS2; among the four GC cell lines, 
CTBP1-AS2 expression level was the highest in SNU-1 
cells and was the lowest in AGS cells (Figure 2A). 
Therefore, AGS cells were transfected with CTBP1-AS2 
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overexpression plasmids, and siRNAs targeting CTBP1- 
AS2 were transfected into SNU-1 cells. qRT-PCR showed 
that the transfection was successful; additionally, the 
knockdown effect of si-RNA#2 was more significant 
than that of si-RNA#1, so it was used in the subsequent 
experiments (Figure 2B). CCK-8 assay, EdU assay and 
flow cytometry experiments were carried out to examine 
cell proliferation and apoptosis, and it was revealed that in 
contrast to the NC group, overexpression of CTBP1-AS2 
observably promoted AGS cell proliferation and sup-
pressed apoptosis; as against the si-NC group, si-RNA#2 
significantly inhibited SNU-1 cell proliferation and facili-
tated apoptosis (Figure 2C–E). Western blot results 
showed that in the CTBP1-AS2 overexpression group, 
Bcl-2 expression was higher and Bax expression was 
lower; conversely, in the si-RNA#2 group, opposite phe-
nomena could be found (Figure 2F). Then, we used a lung 
metastasis mouse model to evaluate the potential of GC 
cells to metastasize, and it indicated that over-expression 
of CTBP1-AS2 enhanced pulmonary metastasis of AGS 
cells in vivo (Supplementary Figure 1A). Collectively, 
these results indicated that CTBP1-AS2 could promote 
GC cell proliferation, and metastasis, and inhibit 
apoptosis.

CTBP1-AS2 Regulated miR-139-3p
With LncBase Predicted v2.0, it was found that CTBP1-AS2 
had the binding site for miR-139-3p (Figure 3A). Dual- 
luciferase reporter gene assay indicated that compared to 
miR-con, miR-139-3p mimics could inhibit the luciferase 
activity of CTBP1-AS2 WT, while it did not significantly 
affect the luciferase activity of CTBP1-AS2 MUT 
(Figure 3B). To further verify the direct interaction between 
CTBP1-AS2 and miR-139-3p, RNA pull-down and Ago2- 
RIP assays were performed. RNA pull-down assay illu-
strated that Bio-CTBP1-AS2 WT greatly increased the 
enrichment of miR-139-3p compared to Bio-probe NC in 
AGS cells (Figure 3C). Additionally, RIP assay suggested 
that, endogenous CTBP1-AS2 and miR-139-3p in Ago2- 
expressed cell lines were enriched in Ago2 pellet in compar-
ison to the input control (Figure 3D). Moreover, qRT-PCR 
showed that CTBP1-AS2 overexpression could inhibit miR- 
139-3p expression, while si-RNA#2 promoted its expression 
(Figure 3E). Furthermore, miR-139-3p expression was 
down-regulated in GC tissues, and CTBP1-AS2 expression 
was in negative correlation with miR-139-3p expression 
(Figure 3F–G). To sum up, CTBP1-AS2 directly targeted 
miR-139-3p and negatively regulated its expression in GC.

Figure 1 CTBP1-AS2 was highly expressed in GC and was associated with poor prognosis of patients. (A) CTBP1-AS2 expression in GC samples was analyzed using GEPIA 
database. (B) qRT-PCR was performed for detecting CTBP1-AS2 expression in GC tissues from 37 patients. (C–E) The relationships between CTBP1-AS2 expression level 
and patient’s TNM stage (C), tumor size (D) and degree of differentiation (E). (F) Kaplan–Meier method was employed for analyzing the relationship between CTBP1-AS2 
expression and post-progression survival time of GC patients. *P < 0.05, **P < 0.01, and ***P < 0.001.
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CTBP1-AS2 Promoted GC Cell 
Proliferation and Suppressed Apoptosis 
by Adsorbing miR-139-3p
The foregoing experiments showed that CTBP1-AS2 could 
adsorb miR-139-3p, thereby inhibiting its expression. Then, 
rescue experiments were performed. CTBP1-AS2 + miR- 
139-3p mimics were transfected into AGS cells, and si- 
RNA#2 + miR-139-3p inhibitors were transfected into 
SNU-1 cells. Moreover, qRT-PCR verified the success of the 
transfection (Figure 4A and B). Subsequently, CCK-8 assay, 
EdU assay, flow cytometry and Western blot manifested that 
miR-139-3p mimics could weaken the promotional effect of 
CTBP1-AS2 on GC cell proliferation and the inhibitory effect 
of CTBP1-AS2 on GC cell apoptosis, while miR-139-3p 
inhibitors could reverse the inhibiting effect of si-RNA#2 on 

GC cell proliferation and the promotional effect of CTBP1- 
AS2 of on GC cell apoptosis (Figure 4C–F). These indicated 
that CTBP1-AS2 could promote GC cell proliferation and 
inhibit apoptosis by regulating miR-139-3p.

CTBP1-AS2 Up-Regulated MMP11 
Expression by Adsorbing miR-139-3p
It is reported that miR-139-3p targetedly regulates 
MMP11 expression.18 In addition, Kaplan–Meier plotter 
displayed that MMP11 expression was negatively corre-
lated with the patient’s survival time (Supplementary 
Figure 1B). TargetScan was utilized to predict the bind-
ing site between miR-139-3p and MMP11 (Figure 5A). 
Consistently, dual-luciferase reporter gene assay sug-
gested that the luciferase activity of the cells was 

Figure 2 CTBP1-AS2 facilitated GC cell proliferation and inhibited apoptosis. (A) qRT-PCR was utilized for detecting CTBP1-AS2 expression level in human gastric mucosal 
cell line (GES-1) and GC cell lines (SNU-1, NCI-N87, HGC-27 and AGS). (B) Transfection efficiency of CTBP1-AS2 overexpression plasmids and si-RNA#/si-RNA#2 
targeting CTBP1-AS2 was detected by qRT-PCR. (C–D) CCK-8 assay (C) and EdU assay (D) were used to detect GC cell proliferation. (E) Flow cytometry analysis was 
used to detect apoptosis of GC cells. (F) Western blot was conducted to detect the effect of CTBP1-AS2 on Bcl-2 and Bax expressions in GC cells after transfection. *P < 
0.05, **P < 0.01, and ***P < 0.001.
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significantly decreased after co-transfection of miR-139- 
3p and MMP11 WT, while there was no significant 
change in the luciferase activity of the cells after co- 
transfection of miR-139-3p and MMP11 MUT 
(Figure 5B). Subsequently, Western blot indicated that 
miR-139-3p mimics could suppress MMP11 expression, 
while miR-139-3p inhibitors promoted its expression; 
CTBP1-AS2 enhanced MMP11 expression, while 
CTBP1-AS2 knockdown inhibited its expression (Figure 
5C). In addition, miR-139-3p was negatively correlated 
with MMP11 expression in GC samples (Figure 5D); 
CTBP1-AS2 was positively correlated with MMP11 
expression in GC samples (Figure 5E). All the above- 
mentioned findings supported that CTBP1-AS2 could up- 
regulate MMP11 expression by adsorbing miR-139-3p.

Discussion
LncRNAs are involved in regulating multiple biological 
processes, and many of them are dysregulated in tumors, 
causing enhanced cell proliferation, metastasis and inhibited 
apoptosis.19 For example, lncRNA DRAIC is down- 
regulated in GC, and it can interact with UCHL5 to mediate 
NFRKB ubiquitination, in turn suppress the tumorigenesis of 
GC;20 LINC00460 is overexpressed in GC tissues, and it 
facilitate the proliferation, migration and invasion of GC 
cells by epigenetically silencing tumor suppressor 
CCNG2.9 LncRNA CTPB1-AS2 is a newly discovered 
lncRNA, and its function and mechanism in cancer biology 
is rarely investigated. A recent study reports that CTBP1- 
AS2 expression is significantly related to recurrence-free 
survival time of patients with papillary thyroid cancer, 

Figure 3 CTBP1-AS2 targetedly regulated miR-139-3p. (A) Bioinformatics analysis predicted the binding site between CTBP1-AS2 and miR-139-3p. (B) Dual-luciferase 
reporter experiment was conducted to detect the binding relationship between CTBP1-AS2 and miR-139-3p. (C–D) RNA pull-down assay and Ago2-RIP assay were used to 
verify the relationship between CTBP1-AS2 and miR-139-3p in GC cells. (E) After overexpression or knockdown of CTBP1-AS2, qRT-PCR was utilized for detecting 
miR139-3p expression in GC cells. (F–G) qRT-PCR was used for detecting miR-139-3p expression in GC tissues (F), and the correlation between the miR-139-3p and 
CTBP1-AS2 was calculated (G). ***P < 0.001.
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showing its potential to be used as a cancer-related 
biomarker.11 In this study, for the first time, we explored 
the role of CTBP1-AS2 in GC. We observed that CTBP1- 
AS2 expression was up-regulated in GC and markedly linked 
to the post-progression survival time of GC patients; high 
CTBP1-AS2 expression was also significantly associated 
with the increase in TNM stage, the increase of tumor size 
and low degree of differentiation of the tumor tissues. Further 
in vitro and in vivo experiments indicated that lncRNA 
CTBP1-AS2 could promote GC cell proliferation and metas-
tasis, and inhibit apoptosis. These results proved that 
CTBP1-AS2 exerted a tumor-promoting function in GC.

Accumulating researches illustrate that in GC, lncRNAs 
competitively decoy miRNAs via miRNA response elements 
(MREs), and this process reduces the availability of miRNAs, 
and indirectly up-regulates the level of downstream 

mRNAs.21–23 For example, the expression of lncRNA 
DDX11-AS1 is up-regulated in GC tissues, and functionally, 
DDX11-AS1 facilitates GC progression by inhibiting miR- 
873-5p expression.24 LncRNA FTX expression in GC is also 
up-regulated, and FTX can promote GC proliferation and 
invasion by adsorbing miR-144 and up-regulating ZFX;25 

conversely, as a tumor suppressor, lncRNA HAND2-AS1 
inhibits the proliferation and migration of GC cells through 
modulating miR-590-3p/KCNT2 axis.26 In this study, we ver-
ified that CTBP1-AS2 was a molecular sponge for miR-139- 
3p. Furthermore, functional experiments illustrated that 
CTBP1-AS2 promoted cell proliferation and suppressed apop-
tosis by inhibiting miR-139-3p expression.

The tumor-suppressive characteristics of miR-139-3p 
have been well described in the previous studies. Its 
target gene includes a series of oncogenes including 

Figure 4 CTBP1-AS2 promoted cell proliferation and inhibited apoptosis by adsorbing miR-139-3p. AGS cells were transfected with CTBP1-AS2 overexpression plasmids 
or CTBP1-AS2 overexpression plasmids + miR-139-3p mimics; SNU-1 cells were transfected with CTBP1-AS2 siRNA or CTBP1-AS2 siRNA + miR-139-3p inhibitors. (A) 
qRT-PCR was used for detecting miR-139-3p expression in GES-1 cells and GC cell lines. (B) qRT-PCR was utilized for detecting the expression of miR-139-3p after the co- 
transfection. (C–E) CCK-8 assay (C), EdU assay (D) and flow cytometry analysis (E) were performed for detecting the proliferation and apoptosis of SNU-1 and AGS cells 
after co-transfection. (F) Western blot was used for detecting the regulatory effects of CTBP1-AS2 and miR-139-3p on Bcl-2 and Bax expression. *P < 0.05, **P < 0.01, and 
***P < 0.001.
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ELAVL1, Bcl-6, Wnt5A, Rab1A and so on.17,27–29 Matrix 
metalloproteinase (MMPs) are zinc-dependent endopep-
tidases and key regulators of extracellular matrix (ECM) 
degradation. As a member of the MMP family, matrix 
metalloproteinase 11 (MMP11) is associated with 
embryonic tissue remodeling, ECM remodeling, epithe-
lial growth and wound healing.30 MMP11 expression in 
pancreatic cancer tissues is up-regulated, and high 
MMP11 expression is associated with the poor prognosis 
of pancreatic cancer patients.31 In papillary thyroid carci-
noma, MMP11 expression is up-regulated; besides, 
MMP11 promotes colony formation and metastasis of 
cancer cells and is negatively regulated by miR-125a- 
3p.32 In GC, cancer-associated fibroblasts (CAFs) are 
the primary components of tumor stroma, and MMP11 
is highly expressed in gastric CAFs, which is negatively 
regulated by miR-139-3p.18 Another study reports that in 
bladder cancer, miR-139-3p can significantly inhibit 
migration and invasion of cancer cells via repressing 
MMP11.33 In this work, consistently, we proved that 
miR-139-3p could suppress the expression of MMP11 
via targeting it, and CTBP1-AS2 could positively regu-
late MMP11, probably via its regulation on miR-139-3p. 
These demonstrations partly explained the mechanism by 

which CTBP1-AS1/miR-139-3p participated in GC 
progression.

Altogether, this study shows that CTBP1-AS2 can pro-
mote GC cell proliferation, metastasis and inhibit apopto-
sis through targeted regulation of the miR-139-3p/MMP11 
molecular axis, and high CTBP1-AS2 expression is sig-
nificantly associated with poor prognosis of patients. 
Therefore, CTBP1-AS2 can serve as a promising thera-
peutic target and biomarkers for GC.
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