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IncRNA GAS8-AS1 regulates cancer cell proliferation and
predicts poor survival of patients with gastric cancer
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Abstract. Long non-coding (Inc)RNAs have been recognized
as important regulators in gastric cancer. IncRNA GASS8-AS1
is considered a tumor suppressor in multiple types of
cancer, such as papillary thyroid carcinoma, ovarian
cancer and colorectal cancer. However, the specific role of
GASS8-ASI1 in gastric cancer remains to be fully elucidated.
The aim of the present study was to investigate the role of
GAS8-ASI in gastric cancer and its potential underlying
mechanisms of action. The expression levels of GAS8-ASI,
microRNA (miR)-21-3p, PTEN and pyruvate dehydroge-
nase (E1) alpha subunit gene (PDHALI) in gastric cancer and
non-cancerous tissues, as well as in gastric cancer cell lines,
were detected using reverse transcription-quantitative PCR.
Cell proliferation was detected by using a Cell Counting
Kit-8 assay. Cell migration and invasion were detected using a
Transwell assay. Results of the present study demonstrated that
the expression levels of GAS8-ASI in gastric cancer tissues
were significantly decreased, whereas its expression did not
differ among cancer tissues at different clinical stages. Low
expression levels of GAS8-AS1 predicted poor 5-year survival
rates for 70 patients with gastric adenocarcinoma from the
Affiliated Hospital of Xuzhou Medical University (Xuzhou,
China) during patient follow-up. In addition, the expression
levels of miR-21-3p were markedly increased in cancer tissues,
and miR-21-3p expression was negatively associated with
the expression of GAS8-ASI. The direct interaction between
GASS8-AS1 and miR-21-3p was predicted using the starBase
database and was confirmed by using an RNA pull-down
assay. In gastric cell lines, the overexpression of GAS8-AS1
reduced the expression levels of mature miR-21-3p but did
not affect the expression of miR-21-3p precursor, while
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the overexpression of miR-21-3p did not, in turn, affect the
expression of GAS8-ASI. In addition, the overexpression
of GAS8-ASI inhibited cancer cell proliferation, while the
overexpression of miR-21-3p promoted cancer cell prolifera-
tion and attenuated the effects of GAS8-ASI. Overexpression
of miR-21-3p promoted cancer cell migration and invasion,
whereas overexpression of GAS8-ASI did not affect cell
migration or invasion. In summary, results of the present study
have demonstrated that GAS8-ASI1 acts as a tumor suppressor
in gastric cancer, and it may inhibit cancer cell proliferation by
downregulating miR-21-3p.

Introduction

Gastric cancer is a frequently diagnosed cancer worldwide,
with the highest incidence rates in regions such as Central and
South America, Eastern Europe and East Asia (1). Early-stage
gastric cancer is radically treated with surgery; however, effec-
tive therapies for advanced gastric cancer are still lacking (2). A
considerable number of tumor suppressors and oncogenes have
been identified as critical players in gastric cancer. For instance,
microRNA-223 (miRNA/miR-223) and long non-coding
RNA (IncRNA) UCAL1 have been found to have oncogenic
roles in gastric cancer (3,4), while miR-4317 and IncRNA
MEGS3 display anticancer functions in gastric cancer (5,0).
However, the pathogenesis of this disease remains to be fully
elucidated (7), leading to difficulties in clinical treatment.

The functions of IncRNAs, which are >200 nucleotides
in length, in cancer occurrence and progression, such as
carcinogenesis, metastasis and chemoresistance have recently
been investigated (8). In effect, regulation of the expression
of specific IncRNAs has demonstrated potential in cancer
treatment and prevention (9,10). Various IncRNAs have been
characterized as critical regulators in gastric cancer. For
example, IncRNA HI19, UCA1 and HOXA11-AS have been
found to enhance the carcinogenesis and metastasis of gastric
cancer (4,11,12), while IncRNA MEG3 and MIR22HG have
been found to inhibit gastric cancer progression (6,13). Recent
studies have reported that IncRNA GAS8-ASI (chromo-
some 16) is a tumor suppressor in multiple types of cancer.
For example, GAS8-AS1 has demonstrated inhibitory effects
during cell proliferation in papillary thyroid carcinoma (14),
cancer cell migration and invasion in osteosarcoma (15), and
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cancer cell proliferation in glioblastoma (16). Mechanistically,
GASB8-AS1 may function by regulating downstream miRNAs
and target genes, such as the miR-187-3p/autophagy protein 5
axis and the miR-135b-5p/G1/S-specific cycin-D2 axis (14,17).
However, the role of GAS8-ASI in gastric cancer remains to
be fully elucidated.

miR-21-3p has been identified as an oncogenic miRNA and
is frequently upregulated in a variety of malignancies such as
colorectal and breast cancer, with roles in multiple processes of
cancer development, such as cancer cell proliferation, migra-
tion and invasion (18,19). Previous studies have revealed that
miR-21-3p plays a pivotal role in the pathogenesis and progres-
sion of gastric cancer (20,21). Therefore, the present study
aimed to investigate the role of GAS8-ASI in gastric cancer
and determine whether its effects are mediated by regulating
miR-21-3p. A total of 70 patients with gastric adenocarcinoma
were involved in the study. GAS8-AS1 and miR-21-3p levels in
cancer and non-cancerous tissues were detected, and a survival
analysis was performed. In gastric cell lines, RNA pull-down
and reverse transcription-quantitative (RT-q)PCR assays were
performed to explore the interaction between GAS8-AS1
and miR-21-3p. Finally, CCK-8 and Transwell assays were
performed to assess the effects of GAS8-ASI1 and miR-21-3p
on cell proliferation, migration and invasion.

Materials and methods

Patients. The present study included 70 patients with
gastric adenocarcinoma (40 male and 30 female patients;
age, 48.4+7.1 years; range, 30-66 years) selected from
168 patients who were admitted at the Affiliated Hospital
of Xuzhou Medical University (Xuzhou, China) between
March 2010 and March 2013.

The inclusion criteria were as follows: i) First-time diag-
nosis; ii) no previous history of cancer; and iii) completed
5-year follow-up after admission. The exclusion criteria were
as follows: i) Diagnosis of other clinical conditions; and
ii) patients who failed to complete the 5-year follow-up. There
were 12, 18, 22 and 18 cases with American Joint Committee
on Cancer clinical stage I, IT, ITl and IV, respectively (22). These
70 patients included 43 cases of high-grade (poorly differenti-
ated) and 27 cases of low-grade (highly differentiated) cancer.

All the patients provided written informed consent before
involved in the present study. The present study was approved
by the Ethics Committee of the Affiliated Hospital of Xuzhou
Medical University prior to patient admission (approval
no. XZNU-2010-032).

Tissues and cells. Gastric cancer and non-cancerous adja-
cent tissues were collected through gastric biopsies. SNU-1
and AGS (American Type Culture Collection) gastric cancer
cell lines and a normal gastric cell line Hs 738.St/Int (American
Type Culture Collection) were used. The cells were
authenticated using the STR method and mycoplasma contam-
ination was excluded using the MycAway™ -Color One-Step
Mycoplasma Detection kit (cat. no. 40611ES25; Shanghai
Yeasen Biotechnology Co., Ltd.). Cells were cultivated in
90% RPMI-1640 medium (Invitrogen; Thermo Fischer
Scientific, Inc.) supplemented with 10% FBS (Thermo Fisher
Scientific, Inc.) at 37°C for 72 h before the experiments.

Follow-up. From the day of admission, all 70 patients were
followed up monthly using telephone communication for
5 years to record survival rates.

RT-qPCR. Total RNA from the cancer and non-cancerous
adjacent tissues, as well as from the SNU-1, AGS and Hs 738.
St/Int cell lines, was extracted using RNAzol® reagent
(Sigma-Aldrich; Merck KGaA). Total RNA was reverse
transcribed using SuperScript” IV First-Strand Synthesis
System (Invitrogen; Thermo Fisher Scientific, Inc.) to
synthesize cDNA according to the manufacturer's protocol.
PowerUp™ SYBR™ Green Master Mix (Applied Biosystems;
Thermo Fisher Scientific, Inc.) was used for the preparation
of qPCR reactions. The expression levels of GAS8-ASI were
determined with 18S rRNA as the endogenous control. To
measure the expression of miR-21-3p, miRNA extraction was
performed using miRNeasy kit (Qiagen, Inc.), and U6 was
used as the internal control of miR-21-3p. The All-in-One™
miRNA gRT-PCR Detection kit (GeneCopoeia, Inc.) was
used to perform RT-qPCR. The PCR thermal cycling condi-
tions were as follows: 95°C for 1 min, followed by 40 cycles
of 95°C for 15 sec, 58°C for 20 sec and a final extension
of 72°C for 45 sec. Cq values of target genes were normalized
to internal controls using the 2224 method (23). The primer
sequences are listed in Table I.

Transient transfection. Transient transfection was applied to
investigate the effects of short-term overexpression of
GASS8-AS1 and miR-21-3p on gastric cancer cell lines. The
overexpression of GAS8-AS1 and miR-21-3p was achieved by
transfecting 10 nM GAS8-ASI expression vector or miR-21-3p
mimic into in vitro cultivated cells using Lipofectamine® 2000
(Invitrogen; Thermo Fisher Scientific, Inc.) at room tempera-
ture for 24 h. Backbone pcDNA3.1 vector (Invitrogen;
Thermo Fisher Scientific, Inc.) was used to construct the
expression vector of GAS8-ASI. Negative control (NC)
miRNA (scrambled mimic; 5'-CCUUCCGAGAGAA
GAGCC-3") and miR-21-3p mimic (5-CGGGUAGCUGACC
ACAAC-3") were purchased from Invitrogen (Thermo Fisher
Scientific, Inc.). NC experiments were performed by trans-
fecting cells with 10 nM empty vector or NC miRNA.
Control (C) cells were untransfected cells. The subsequent
experiments were performed at 24 h post-transfection.

RNA pull-down assay. The interaction between GAS8-AS1 and
miR-21-3p was determined by RNA pull-down assay using the
Pierce Magnetic RNA-Protein Pull-Down kit (Thermo Fisher
Scientific, Inc.) in accordance with the manufacturer's
protocol. The desthiobiotin-labeled DNA probes targeting
back-splicing sequence of miR-21-3p and NC miRNA, named
Bio-miR-21-3p or Bio-NC, were purchased from Invitrogen;
Thermo Fisher Scientific, Inc. As aforementioned, SNU-1
cells were co-transfected with 10 nM GASS8-AS1 expression
vector and 10 nM Bio-miR-21-3p or Bio-NC at 37°C using
Lipofectamine 2000. At 48 h post-transfection, 400 p1 TRIzol®
lysis buffer (Thermo Fisher Scientific, Inc.) was prepared
and RNA pull-down was performed using 50 ul streptavidin
agarose magnetic beads (Thermo Fisher Scientific, Inc.) at
room temperature. After incubation at 4°C for 1.5 h with rota-
tion streptavidin magnetic beads were washed three times with
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Table I. Primers used for reverse transcription-quantitative PCR.

Gene name Forward, 5'-3' Reverse, 5'-3'
GASS-AS1 CAACGAGCAAACAAGAAGGA TGAGCCAAACAGACCAGTCA
PTEN AAGACCATAACCCACCACAGC CACCAGTTCGTCCCTTTCCA
185 rRNA CTACCACATCCAAGGAAGCA TTTTTCGTCACTACCTCCCCG
miR-21 GCCCGCTAGCTTATCAGACTGATG GTGCAGGGTCCGAGGT
U6 ATTGGAACGATACAGAGAAGATT GGAACGCTTCACGAATTTG
miR, microRNA.
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Figure 1. GAS8-ASI is downregulated in gastric cancer tissues, but its expression is not affected by clinical stage. Reverse transcription-quantitative PCR results
demonstrated that (A) the expression levels of GAS8-AS1 were significantly lower in cancer tissues compared with those in non-cancerous tissues, but (B) there
were no significant differences in the expression levels of GAS8-AS1 among patients at different clinical stages. "P<0.05.

the washing buffer from the Pierce Magnetic RNA-Protein
Pull-Down kit, and then incubated with 50 ul Elution buffer
at 37°C for 15 min with agitation. Afterwards, the mixture
was centrifuged at 800 x g for 15 min at 4°C. Total RNA was
extracted from pull-down samples, which was followed by
RT-qPCR, as aforementioned, to determine the expression
of GAS8-ASI.

Cell Counting Kit-8 (CCK-8) assay. Cells were seeded into
a 96-well plate (5,000 cells per well in 0.1 ml medium) and
the cells were cultured under the aforementioned conditions,
followed by cell collection every 24 h until 96 h. CCK-8
(Sigma-Aldrich; Merck KGaA) was added to reach 10% final
concentration at 4 h before cell collection. Finally, OD
values (460 nm) were measured.

Transwell assay. Cell migration and invasion were assessed by
using Transwell assays. The migration assay was performed the
same as the invasion assay but without the Matrigel precoating.
For the invasion assay, the Transwell inserts were incubated with
100 p1 Matrigel (MilliporeSigma) at 37°C for 6 h. Then, 1x10° cells
were transferred into the upper chamber with 1 ml serum-free
RPMI-1640 medium, and 1 ml RPMI-1640 medium containing
20% FBS was added into the lower chamber. After 48 h of culture
at 37°C, 0.5% crystal violet (Sigma-Aldrich; Merck KGaA)
was used to stain membranes for 20 min at room temperature.
Finally, an optical microscope (Olympus Corporation) was used
to observe the migratory cells (x200 magnification).

Statistical analysis. Each experiment was repeated three times
to calculate the mean values, and the experimental data are

presented as the mean + standard deviation. The statistical
analysis was performed in SPSS ver. 22.0 (IBM Corp.). A
paired Student's t-test was used to compare gastric cancer
and non-cancerous tissues. One-way ANOVA followed by
Tukey's post hoc test was used to compare different clinical
stages or different cell treatment groups. Survival analysis was
performed by dividing patients into low (n=38) and high (n=32)
expression levels of GAS8-AS1 (cancer tissue) groups
according to Youden's index (24). Kaplan-Meier plotter and
log-rank test were used to plot and compare survival curves.
Associations between clinical factors and the expression
levels of GAS8-ASI1 were analyzed using a 2 test. Pearson's
correlation coefficient analysis was performed to analyze the
correlation between GAS8-ASI level and miR-21-3p. StarBase
Database (http:/starbase.sysu.edu.cn/index.php) was used to
predict the potential targets of GASS-AS1. P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

GASS8-ASI is downregulated in patients with gastric cancer.
The expression levels of GAS8-AS1 in gastric cancer and
non-cancerous tissues were detected via RT-qPCR. As shown
in Fig. 1A, the expression levels of GAS8-AS1 were signifi-
cantly lower in gastric cancer tissues compared with those
in non-cancerous tissues. However, the expression levels of
GASS8-ASI in cancerous tissues at different clinical stages
revealed no significant difference (P>0.05; Fig. 1B). The y” test
revealed that the expression of GAS8-AS1 had no association
with patients' age, sex, BMI, history of drinking and smoking,
tumor grade or clinical stage (data not shown).
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Figure 2. Lower expression levels of GAS8-ASI in gastric cancer tissues predicts poor survival. (A) Patients were divided into high (n=32) and low (n=38)
GASBS8-ASI expression (cancer tissue) groups according to Youden's index. (B) Survival curve analysis demonstrated that patients with low expression levels of
GASS8-ASI in cancer tissues exhibited a significantly lower disease-specific survival rate within the 5-year follow-up.
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Figure 3. miR-21-3p is upregulated in gastric cancer tissues and its expression is inversely correlated with that of GAS8-ASI. Reverse transcription-quantitative
PCR results demonstrated that (A) miR-21-3p was upregulated in gastric cancer tissues compared with non-cancerous tissues and its expression was inversely
correlated with that of GAS8-ASI in (B) gastric cancer tissues, but not in (C) adjacent non-cancerous tissues. 'P<0.05. miR, microRNA.

Reduced expression levels of GAS8-ASI in gastric cancer
tissues predict poor survival. Patients with gastric cancer
were divided into high and low GASS8-ASI1 expression
groups according to Youden's index (Fig. 2A). Results of a
survival curve analysis demonstrated that patients with low
expression levels of GAS8-ASI exhibited a markedly lower
disease-specific survival rate within the 5-year follow-up
compared to those with high expression levels (Fig. 2B).

miR-21-3p is upregulated in gastric cancer tissues and is
inversely correlated with GAS8-AS1 expression. The expres-
sion levels of miR-21-3p in gastric cancer and non-cancerous
tissues were also detected via RT-qPCR. As is evident
in Fig. 3A (P<0.05), the expression levels of miR-21-3p in
cancer tissues were significantly higher compared with
those in adjacent non-cancerous tissues. Pearson's correla-
tion coefficient analysis demonstrated that the expression
levels of GAS8-AS1 and miR-21-3p were inversely correlated
in cancer tissues, while they exhibited no correlation in the
non-cancerous tissues (Fig. 3B and C).

Overexpression of GAS8-ASI reduces the expression levels
of miR-21-3p in gastric cancer cells. As shown in Fig. 4A,
miR-21-3p was predicted to be a potential target of GAS8-AS1
using the starBase database. The RNA pull-down assay
revealed that, compared with the Bio-NC pull-down sample,
the Bio-miR-21-3p pull-down sample exhibited significantly

higher expression levels of GAS8-AS1 (Fig. 4B; P<0.01),
confirming the direct interaction between GAS8-ASI and
miR-21-3p. In addition, SNU-1 and AGS cells were transfected
with GAS8-ASI expression vector or miR-21-3p mimic and
their corresponding controls.

As demonstrated in Fig. 5A, the expression level of
GASS8-ASI1 was significantly increased in cells transfected
with the GAS8-ASI expression vector compared with that
in cells transfected with NC (P<0.05). Overexpression of
GASS8-ASI significantly reduced the expression levels of
miR-21-3p (Fig. 5B; P<0.05) compared with the NC group,
while the overexpression of miR-21-3p did not affect the
expression of GAS8-AS1 (Fig. 5C and D; P<0.05) compared
with the NC group. In addition, SNU-1 and AGS cells were
also co-transfected with GAS8-ASI1 expression vector and
miR-21-3p mimic. The results demonstrated that the expres-
sion levels of GAS8-AS1 were significantly increased in the
co-transfected cells compared with those in the NC group,
while the expression levels of miR-21-3p in the co-transfected
cells indicated no notable changes (Fig. SE and F; P<0.05)
compared with those in the NC group. These results indicated
that GAS8-ASI directly targeted miR-21-3p and inhibited its
expression.

GASS8-ASI regulates cancer cell proliferation via miR-21-3p.
Subsequently, the effects of GAS8-ASI on the proliferation,
migration and invasion of gastric cancer cells were investigated.
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Figure 4. GAS8-ASI reduces the expression of miR-21-3p by direct interaction. (A) Predicted binding site between GAS8-ASI and miR-21-3p. (B) Bio-NC
and Bio-miR-21-3p were used to pull down GAS8-ASI, followed by RNA isolation and reverse transcription-quantitative PCR to determine the expression of
GAS8-AS1. "P<0.01. miR, microRNA; NC, negative control.
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Figure 6. GAS8-ASI regulates cancer cell proliferation through miR-21-3p. (A) Overexpression of GAS8-ASI inhibited cancer cell proliferation, while over-
expression of miR-21-3p promoted cancer cell proliferation and attenuated the effects of GAS8-ASI overexpression. In addition, overexpression of GAS8-ASI

and miR-21-3p did not affect the proliferation of normal Hs 738.St/Int cells. (B)

Overexpression of miR-21-3p promoted cancer cell migration, while overex-

pression of GAS8-ASI did not affect cell migration. (C) Overexpression of miR-21-3p promoted cancer cell invasion, while overexpression of GAS8-AS1 did
not affect cell invasion. "P<0.05. miR, microRNA; C, control; NC, negative control.

As shown in Fig. 6A, the overexpression of GAS8-ASI signifi-
cantly inhibited cancer cell proliferation, while the
overexpression of miR-21-3p inhibited cancer cell proliferation
(P<0.05). In addition, the cells transfected with GAS8-ASI1
and miR-21-3p had enhanced cell proliferation compared with
the cells transfected with the GAS8-ASI expression vector. In
addition, the overexpression of GAS8-AS1 and miR-21-3p did

not affect the proliferation of the normal Hs 738.St/Int cell
line. Furthermore, the overexpression of miR-21-3p markedly
enhanced cancer cell migration and invasion compared with the
NC group, while the overexpression of GAS8-ASI did not affect
the migration and invasion of gastric cancer cells compared
with the NC group (Figs. 6B and C, and S1; P<0.05). However,
the overexpression of GAS8-ASI partly alleviated the effect of
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miR-21-3p overexpression on cancer cell migration and invasion
compared with the cells transfected with miR-21-3p mimic.

Discussion

The survival rate of patients with gastric cancer currently
remains poor, particularly for patients at stages IIT and IV (25).
Therefore, accurate prognosis is critical for the development
of effective treatments. A considerable number of prognostic
biomarkers have been identified for gastric cancer. For
example, IncRNA MALAT] has been found to be significantly
upregulated in gastric cancer and serves as a predictor of poor
survival (26). Furthermore, IncRNA LINC-PINT was demon-
strated to be downregulated in patients with gastric cancer and
predicted poor survival (27). In the present study, downregula-
tion of GAS8-ASI in patients with gastric cancer was observed.
In addition, low expression levels of GAS8-AS1 predicted
poor survival of patients with gastric cancer compared with
high expression levels. Therefore, GAS8-AS1 may serve as a
potential prognostic marker for gastric cancer. Of note is that
no significant difference was found in the expression levels of
GAS8-AS1 among the four clinical stages.

Studies have revealed that GAS8-ASI is a tumor suppressor
in papillary thyroid carcinoma, osteosarcoma and glioblas-
toma (14-16). In the present study, it was revealed that the
overexpression of GAS8-ASI significantly inhibited gastric
cancer cell proliferation compared with the NC, suggesting an
anticancer role of GAS8-ASI in gastric cancer. To the best of
our knowledge, the present study was the first to report the role
of GAS8-ASI in gastric cancer.

miR-21-3p has been identified as a critical regulator in
gastric cancer (20). In the present study, miR-21-3p expres-
sion was markedly upregulated in the gastric cancer tissues
compared with non-cancerous tissues, and its expression was
negatively correlated with the expression of GAS8-AS1 in
gastric cancer tissues. In addition, miR-21-3p was predicted
to be a potential target of GAS8-ASI, and this interaction was
confirmed using an RNA pull-down assay. Moreover, it was
observed that GAS8-ASI inhibited the expression of miR-21-3p,
while overexpression of miR-21-3p exhibited no effect on the
expression level of GAS8-ASI. Therefore, we hypothesized
that GAS8-ASI may inhibit the expression of miR-21-3p by
directly sponging it. To the best of our knowledge, this is the
first study to report the association between GAS8-ASI and
miR-21-3p. In addition, overexpression of miR-21-3p promoted
cancer cell proliferation compared with the NC, and alleviated
GAS8-ASI1-mediated inhibition of cancer cell proliferation in
two cancer cell lines compared with that in GAS8-ASI over-
expression group. Collectively, the results of the present study
indicate that GAS8-AS1 may play a protective role in gastric
cancer by regulating miR-21-3p.

However, the present study has some limitations. Firstly,
the sample size of patients with gastric cancer was small.
Future studies will collect more samples to strengthen the
findings. In addition, in vivo experiments were not performed
in the study, but will be performed in future studies to further
confirm the role of GAS8-ASI in gastric cancer.

In conclusion, GAS8-AS1 was found to be significantly
downregulated in cancer tissues compared with non-cancerous
tissues in patients with gastric cancer, and low expression

levels of GAS8-ASI predicted poor survival. Furthermore,
the results showed that GAS8-AS1 may inhibit gastric cancer
cell proliferation by downregulating miR-21-3p. Future
experiments will focus on the detailed mechanisms by which
GASS8-ASI exerts its anticancer function in gastric cancer.
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