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Background: Mounting evidence show that long non-coding RNAs (IncRNAs) play critical
roles in the progression of various human cancers, including gastric cancer (GC), a common
gastrointestinal tumor. In this study, the biological functions of IncRNA TMPO-ASI in GC
were studied.

Methods: TMPO-AS1 and miR-140-5p expression levels were detected in GC tissues and
cell lines by RT-qPCR analysis. Knockdown or overexpression of TMPO-AS1 was con-
ducted to evaluate the effects of TMPO-AS1 on the malignant behaviors of GC cells.
Bioinformatic prediction and dual-luciferase reporter assay were performed to investigate
the direct interaction between TMPO-AS1 and miR-140-5p in GC.

Results: We observed that TMPO-AS1 was up-regulated in GC tissues, and high TMPO-
AS1 expression in GC patients was closely correlated with aggressive clinicopathologic
characteristics and poor overall survival. Functionally, gain- and loss-of-function studies
showed that TMPO-AS1 overexpression enhanced the proliferation, migration, invasion and
EMT of GC cells in vitro, whereas knockdown of TMPO-ASI inhibited these malignant
traits. Importantly, we demonstrated that TMPO-AS1 could function as a competing endo-
genous RNA (ceRNA) by sponging miR-140-5p in GC cells, thereby diminishing the
inhibition on SOX4, an EMT regulator.

Conclusion: Our findings indicated that TMPO-AS1 promotes GC progression partly by
regulating miR-140-5p/SOX4 axis, and may serve as a novel therapeutic target for GC.
Keywords: gastric cancer, long non-coding RNA TMPO-AS1, miR-140-5p, SOX4, EMT

Introduction

Gastric cancer (GC) is one of the most prevailing malignant tumors of the digestive
tract worldwide. At present, surgical resection and chemoradiotherapy are the main
therapeutic methods for GC;' however, the 5-year survival rate of patients with
advanced or metastatic GC is still less than 30%.> Accordingly, identification of
potential biomarkers and understanding of detailed mechanisms underlying GC is
of critical importance for therapeutic benefits.

Long non-coding RNAs (IncRNAs), a large group of non-protein coding RNA
transcripts with more than 200 nucleotides in length, regulate a variety of cellular
processes.” In recent years, IncRNAs are attracting great attention due to their
frequent involvement in cancer biology. Among many cancer-related IncRNAs,
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TMPO antisense transcript 1 (TMPO-AS1) was currently
identified as an oncogene in many human cancers, includ-
ing prostate cancer, non-small cell lung cancer and cervi-
cal cancer.”’ In this study, we aimed to investigate the
potential regulatory functions of TMPO-ASI in GC and to
further elucidate the underlying mechanisms.

Materials and Methods

Patients and Tissue Samples

One hundred and five pairs of tumor tissues and adja-
cent normal stomach mucosa tissues (from the margin of
tumor tissues >6 cm) were collected from GC patients
who underwent radical gastrectomy at Second Hospital
of Shanxi Medical University (Taiyuan City, China).
The clinicopathologic characteristics of the patients are
presented in Table 1. All patients did not receive radio-
therapy and chemotherapy before surgery. The speci-
mens were frozen and stored at —80°C for further use.

Table | Correlation Between the Clinicopathologic Characteristics
and TMPO-AS| Expression in GC

This study was approved by the Ethics Committee of
Second Hospital of Shanxi Medical University in accor-
dance with the Helsinki Declaration. All subjects were
informed of the study and signed consent forms before

surgery.

Cell Culture and Transfection
Four GC cell lines (HGC-27, SGC-7901, BGC-823 and
AGS) and one normal human gastric mucosa cell line
GES-1 were obtained from the Cell Bank of Chinese
Academy of Sciences (Shanghai, China). These cell lines
were cultured in RPMI-1640 medium (Invitrogen, Carlsbad,
CA, USA) supplemented with 10% fetal bovine serum (FBS;
HyClone, Logan, UT, USA) and 1% penicillin-streptomycin
at 37°C in a humidified atmosphere containing 5% CO,.
si-TMPO-AS1, pcDNA3.1-TMPO-AS1, miR-140-5p
mimics, the scrambled oligonucleotides (NC) and empty
pcDNA3.1 vector were obtained from Shanghai GenePharma
Co., Ltd. (Shanghai, China). To perform transfection, cells
70-80% Then,
Lipofectamine 3000 Transfection Reagent (Invitrogen) was

were cultured to about confluence.
used. After 48 h, the transfection efficiency was validated by
RT-qPCR analysis.

RNA Extraction and RT-qPCR Analysis

Total RNA was extracted from cells or tissue specimens
using TRIzol reagent (Invitrogen), and then reverse-
transcribed into cDNA by the PrimeScript RT reagent Kit
(TaKaRa, Dalian, China). PCR amplifications were per-
formed using a SYBR Green PCR Kit (TaKaRa) on an
ABI PRISM 7300 Sequence Detection system (Applied
Biosystems, Foster City, CA, USA). Quantification of
IncRNA and miRNA was performed by using pAAct
method.® We used GAPDH or U6 snRNA as an internal

reference.

Protein Extraction and Western Blot

Analysis

Cells were lysed in RIPA lysis buffer (Beyotime,
Shanghai, China). Proteins were separated by SDS-PAGE
and transferred electrophoretically onto PVDF membranes
(Millipore, Billerica, MA, USA). Next, the membrane was
blocked in 5% non-fat milk at room temperature for 2 h,
and then incubated with the primary antibodies at 4°C
overnight, followed by the secondary antibody for 1 h at
37°C. Finally, the blots were detected by the Immobilon
ECL substrate kit (Millipore). GAPDH was utilized as an
internal control.

Characteristics | Total TMPO-ASI P value
Number Expression
=105
(n=105) High | Low
(n=50) | (n=55)
Age (years) 0.338
<60 45 19 26
260 60 31 29
Gender 0.557
Male 62 31 31
Female 43 19 24
Tumor size (cm) 0.046
<5 67 27 40
25 38 23 15
Location 0.425
Cardia+body 63 28 35
Pylorus 42 22 20
Lymph node 0.199
invasion
No 51 21 30
Yes 54 29 25
Differentiation 0.235
Well+Moderate | 65 28 37
Poor 40 22 18
TNM stage 0.009
11l 58 21 37
-1v 47 29 18
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MTT Assay

Cells were seeded into 96-well plates at a density of
3000 cells/well. MTT (20 pL; Sigma-Aldrich, St. Louis,
MO, USA) was added to each well at indicated time
points, and the plates were cultured for an additional 4
h. Then, the supernatant was abandoned, and DMSO
(100 pL/well; Sigma-Aldrich) was added to each well
to dissolve the formazan crystals. The absorbance was
the of 570nm
a microplate reader (Molecular Devices, Sunnyvale,
CA, USA).

measured at wavelength using

Wound Healing Assay

Cells (5x10* cells/well) were seeded into a six-well plate.
When cells grew to confluence at 90%, an artificial wound
was created with a sterile pipette tip. Scratch photo was
taken at 0 h and 48 h by a light microscope.

Transwell Invasion Assay

Cells suspended in 200 pL serum-free medium were
added into the upper chamber of Matrigel-coated trans-
well inserts (8 um pore size; BD Biosciences, San Jose,
CA, USA). The bottom chamber was filled with 500 puL
medium containing 10% FBS as a chemoattractant.
After incubation for 48 h, the cells on the lower side
were fixed with 4% paraformaldehyde and stained with
0.1% crystal violet solution. Images were captured using
a light microscope, and cells in five random fields were
counted.

Dual-Luciferase Reporter Assay
The fragment of TMPO-AS1 or SOX4 mRNA contain-

synthesized and inserted into the psiCHECK-2 lucifer-
ase reporter vector (Promega, Madison, WI, USA). We
co-transfected miR-140-5p mimics or NC with the
reporter plasmid into HEK293T cells
Lipofectamine 3000 Transfection Reagent. After 48 h,
the cells were collected, and the luciferase activity was

using

measured with the Dual-luciferase Reporter assay sys-
tem (Promega).

Statistical Analysis

All statistical analyses were carried out using GraphPad
Prism 6.0 software (GraphPad Software, Inc., La Jolla,
CA, USA) and SPSS 18.0 software (SPSS Inc., Chicago,
IL, USA). The experimental results are presented as the
mean * standard deviation (SD). Differences between two
or more groups were compared using Student’s #-test or
one-way analysis of variance, respectively. The Kaplan—
Meier method was used to depict the overall survival (OS)
curves, and the difference between groups was estimated
using the log-rank test. P<0.05 was considered to be
statistically significant.

Results
TMPO-ASI |Is Upregulated in GC Tissues

and Predicts a Poor Prognosis

We collected 105 pairs of GC tissues and adjacent normal
tissues, and the results of RT-qPCR analysis showed that
TMPO-AS1 expression in GC tissues was significantly
higher than in adjacent normal tissues (Figure 1A).
According to the median TMPO-ASI1 expression, these
patients were allocated into the high expression group
(n=50) and low expression group (n=55). We noticed that

ing the predicted miR-140-5p-binding sites was a high level of TMPO-AS1 was positively correlated with
A B

[

.% 4- -+- high expression group

g * B —— |ow expression group

s =

3 % g

@ 5

< 2- o

> 204

=1 % 1 o) P=0.010

>

Hg 0 T T 1

2 0 T T 0 20 40 60

24 Normal tissues Cancer tissues

Months after operation

Figure | TMPO-ASI is upregulated in GC tissues and predicts a poor prognosis. (A) The expression levels of TMPO-ASI in GC tissues (N=105) and adjacent normal
tissues (N=105), detected by RT-qPCR analysis. (B) Kaplan-Meier analysis of overall survival curves according to TMPO-AS| expression in GC patients of high TMPO-AS|
expression group (N=50) and low TMPO-AS| expression group (N=55). *P<0.05 versus normal tissues.
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larger tumor size (P=0.046) and advanced TNM stage TMPQO-AS| Promotes GC Cell

(P=0.009) of GC patients (Table 1). Moreover, survival Proliferation, Migration and Invasion

analysis using the Kaplan-Meier method demonstrated e 1150 found that the expression levels of TMPO-AS1
that high TMPO-ASI expression level was closely asso-  yere remarkably increased in a panel of GC cell lines
ciated with poor overall survival of GC patients (P=0.010; (HGC-27, SGC-7901, BGC-823 and AGS) compared with

Figure 1B). normal GES-1 cells (Figure 2A). AGS and HGC-27 cells
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Figure 2 TMPO-AS| promotes GC cell proliferation, migration and invasion. (A) The expression levels of TMPO-ASI in GC cell lines and normal GES-I cells. (B) The
expression levels of TMPO-ASI in AGS and HGC-27 cells after transfection. (C) The proliferation of AGS and HGC-27 cells after transfection, detected by MTT assay. (D)
The migration of AGS and HGC-27 cells after transfection, detected by wound healing assay. (E) The invasion of AGS and HGC-27 cells after transfection, detected by
transwell invasion assay. The data were presented as the mean  SD of three independent experiments. *P<0.05 versus GES-1 cells; *P<0.05 versus NC or empty vector-
transfected cells.
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were selected for further analysis. We then carried out loss-
of-function and gain-of-function assays to evaluate the func-
tional roles of TMPO-AS1 in GC. We confirmed that
TMPO-ASI1 expression was significantly silenced by si-
TMPO-ASI in AGS cells, and TMPO-AS1 was obviously
overexpressed in HGC-27 cells by pcDNA3.1-TMPO-AS1
(Figure 2B). MTT assay showed that si-TMPO-AS1 could
suppress the proliferation of AGS cells, while the prolifera-
tion of TMPO-AS1-overexpressing HGC-27 cells was
accelerated (Figure 2C). Wound healing assay demonstrated
that the scratch wound closure in AGS cells was retarded by
TMPO-AS1 knockdown (Figure 2D), and as shown in
Figure 2E, TMPO-AS1 knockdown reduced the number of
invaded AGS cells. On the contrary, the migration and
invasion abilities of HGC-27 cells were remarkably
enhanced by TMPO-AS1 overexpression.

TMPO-AS| Activates EMT in GC Cells

The expression levels of EMT-related proteins were deter-
mined by Western blot analysis. As shown in Figure 3,
TMPO-AS1 knockdown markedly increased the expression
of the epithelial marker E-cadherin, and decreased the expres-
sion of the mesenchymal markers N-cadherin and Vimentin in
AGS cells. On the other hand, when TMPO-AS1 was over-

expressed in HGC-27 cells, we observed the opposite results.

TMPO-ASI Serves as a ceRNA by
Sponging miR-140-5p in GC

We further observed that TMPO-AS1 might possess
a complementary sequence to miR-140-5p by bioinformatics
analysis through Starbase database (http://starbase.sysu.edu.

cr/index.php) (Figure 4A). Then, dual-luciferase reporter
assay was performed to validate the prediction, and the
results showed that the luciferase activity of TMPO-ASI1-
WT was notably decreased under the cotransfection with
miR-140-5p mimics in HEK293T cells (Figure 4B). Figure
4C and D showed that miR-140-5p was significantly down-
regulated in GC tissues and cell lines. Besides, miR-140-5p
expression was negatively associated with TMPO-AS1
expression in GC tissues (r=—0.217, P=0.026; Figure 4E).
We also found that miR-140-5p expression was increased in
AGS cells after TMPO-AS1 knockdown, while was
decreased when TMPO-ASI1
HGC-27 cells (Figure 4F).

was overexpressed in

miR-140-5p Reverses the Biological

Effects of TMPO-ASI on GC Cells

We then predicted the potential target of miR-140-5p in GC.
Through Targetscan database (http://www.targetscan.org/
vert 71/), we noticed that the 3-UTR of SOX4 mRNA
contains the binding sites of miR-140-5p (Figure 5A).
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Figure 3 TMPO-ASI activates EMT in GC cells. The expression levels of EMT-related proteins in AGS and HGC-27 cells after transfection, detected by Western blot
analysis. The data were presented as the mean * SD of three independent experiments. *P<0.05 versus NC or empty vector-transfected cells.
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Figure 4 TMPO-ASI serves as a ceRNA by sponging miR-140-5p in GC. (A) Complementary sequences between TMPO-AS| and miR-140-5p. (B) Relative luciferase
activity in HEK293T cells after co-transfection. (C) The expression levels of miR-140-5p in GC tissues (N=105) and adjacent normal tissues (N=105). (D) The expression
levels of miR-140-5p in GC cell lines and normal GES-1 cells. (E) The negative correlation between TMPO-AS| and miR-140-5p expression levels in GC tissues (N=105).
(F) The expression levels of miR-140-5p in AGS and HGC-27 cells after transfection. The data were presented as the mean % SD of three independent experiments. *P<0.05
versus NC or empty vector-transfected cells; *P<0.05 versus normal tissues or GES-1 cells.

Besides, miR-140-5p mimics markedly reduced the lucifer-
ase activity of SOX4-WT but not SOX4-MUT in HEK293T
cells (Figure 5B). As shown in Figure 5C, the effects of
TMPO-AST1 on SOX4 expression and EMT in HGC-27 cells
were blocked by cotransfection with miR-140-5p mimics.
Consistently, the increased migration and invasion abilities
of TMPO-AS1-overexpressing HGC-27 cells were also
reversed by miR-140-5p restoration (Figure 5D and E).

Discussion

GC is a genetic disease involving multiple changes in the
genome, and at present, more and more IncRNAs are
demonstrated to be deregulated in GC.” For example,
Wang et al indicated that IncRNA CASC19 is associated
with the progression and prognosis of advanced GC,'

while Jiao et al reported that IncRNA MEG3 suppresses
GC cell growth, invasion and migration."" These IncRNAs
may be promising candidate diagnostic biomarkers, prog-
nostic indicators and therapeutic targets in GC.

In this study, we identified a novel GC-related IncRNA
TMPO-ASI1, which was overexpressed in GC samples and
predicted poor prognosis of GC patients. Functional
experiments further revealed that TMPO-AS1 overexpres-
sion enhanced the proliferation, migration and invasion of
GC cells in vitro, whereas TMPO-AS1 knockdown had the
opposite effects, indicating the oncogenic role of TMPO-
AS1 in GC. Metastasis is a poor prognostic factor for
cancer patients. EMT is a critical step for GC cells to
obtain migration and invasion abilities, and EMT regula-
tion can provide potential targets for GC therapy.'* This
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Figure 5 miR-140-5p reverses the biological effects of TMPO-ASI on GC cells. (A) Complementary sequences between miR-140-5p and the 3'-UTR of SOX4 mRNA.
(B) Relative luciferase activity in HEK293T cells after co-transfection. (C) The expression levels of EMT-related proteins in HGC-27 cells after transfection. (D) The
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study also verified TMPO-ASI1 as a positive regulator of
EMT in GC.

One of the popular action mechanisms of IncRNAs is to
serve as a competing endogenous RNA (ceRNA) to regulate
the expression and function of target genes by binding and
sequestering with miRNAs."* Among many miRNAs, miR-
140-5p was selected as a candidate for further analysis since

several publications have reported its tumor-suppressive role
in GC,"*'% and in this study, we confirmed that TMPO-AS1
negatively regulated miR-140-5p expression in GC cells, and
the oncogenic effects of TMPO-AS1 overexpression on GC
cells were partially reversed by miR-140-5p restoration.
MiRNAs exert their functions by negative regulation of

their target genes,'” and this study further showed that
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miR-140-5p directly targets SOX4, a master mediator of
EMT in GC cells.'®"”

In conclusion, this study, for the first time, verified the
oncogenic role of TMPO-AS1 in GC. We confirm that
TMPO-AS1 promotes GC progression partly by acting as
a ceRNA to sponge miR-140-5p, thereby inducing SOX4-
mediated EMT. We believe that TMPO-AS1 may serve as
a novel therapeutic target for GC.
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