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Low expression of IncRNA NBAT-1 promotes gastric cancer
development and is associated with poor prognosis
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Summary

Purpose: This study aimed to investigate the requlatory ef-
fect of long non-coding RNA (IncRNA) NBAT-1 (neuroblas-
toma associated transcript 1) on the development and prog-
nosis of gastric cancer (GC), and its underlying mechanism.

Methods: NBAT-1 expression in GC tissues, paracancerous
tissues and normal gastric tissues was detected by quanti-
tative real-time polymerase chain reaction (qRT-PCR). We
also detected NBAT-1 expression in GC cell lines. Correlation
between NBAT-1 expression and TNM stage was analyzed.
Overexpression plasmid of NBAT-1 was transfected into
SGC-7901 and MGC-823 cells, followed by detection of pro-
liferation and cell cycle by CCK-8 (cell counting kit-8) assay
and flow cytometry. NBAT-1 localization in GC cells was
accessed by chromatin fractionation. Finally, PTEN expres-
sion in GC cells overexpressing NBAT-1 was determined by
Western blot analysis.

Introduction

Gastric cancer (GC) is one of the malignant tu-
mors of the digestive system that endangers hu-
man life. GC is highly prevalent in East Asia, West
Asia and Latin America [1]. At present, the diagno-
sis of GC is generally based on clinical symptoms
combined with related examinations, including en-
doscopy, X-ray barium meal, B-ultrasound, CT, MRI
and exfoliative cytology. However, these methods
have certain flaws that prevent the early diagno-
sis of GC [2,3]. Specific and sensitive indicators for
the early screening of GC are still lacking. As a
result, most GC patients are already in middle to

Results: NBAT-1 and PTEN were lowly expressed in GC
tissues compared with paracancerous tissues and normal
gastric tissues. GC patients with stage III-1V presented lower
expression of NBAT-1 than those with stage I-II. Besides,
lower expression of NBAT-1 was found in GC patients with
N2-N3 compared with those with NO-N1. NBAT-1 expres-
sion was not correlated with TNM stage and distant metas-
tasis in GC patients. Upregulation of NBAT-1 in GC cells
inhibited proliferation and arrested cell cycle. Chromatin
fractionation results indicated that NBAT-1 was mainly
localized in the cytoplasm of SGC-7901 and MGC-823 cells.
NBAT-1 overexpression remarkably uprequlated PTEN ex-
pression in GC cells.

Conclusions: Low expression of NBAT-1 promotes GC de-
velopment by downregulating PTEN expression
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late stages at the time of diagnosis. Moreover, the
therapeutic efficacy in GC is unsatisfactory, which
brings great difficulties to the clinical treatment
of GC. Hence, it is of great significance to fully
elucidate the pathogenesis of GC, so as to improve
the efficacy of early prevention and diagnosis.
Recently, with the rapid development of se-
quencing technologies, multiple long non-coding
RNAS (IncRNAs) and their biological functions
have been identified [4]. LncRNAs exert different
regulatory effects. It has been shown that IncRNAs
could regulate gene transcription and translation,
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cell differentiation and growth, genetic and epige-
netic variation [5,6]. At present, IncRNAs have been
confirmed to be differentially expressed in various
tumors, such as breast cancer, bladder cancer, mel-
anoma, liver cancer and colorectal cancer, which
exert a key regulatory role in tumorigenesis [7-11].
GC-related IncRNAs have been well studied. For
example, H19/miR-675 promotes the proliferation
and inhibits the apoptosis of GC cells by downregu-
lating the RUNX1 expression [12]. The abnormal
expression of HOTAIR is associated with tumor
stage, peritoneal metastasis, nodal metastasis, vas-
cular invasion, and prognosis of GC patients [13].
The overexpression of HOTAIR promotes the pro-
liferation, migration and invasion of GC cells [14].
ANRIL can inhibit miR-99a/miR-44a by recruiting
the PRC2 complex, thereby affecting the prolifera-
tion of GC cells through activating the mTOR and
CDKG6/E2F1 pathways [15].

Neuroblastoma associated transcript 1 (NBAT-
1) is a tumor suppressor gene identified in neu-
roblastoma. NBAT-1 is lowly expressed in neu-
roblastoma and is associated with the prognosis
of neuroblastoma patients. Functionally, NBAT-1
inhibits the proliferation, invasion and differentia-
tion of neuroblasts [16]. Subsequent studies have
found that NBAT-1 is also lowly expressed in breast
cancer and renal cell carcinoma, which serves as a
prognostic indicator [17,18]. At present, the specific
role of NBAT-1 in GC has not been reported yet.
This study aims to discuss the regulatory effect of
NBAT-1 on the pathogenesis of GC.

Methods

Sample collection

45 pairs of GC tissues and paracancerous tissues,
as well as 23 cases of normal gastric tissues were col-
lected in The Third Affiliated Hospital of Soochow Uni-
versity from May 2016 to May 2017. The tissues were
preserved in liquid nitrogen. All of the enrolled patients
were pathologically diagnosed with GC. Informed con-
sent was signed before the study. The Ethics Committee
of the Third Affiliated Hospital of Soochow University
approved this study.

Cell culture and transfection

Gastric mucosal cell line (GES-1) and GC cell lines
(SGC-7901, BGC-823 and MG(C-803) were obtained from
the ATCC (American Type Culture Collection) (Manas-
sas, VA, USA). The cells were cultured in RPMI-1640
(Roswell Park Memorial Institute 1640) containing 10%
FBS (fetal bovine serum), 100 U/mL penicillin and 100
pg/mL streptomycin (Hyclone, South Logan, UT, USA).
The cells were incubated in a 5% CO, incubator at 37°C.
Cell passage was performed using trypsin until reaching
a confluence of 80-90%.

The cells were transfected with corresponding plas-
mids following the instructions for Lipofectamine 2000
(Invitrogen, Carlsbad, CA, USA). The culture medium
was replaced 4 hrs later. The transfection plasmids were
constructed by GenePharma, Shanghai, China.

RNA extraction and quantitative real-time polymerase chain
reaction (qRT-PCR)

Total RNA in treated cells was extracted using the
TRIzol method (Invitrogen, Carlsbad, CA, USA) for re-
verse transcription according to the instructions for the
PrimeScript RT reagent Kit (TaKaRa, Tokyo, Japan). The
RNA concentration was detected using a spectrometer
and those samples with A260/A280 ratio of 1.8-2.0 were
selected for the following qRT-PCR reaction. QRT-PCR
was then performed based on the instructions for SYBR
Premix Ex Taqg TM (TaKaRa, Tokyo, Japan). The relative
gene expression was calculated using the 2-2¢t method.
The primers used in the study were as follows: NBAT-1
F: 5-GGAAAGCCTGTGCTCTTGGA-3’, R: 5’-TCACAGT-
GCTGCTCAATCGT-3’; PTEN F: 5-ACCAGGACCAGAG-
GAAACCT-3’, R: 5’-GCTAGCCTCTGGATTTGACG-3".

CCK-8 (cell counting kit-8) assay

GC cells were seeded into 96-well plates at a density
of 2x103/ml. Ten pl of CCK-8 solution (cell counting kit-
8, Dojindo, Kumamoto, Japan) were added in each well.
Four hrs later, fresh medium was added and the cells
were incubated for 1 hr. The absorbance at 450 nm of
each sample was measured by a microplate reader (Bio-
Rad, Hercules, CA, USA).

Cell cycle detection

GC cells were diluted to 1x105mL and fixed with
75% ethanol at -4°C overnight. After double PBS (phos-
phate buffered saline) wash, the cells were incubated
with 100 pL of RNaseA at 37°C in a water bath in the
dark. Subsequently, the cells were incubated with 400 pL.
of PI at 4°C in the dark. Thirty min later, cell cycle was
detected using flow cytometry at 488 nm wavelength.

Chromatin fractionation

The cells were fully lysed in RLA, incubated on ice
for 20 min and centrifuged at 3000 r/min for 15 min.
The supernatant contained cytoplasmic proteins. The
precipitant was washed with RLA three times and lysed
with RIPA (radioimmunoprecipitation assay) (Beyotime,
Shanghai, China) for incubation on ice for a total of 20
min. The mixture underwent vortex oscillation every
5 min for 30 s. Finally, the mixture was centrifuged at
12500 rpm/min for 15 min and the supernatant con-
tained nuclear proteins.

Western blot

The cells were lysed for protein extraction. The con-
centration of each protein sample was determined by a
BCA (bicinchoninic acid) kit (Abcam, Cambridge, MA,
USA). The protein sample was separated by gel elec-
trophoresis and transferred to PVDF (polyvinylidene
fluoride) membranes (Millipore, Billerica, MA, USA).
After incubation with primary and secondary antibodies,
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the immunoreactive bands were exposed by enhanced
chemiluminescence method.

Statistics

SPSS 19.0 statistical software (IBM, Armonk, NY,
USA) was used for data analysis. The data were expressed
as mean+standard deviation (x+s). The correlation coef-
ficient (r) was calculated by Pearson correlation analysis.
Measurement data were compared using the t-test. A
statistically significant difference was considered when
p<0.05.

Results

NBAT-1 was lowly expressed in GC

We detected the NBAT-1 expression in 45 pairs
of GC tissues and paracancerous tissues by qRT-
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PCR. The data showed that NBAT-1 WAS lowly
expressed in GC tissues compared to paracancer-
ous tissues (Figure 1A). Meanwhile, we detected
the NBAT-1 expression in 23 cases of normal gas-
tric tissues. Similarly, the NBAT-1 expression was
lower in GC tissues than in normal gastric tissues
(Figure 1B). The clinical data of the enrolled GC
patients were collected for correlation analyses. We
found that GC patients with stage III-IV presented
A lower expression of NBAT-1 than those with
stage I-II (Figure 1C). Besides, A lower expression
of NBAT-1 was found in GC patients with N2-N3
disease compared with those with NO-N1 (Figure
1D). However, the NBAT-1 expression was not cor-
related with TNM stage and distant metastasis in
GC patients (Figure 1E and 1F). It was concluded
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Figure 1. NBAT-1 was lowly expressed in GC. (A) NBAT-1 WAS lowly expressed in GC tissues compared to paracancer-
ous tissues. (B) NBAT-1 expression was lower in GC tissues than in normal gastric tissues. (C) GC patients with stage
III-IV presented lower expression of NBAT-1 than those with stage I-II. (D) NBAT-1 expression was lower in GC patients
with N2-N3 compared with those with NO-N1. (E,F) NBAT-1 expression was not correlated with TNM stage and distant
metastasis in GC patients. NS: non significant. **p<0.01, ***p<0.001.
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that A low expression of NBAT-1 was related to
poor prognosis in GC.

NBAT-1 inhibited the proliferation of GC cells

QRT-PCR was performed to detect the NBAT-1
expression in gastric mucosal cell line (GES-1) and
GC cell lines (SGC-7901, BGC-823 and MGC-803).
NBAT-1 was lowly expressed in GC cells compared
to gastric mucosal cells (Figure 2A). SGC-7901
and MGC-823 cells were selected for the follow-
ing experiments since they had a relatively low
expression of NBAT-1. The overexpression plas-
mid of NBAT-1 was transfected into SGC-7901 and
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MGC-823 cells, and the NBAT-1 expression was
remarkably upregulated (Figure 2B). CCK-8 assay
elucidated that the NBAT-1 overexpression inhib-
ited the proliferative capacities of SGC-7901 and
MGC-823 cells (Figure 2C). Moreover, the NBAT-1
overexpression arrested the cell cycle of GC cells
(Figure 2D).

NBAT-1 downrequlated the PTEN expression

Chromatin fractionation results indicated that
NBAT-1 was mainly localized in the cytoplasm of
SGC-7901 and MGC-823 cells (Figure 3A). Subse-
quently, qRT-PCR data indicated that the PTEN
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Figure 2. NBAT-1 inhibited the proliferation of GC cells. (A) NBAT-1 was lowly expressed in GC cells compared to gas-
tric mucosal cells. (B) Transfection of overexpression plasmid of NBAT-1 in SGC-7901 and MGC-823 cells remarkably
upregulated the NBAT-1 expression. (C) CCK-8 assay elucidated that NBAT-1 overexpression inhibited the proliferative
capacities of SGC-7901 and MGC-823 cells. (D) NBAT-1 overexpression arrested the cell cycle of GC cells. NC: normal

control plasmid of NBAT-1. **p<0.01, ***p<0.001.
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expression was lower in GC tissues than in par-
acancerous tissues (Figure 3B). Correlation analy-
ses pointed out the positive correlation between
the NBAT-1 expression and the PTEN expression
in GC cells (Figure 3C). Western blot further veri-
fied that the NBAT-1 overexpression upregulated
the protein expression of PTEN (Figure 3D). It
was indicated that the expression of NBAT-1 pro-
moted GC development by upregulating the PTEN
expression.

Discussion

The occurrence and development of GC is a
multi-factor and multi-stage process. Environmen-
tal or genetic risk factors lead to the dysregulation
of relative genes in GC pathogenesis [19,20]. Envi-
ronmental risk factors mainly include infectious
factors, dietary factors, occupational exposure,
smoking, and drinking. Helicobacter pylori infec-
tion is a definite risk factor for GC [21,22]. With
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advances in research, the diagnostic and prognos-
tic values of IncRNAs have been well recognized.
Since some IncRNAs are differentially expressed
in GC with tissue-specific characteristics and can
be detected in body fluids, they may be potential
diagnostic markers for GC. For example, the high
expression of HOTAIR is not only an independent
prognostic indicator of GC, but also a risk factor for
tumor metastasis [23].

PTEN is a homolog of protein tyrosine phos-
phatase, which is located in the human chromo-
some 10g23 region and serves as a tumor suppres-
sor gene in many types of tumors [24]. PTEN can
inhibit tumor growth by regulating the apoptosis,
proliferation, migration and invasion of tumor cells
[25,20]. Recent studies have shown that the upreg-
ulation of PTEN increases caspase-3 expression,
thereby inhibiting the apoptosis of tumor cells [27].
Studies have shown that PTEN is lowly expressed
in GC and closely related to tumor size and lymph
node metastasis. On the contrary, PI3K, AKT, p-AKT
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Figure 3. NBAT-1 downregulated PTEN expression. (A) Chromatin fractionation results indicated that NBAT-1 was
mainly localized in the cytoplasm of SGC-7901 and MGC-823 cells. (B) QRT-PCR data indicated that PTEN expression
was lower in GC tissues than in paracancerous tissues. (C) Correlation analyses pointed out the positive correlation
between NBAT-1 expression and PTEN expression. (D) Western blot verified that NBAT-1 overexpression upregulated

the protein expression of PTEN. **p<0.01.
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and p-mTOR are highly expressed in GC, indicating
the activated PI3K/AKT/mTOR pathway in GC [28].
Chen et al. detected the PTEN expression in Asian
GC patients by immunohistochemistry and they
found that the PTEN expression is correlated with
tumor size, differentiation, stage, invasion, lymph
node metastasis, distant metastasis and vascular
invasion. Their results suggested that the immu-
nohistochemical detection of PTEN can predict GC
invasion and metastasis [29].

In this study, we found that, compared with
paracancerous tissues and normal gastric tissues,
the expression level of NBAT-1 significantly de-
creased in GC tissues. The NBAT-1 expression was
negatively correlated with tumor stage and lymph
node metastasis in GC patients. NBAT-1 was lowly
expressed in GC cells as well. After the ovexpres-
sion of NBAT-1 in GC cells, cell proliferation was
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