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This study aimed to elucidate the roles of long non-coding RNA Nuclear Paraspeckle Assembly Transcript 1 
(NEAT1) in gastric cancer. The expression of NEAT1 in gastric cancer tissues and cells was determined. NEAT1 
was then overexpressed and suppressed in BGC-823 cells in vitro to further explore the effects of NEAT1 on 
cell proliferation, migration, and invasion. In addition, the regulatory relationship among NEAT1, miR-335-5p 
and Rho Associated Coiled-Coil Containing Protein Kinase 1 (ROCK1) was investigated. LncRNA NEAT1 was 
upregulated in gastric cancer tissues and cells. Upregulated NEAT1 significantly promoted the proliferation, 
migration and invasion of BGC-823 cells, while suppression of NEAT1 exhibited contrary results. In addition, 
lncRNA NEAT1 inhibited the expression of miR-335-5p, and miR-335-5p targeted ROCK1 in BGC-823 cells. 
miR-335-5p overexpression significantly inhibited cell proliferation, migration and invasion, which was counter-
acted by ROCK1 overexpression concurrently. Our findings indicate that upregulation of NEAT1 may promote 
proliferation, migration and invasion of gastric cancer cells via targeting miR-335-5p/ROCK1 axis. NEAT1-miR-
335-5p-ROCK1 axis may be a potential therapeutic strategy for gastric cancer therapy.

1. Introduction
Gastric cancer, a heterogeneous disease, is estimated as the 
second-leading cause of cancer-related deaths (Jemal et al. 2011). 
Gastric cancer reaches an advanced stage in most patients due to 
of its asymptomatic character or nonspecific symptoms in the early 
stage (Wadhwa et al. 2013), thus resulting in poor prognosis and a 
daunting impact on global health (Carcas 2013; Gryko et al. 2014). 
Regrettably, there is still no efficacious therapeutic strategy for 
advanced gastric cancer (Lordick et al. 2013; Shi and Zhou 2010). 
Therefore, a better understanding of molecular mechanisms under-
lying gastric cancer is urgently needed.
Long non-coding RNAs (lncRNAs) are RNAs with more than 
200 nucleotides in length (Vemuganti 2013; Yin et al. 2014). 
Their dysregulation and specific roles in a diverse range of diseases, 
in particular cancers, have evoked increasing attention (Chen et al. 
2016a; Martens-Uzunova et al. 2014; Prensner et al. 2014; Shi et al. 
2013). Moreover, lncRNAs are considered as promising diagnostic 
biomarkers or therapeutic targets for a variety of cancers (Fatima et 
al. 2015; Yan et al. 2015). Recently, lncRNA Nuclear Paraspeckle 
Assembly Transcript 1 (NEAT1) was found to play an important role in 
cancer develop ment. For instance, upregulation of NEAT1 can promote 
the proliferation of esophageal squamous cell carcinoma cells (Chen et 
al. 2015). NEAT1 is also upregulated in ovarian cancer tissues, and its 
increased expression is positively correlated with disease progression 
and poor prognosis of patients with ovarian cancer (Chen et al. 2016b). 
Highly expressed NEAT1 in breast cancer is observed related to the 
tumor size and lymph node metastasis, and NEAT1 inhibition can 
result in decreased proliferation and metastasis of breast cancer cells 
(Zhang et al. 2017). Unfortunately, there is limited report about the 
emerging functional role of lncRNA NEAT1 in gastric cancer.
In the present study, we investigated whether NEAT1 was dysregu-
lated in gastric cancer tissues and cells. NEAT1 was then overex-
pressed and suppressed in BGC-823 cells in vitro to further explore 
the roles of NEAT1 in regulate cell proliferation, migration, and 
invasion. In addition, NEAT1 is found to regulate the growth, 
invasion and migration of pancreatic cancer cells though inhibiting 

miR-335-5p (Cao et al. 2016). miR-335 can suppress the migration 
and invasion of osteosarcoma cells via targeting Rho Associated 
Coiled-Coil Containing Protein Kinase 1 (ROCK1) (Yong et al. 
2013). Thus, the regulatory relationship among NEAT1, miR-
335-5p and ROCK1 was detected to elucidate the possible regula-
tory mechanism of NEAT1 in the progression of gastric cancer.

2. Investigations and results

2.1.  LncRNA NEAT1 was upregulated in gastric can-
cer and promoted gastric cancer cell proliferation, 
migration and invasion

As shown in Fig. 1A, NEAT1 expression in gastric cancer tissues 
and adjacent normal controls was investigated. NEAT1 expression 
in gastric cancer tissues was significantly higher than that in adja -
cent normal controls (P < 0.05). Moreover, we found that NEAT1 
expression was significantly increased in gastric cancer BGC-823 
cells relative to nonmalignant gastric mucosa epithelial GES-1 cells 
(P < 0.05, Fig. 1B). Thus, to further observe the effects of NEAT1 
on regulating the malignant behaviors of gastric cancer cells, GES-1 
cells were transfected with pc-NEAT1 or its blank control, while 
BGC-823 cells were transfected with si-NEAT1 or si-control. After 48 
of different transfection, NEAT1 expression in pc-NEAT1-transfected 
GES-1 cells was markedly higher than GES-1 cells transfected with 
blank control, while NEAT1 expression was obviously decreased 
in si-NEAT1-transfected BGC-823 cells compared with si-control-
transfected BGC-823 cells (P < 0.05, Fig. 1C), indicating that NEAT1 
was successfully overexpressed in GES-1 cells and suppressed in 
BGC-823 cells after transfection. Then, MTT assay was performed to 
assess cell viability of different transfected cells. The results showed 
that NEAT1 overexpression caused a significantly increase of GES-1 
cell viability after 48 and 72 h of transfection, while opposite effects 
were obtained after NEAT1 suppression in BGC-823 cells (P < 0.05, 
Fig. 1D). Moreover, the results of colony assay were in consistent with 
MTT assay that the colony forming efficiency (CEF) of pc-NEAT1-
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(Yong et al. 2013). We thus detected ROCK1 expression and the 
target relationship between ROCK1 and miR-335-5p. Expected 
results were obtained that ROCK1 expression in gastric cancer 
tissues and BGC-823 cells was significantly upregulated compared 
to adjacent normal controls and GES-1 cells, respectively 
(all P < 0.05, Figs. 3A and 3B). In addition, Targetscan tool predicted 
that miR-335-5p could target ROCK1 mRNA 3’UTR (Fig. 3C). The 
fluorescent reporter assay showed that miR-335-5p overexpression 
resulted in a significantly decrease of the relative luciferase activities 
containing the ROCK1 3’-UTR-WT (P < 0.05), but not the relative 
luciferase activities containing the ROCK1 3’-UTR-MUT (Fig. 3D). 
Therefore, GES-1 cells were transfected with miR-335-5p inhibitor 
or inhibitor control, while BGC-823 cells were transfected with miR-
335-5p mimic or mimic control. After 48 of different transfection, 
miR-335-5p expression was successfully suppressed in miR-335-5p 
inhibitor-transfected GES-1 cells and was obviously overexpressed 
in miR-335-5p mimic-transfected BGC-823 cells (P < 0.05, Fig. 3E). 
Oppositely, ROCK1 expression in miR-335-5p inhibitor-transfected 
GES-1 cells was markedly decreased compared to that of inhibitor 
control-transfected GES-1 cells, while ROCK1 expression was 
obviously increased in miR-335-5p mimic-transfected BGC-823 
cells relative to mimic control-transfected BGC-823 cells (P < 0.05, 
Fig. 3F). There data indicated that miR-335-5p could target and 
inhibits ROCK1 in gastric cancer cells.

2.4.  miR-335-5p may mediate gastric cancer cell prolifer-
ation, migration and invasion via regulating ROCK1

To further investigate whether miR-335-5p may mediate the malignant 
behaviors of gastric cancer cells via regulating ROCK1, BGC-823 
cells were transfected with miR-335-5p mimic and/or pc-ROCK1. As 

Fig. 1:  LncRNA NEAT1 was upregulated in gastric cancer and promoted gastric cancer cell proliferation, migration and invasion. A: qRT-PCR showed NEAT1 expression in 
gastric cancer tissues and adjacent normal controls. B: qRT-PCR showed NEAT1 expression in gastric cancer BGC-823 cells and nonmalignant gastric mucosa epithelial 
GES-1 cells. C: qRT-PCR showed NEAT1 expression in GES-1 cells transfected with pc-NEAT1 or its blank control and BGC-823 cells transfected with si-NEAT1 or 
si-control. D: MTT assay showed cell viability of different transfected groups. E: Colony assay showed the colony forming efficiency (CEF) of different transfected cells. 
F: Transwell assay showed the migration of different transfected cells. G: Transwell assay showed the invasion of different transfected cells. * P<0.05, ** P<0.01 and *** 
P<0.001 compared with corresponding control.

transfected GES-1 cells was significantly stronger than that of GES-1 
cells transfected with blank control, while the CEF of si-NEAT1-
transfected BGC-823 cells were lower than si-control-transfected 
BGC-823 cells (P < 0.05, Fig. 1E). Besides, Transwell assay showed 
that overexpression of NEAT1 significantly promoted the migration 
and invasion of GES-1 cells, while knockdown of NEAT1 markedly 
inhibited the migration and invasion of BGC-823 cells (P < 0.05, 
Figs. 1F and 1G). These data indicated that NEAT1 overexpression 
promoted gastric cancer cell proliferation, migration and invasion.

2.2.  LncRNA NEAT1 inhibited miR-335-5p expression in 
gastric cancer cells

It is reported that NEAT1 regulates the growth, invasion and migra-
tion of pancreatic cancer cells by inhibiting miR-335-5p (Cao et al. 
2016). This prompted us to investigate the regulatory relationship 
between NEAT1 and miR-335-5p. As shown in Figs. 2A and 2B, 
miR-335-5p expression in gastric cancer tissues and BGC-823 cells 
was significantly lower than that in adjacent normal controls and 
GES-1 cells, respectively (all P < 0.05). In addition, miR-335-5p 
expression was markedly downregulated in pc-NEAT1-transfected 
GES-1 cells relative to GES-1 cells transfected with blank control, 
while obviously up-regulated in si-NEAT1-transfected BGC-823 
cells in comparison to that in si-control-transfected BGC-823 cells 
(P < 0.05, Fig. 2C). These data indicated that lncRNA NEAT1 
might inhibit the expression of miR-335-5p in gastric cancer cells.

2.3. ROCK1 is a target of miR-335-5p
ROCK1 is found as a direct target of miR-335 to mediate the 
tumour-suppressive function of miR-335 in osteosarcoma cells 
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shown in Fig. 4A, ROCK1 expression was significantly decreased in 
the miR-335-5p mimic group compared to that of mimic control group, 
while significantly increased in miR-335-5p mimic + pc-ROCK1 
group relative to miR-335-5p mimic +blank control group (P < 0.05, 
Fig. 4A). MTT assay showed that BGC-823 cell viability and CEF 
were significantly inhibited after miR-335-5p overexpression, which 
was markedly increased after cotransfection with miR-335-5p 

mimic and pc-ROCK1 (P < 0.05, Figs. 4B and 4C). Similar effects 
were obtained in a Transwell assay that the migration and invasion 
of BGC-823 cells were significantly suppressed after miR-335-5p 
overexpression, which were markedly promoted after cotransfection 
with miR-335-5p mimic and pc-ROCK1 (P < 0.05, Figs. 4D and 4E). 
These data indicated that miR-335-5p might mediate gastric cancer 
cell proliferation, migration and invasion via regulating ROCK1.

3. Discussion
In the present study, we performed a comprehensive analysis of 
NEAT1-miR-335-5p-ROCK1 axis in the development of gastric 
cancer. The results showed that NEAT1 was upregulated in 
gastric cancer tissues and cells. Upregulated NEAT1 significantly 
promoted the proliferation, migration and invasion of BGC-823 
cells, while suppression of NEAT1 exhibited contrary results. In 
addition, lncRNA NEAT1 inhibited the expression of miR-335-5p 
and miR-335-5p overexpression significantly inhibited cell prolif-
eration, migration and invasion. Besides, ROCK1 was a target 
of miR-335-5p and effects of miR-335-5p overexpression on 
cell proliferation, migration and invasion were counteracted by 

Fig. 2:  LncRNA NEAT1 inhibited miR-335-5p expression in gastric cancer cells. A: 
qRT-PCR showed miR-335-5p expression in gastric cancer tissues and adja-
cent normal controls. B: qRT-PCR showed miR-335-5p expression in gastric 
cancer BGC-823 cells and nonmalignant gastric mucosa epithelial GES-1 
cells. C: qRT-PCR showed NEAT1 expression in GES-1 cells transfected with 
pc-NEAT1 or its blank control and BGC-823 cells transfected with si-NEAT1 
or si-control. * P<0.05 and ** P<0.01 compared with corresponding control.

Fig. 3:  miR-335-5p targeted and inhibited ROCK1 in gastric cancer cells. A: ROCK1 expression in gastric cancer tissues and adjacent normal controls. B: ROCK1 expression in 
gastric cancer BGC-823 cells and nonmalignant gastric mucosa epithelial GES-1 cells. C: Targetscan tool predicted the target sequence between miR-335-5p and ROCK1. 
D: Fluorescent reporter assay showed that the relative luciferase activities containing the ROCK1 3’-UTR-WT or ROCK1 3’-UTR-MUT after transfection with miR-335-
5p mimic or mimic control. E: miR-335-5p expression in GES-1 cells transfected with miR-335-5p inhibitor or inhibitor control, and BGC-823 cells transfected with 
miR-335-5p mimic or mimic control. F: ROCK1 expression in GES-1 cells transfected with miR-335-5p inhibitor or inhibitor control, and BGC-823 cells transfected with 
miR-335-5p mimic or mimic control. * P<0.05, ** P<0.01 and *** P<0.001 compared with corresponding control.

ROCK1 overexpression concurrently. The regulatory mechanism 
of NEAT1-miR-335-5p-ROCK1 axis is shown in Fig. 5. These 
findings imply the roles of NEAT1-miR-335-5p-ROCK1 axis in 
the development of gastric cancer and merit further discussion.
It has been reported that NEAT1 contributes to the development 
of several cancer via regulation of miRNAs and their targets: Lu 
et al. (2016) demonstrated that NEAT1 regulated epithelial to 



ORIGINAL ARTICLES

Pharmazie 73 (2018) 153

mesenchymal transition and radioresistance of nasopharyngeal 
carcinoma  cells by regulation of the miR-204/ZEB1 axis; Sun 
et al. (2016) confirmed that NEAT1 accelerated non-small cell 
lung cancer  cell growth and metastasis through modulating the 
miR-377-3p/E2F3 axis; Peng et al. (2016) reported that NEAT1 
promoted proliferation and inhibited apoptosis of laryngeal 
squamous cell cancer cells through targeting the miR-107/CDK6 
pathway. In this study, NEAT1 was upregulated in gastric cancer 
tissues and cells. Upregulated NEAT1 significantly promoted the 
proliferation, migration and invasion of BGC-823 cells. Moreover, 
NEAT1 inhibited the expression of miR-335-5p and ROCK1 was a 

target of miR-335-5p. These finding imply that the roles of NEAT1 
in gastric cancer may be mediated by miR-335-5p/ROCK1 axis.
Notably, NEAT1 is found to regulate the malignant behaviors of 
pancreatic cancer cells though inhibiting miR-335-5p (Cao et al. 
2016). miR-335-5p can suppress the proliferation and invasion of 
epithelial ovarian carcinoma cells (Wang et al. 2016). miR-335-5p 
is found to be a key regulator to mediate the tumor-promoting func-
tion of lncRNA taurine upregulated gene 1 (TUG1) in osteosarcoma 
cells via targeting ROCK1 (Yong et al. 2013). MicroRNA-335 
was also found to suppress bladder cancer cell growth, migration 
and invasion via regulating ROCK1 (Wu et al. 2016). ROCK1 is 
required for anchorage-independent growth and invasion of non-
small cell lung cancer cells (Vigil et al. 2012). In prostate and 
colorectal cancer cells, the activation of ROCK1 by RhoA can 
promote cell invasion and motility (Lin et al. 2008; Wilkinson et al. 
2005). Furthermore, Cai et al. (2015) reported that miR-144 inhib-
ited rectal cancer cell migration and proliferation through targeting 
ROCK1. Zheng et al. (2016) revealed that miR-145 could inhibit 
breast cancer cell growth and migration via targeting ROCK1. In 
this study, ROCK1 was a target of miR-335-5p and effects of miR-
335-5p overexpression on cell proliferation, migration and inva-

Fig. 5: The regulatory mechanism of NEAT1-miR-335-5p-ROCK1 axis in gastric 
cancer cells. Red nodes indicated up-regulated while blue indicated down-regulated.

Fig. 4:  miR-335-5p may mediate gastric cancer cell proliferation, migration and invasion via regulating ROCK1. BGC-823 cells were transfected with mimic control, miR-335-5p 
mimic and/or pc-ROCK1 or blank control. A: ROCK1 expression in different transfected groups. B: MTT assay showed that BGC-823 cell viability in different transfected 
groups. C: Colony assay showed the colony forming efficiency (CEF) of different transfected cells. D: Transwell assay showed the migration of different transfected cells. 
E: Transwell assay showed the invasion of different transfected cells. * P<0.05, ** P<0.01 and *** P<0.001 compared with corresponding control. 
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sion were counteracted by ROCK1 overexpression concurrently. 
These finding imply that ROCK1 may be a downstream factor of 
NEAT1- miR-335-5p to control the development of gastric cancer.
In conclusion, our findings indicate that upregulation of NEAT1 
may promote proliferation, migration and invasion of gastric 
cancer cells via targeting the miR-335-5p/ROCK1 axis. NEAT1-
miR-335-5p-ROCK1 axis may be a potential therapeutic strategy 
for gastric cancer therapy.

4. Experimental

4.1. Tissue samples and cell lines
Tissue samples and adjacent normal controls were obtained by surgical resection from 
12 individuals diagnosed as gastric cancer patients at our hospital. Those patients had 
not been treated by radiotherapy or chemotherapy before surgery. All samples were 
frozen in liquid nitrogen immediately and stored at -80 °C. The study was approved 
and supervised by the local ethics committee. 
Human gastric cancer cell line BGC-823 and nonmalignant gastric mucosa epithelial 
cell line GES-1 were obtained from the Shanghai Institute of Biochemistry and Cell 
Biology (Shanghai, China). All cells were cultured in RPMI1640 (Invitrogen, USA) 
supplemented with 10% fetal bovine serum (Invitrogen, US) at 37 °C in an humidified 
5% CO

2 
atmosphere. 

4.2. Cell transfection
Cells were cultured in a 6-well cell culture plate for 24 h. GES-1 cells were trans-
fected with pc-NEAT1, blank control, miR-335-5p inhibitor, and inhibitor control. 
BGC-82 cells were transfected with si-NEAT1, si-control, miR-335-5p mimic, mimic 
control, and/or pc-ROCK1. Cell transfection was proceeded using Lipofectamine 
2000 (Invitrogen, USA) according to the manufacturer’s protocol.

4.3. MTT assay
The viability of cells was measured using 3-(4,5-dimethyl-2-thiazolyl)-2, 5-diphenyl-
tetrazolium bromide (MTT) assay. In brief, transfected cells were seeded in a 96-well 
plate, and then cultured with 50 μL of MTT solution at 37 °C for 4 h. Then, 150 μL of 
dimethylsulfoxide was added into each well to lyse the formazan crystals formed in 
viable cells at room temperature for 15 min. The number of viable cells was measured 
at 490 nm with a spectrophotometer (Eppendorf, Germany).

4.4. Colony assay
Cell proliferation was performed using colony assay. Single-cell suspension was 
prepared using trypsin treatment. Cells, seeded into cell culture plates at a density 
of 200 cells/well (6-well), were cultured for 14 days at 37 °C. Afterwards, cells were 
washed with phosphate buffer twice and stained with a mixture of 0.5% crystal violet 
and 6.0% glutaraldehyde for 1 h at 37 °C. The plates were air dried at room tempera-
ture. Colonies was counted under microscope (Leica, Germany).

4.5. Cell migration and invasion assay
Cell migration and invasion were determined by Transwell assay. For cell invasion, the 
Transwell chambers (8 μm pore size; Corning Costar, NY, USA) were precoated with 
a diluted extra cellular matrix (ECM) solution. Briefly, single-cells were suspended 
in serum-free medium with 5% FBS and added into each well of the upper chamber. 
In the lower chamber, medium contained 10% FBS was added to be considered as 
a chemoattractant. After incubation for 24 h at 37 °C in 5% CO

2
, cells that had not 

migrated and invaded upper chamber were wiped by cotton swabs. Then, the migrated 
or invaded cells were fixed, stained with 2% crystal violet, ultimately, counted under 
microscope (Olympus, Tokyo, Japan).

4.6. Luciferase reporter assay
Dual-luciferase activity assay was performed to evaluate the relationship of miR-335-5p 
and ROCK1. The full-length 3’UTR of ROCK1 mRNA, which contains miR-335-5p 
binding site, was amplified by PCR, and then inserted into the Xba1-site of pGL3 
vector (Promega, WI, USA). The pGL3-ROCK1-3’-UTR-mut reporter containing point 
mutations in the seed sequence was synthesized using a site-directed mutagenesis kit 
(Stratagene, CA, USA). Subsequently, 1 × 106 cells were cotransfected with 50 pmol of 
miR-335-5p mimic (or mimic control), 1 μg of pGL3-ROCK1-3’-UTR-wt (or pGL3-
ROCK1-3’-UTR-mut) plasmid, and 1 μg of Renilla luciferase expression vector using 
Lipofectamine 2000 (Invitrogen Inc., Carlsbad, CA, USA). Cell luciferase activity was 
detected according to the Dual-Luciferase® Reporter Assay System (Promega, WI, 
USA) after transfection for 36 h. Renilla luciferase activity was considered as an internal 
control. The experiment was repeated at least three times.

4.7. Western blotting
Total cellular extracts were obtained after the cells were washed twice using Hanks’s 
balanced salt solution and lysed in RIPA buffer. Equal amounts of protein extracts (30 
μg protein per lane) were separated by 10% sodium dodecyl sulfate polyacrylamide 
gel electrophoresis (SDS-PAGE) and transferred to Polyvinylidene Fluoride (PVDF) 
membranes (Millipore, Boston, USA). The membranes were blocked with 5% skim 

milk in Tris Buffered Saline With Tween (TBST) for 1 h. The membranes were incu-
bated overnight at 4 °C with primary antibodies to ROCK1 (1:1000, ab45171, Abcam) 
and GAPDH (1:1000, ab181603, Abcam), and then a secondary antibody conjugated 
with horseradish peroxidase (1:5000, ab7090, Abcam) was added to culture the 
membrane continuously for 1 h at 37 °C. The bands in membranes were developed 
using the enhanced chemiluminescence reagent (Santa Cruz) after washing for 3 times 
with 1× Tris Buffered Saline Tween (TBST). GAPDH was used as an internal control.

4.8. qRT-PCR
Total RNA was extracted from tissue samples and cells with Trizol reagent (Invi-
trogen, US) according to the manufacturer’s instructions. The concentration and 
purity of isolated RNA were measured with Ultraviolet spectrophotometer (Merinton, 
Shanghai, China). Then RNA was reverse transcribed into cDNA using PrimeScript 
RT Reagent Kit (Applied Biosystems, Foster City, CA, USA) in accordance with the 
supplier’s protocol. The qRT-PCR reactions were performed in the ABI 7500 system 
(Applied Biosystems, CA, USA). Three independent experiments were performed for 
each sample. GAPDH was used as an internal control and the relative expression 
levels of interest gene were calculated with the 2−ΔΔCT method.

4.9. Statistical analysis
Data are presented as mean±standard deviation (SD). Statistical significance was 
analyzed with graph prism 5.0 software (GraphPad Prism, San Diego, CA). The 
difference between two groups was performed using Student’s t-test. The difference 
among groups was calculated by Post-hoc Turkey-test in one-way ANOVA. A value 
of P < 0.05 was considered to indicate statistically significant.
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