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Long non-coding RNA RP1-163G9.1 is downregulated in gastric
adenocarcinoma and is associated with a poor prognosis
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Abstract. The aim of the present study was to investigate the
expression, function and underlying molecular mechanism
of the long non-coding (Inc) RNA RP1-163G9.1 in patients
with gastric adenocarcinoma (GA). The expression levels of
IncRNA RP1-163G9.1 were determined in 112 paired clinical
GA tissues by reverse transcription-quantitative polymerase
chain reaction analysis. Subsequently, the potential clinical
values of IncRNA RP1-163G9.1 were analyzed with statistical
methods. Additionally, the function of IncRNA RP1-163G9.1
was explored at the cellular level using the Cell Counting
Kit-8 proliferation assay, Transwell experiments, fluorescence
in situ hybridization (FISH), colony formation assay and flow
cytometry. Furthermore, the function of IncRNA RP1-163G9.1
was assessed in vivo using subcutaneous tumorigenesis experi-
ments in nude mice. IncRNA RP1-163G9.1 expression in GA
tissues and cells was significantly decreased when compared
with that in control gastric tissues (P<0.001) or gastric
epithelial cells GES-1 (P<0.05). This finding was associated
with the depth of invasion (P=0.001), lymph node metastasis
(P=0.009), tumor size (P=0.037) and immunocytochemistry
marker Ki-67 (P=0.010). FISH detection demonstrated that
IncRNA RP1-163G9.1 was primarily located in the cyto-
plasm. Notably, overexpression of IncRNA RP1-163G9.1
significantly decreased cell proliferation (P<0.01), colony
formation (P<0.01), invasion (P<0.01) and the number of cells
at the S-phase of the cell cycle (P<0.05); However, it did not
exert a significant effect on apoptosis (P>0.05). Furthermore,
tumor formation experiments revealed that overexpression of
IncRNA RP1-163G9.1 inhibited cancer cell proliferation in
nude mice. The present research indicated that low expression
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of IncRNA RPI1-163G9.1 may be associated with enhanced
tumor proliferation and invasion in GA.

Introduction

Gastric cancer is one of the most common types of cancer and
the second most common cause of cancer-related mortality
worldwide (1,2). Furthermore, gastric cancer is also one of
the most common malignant tumors and the second leading
cause of cancer-related mortality in China. Among malignant
tumors of the stomach, gastric adenocarcinoma (GA) is the
most common histological subtype, accounting for 95% of
total morbidity. Early-stage GA rarely causes symptoms or
only causes mild symptoms. However, once clinical symptoms
eventually manifest, the chances of successful treatment
are reduced (3). Therefore, it is crucial to identify landmark
genes or small molecules that are associated with the prolif-
eration and metastasis of GA and may be used as diagnostic
biomarkers and drug targets for GA treatment (4,5).

Long non-coding (Inc) RNAs are transcripts >200 nucleo-
tides in length that do not encode proteins. IncRNAs were
initially considered to be byproducts of RNA polymerase 11
transcription (a type of genomic ‘noise’) and to have no physi-
ological function (6,7). However, recent studies revealed that
IncRNAs can in fact regulate gene expression in different
processes, including transcriptional and post-transcriptional
regulation, translation and epigenetic regulation (8.,9). This
identification complements the traditional genetic law. Notably,
only ~1.5% of the genome is gene-coding, and the majority of
these genes are transcribed into non-coding sequences, which
account for 9-11% of total RNA. According to their location
relative to protein-coding genes, IncRNAs may be divided into
five types, namely antisense, sense-overlapping, intronic, bidi-
rectional and intergenic (10). The positioning of IncRNAs may
help identify their function. Notably, various IncRNAs are
associated with human cancer. Previous studies have indicated
that the aberrant expression of IncRNAs may be associated
with the occurrence and development of tumors. For example,
IncRNA HOX transcript antisense RNA upregulation in GA
increases gastric cancer cell progression through recruit-
ment of microRNA (miR)-331-3p and regulation of human
epidermal growth factor receptor 2 gene expression by means
of competing endogenous (ce)RNA (11). In addition, inhibition
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of IncRNA H19 can suppress the growth of myeloma cells
through the nuclear factor-«B signaling pathway (12). c-Myc
gene-induced H19 can also promote cell proliferation (13).
H19 has been shown to be able to promote gastric cancer cell
proliferation via miR-675 through the tumor suppressor runt
domain transcription factor 1 (14). According to previous
research (15), IncRNAs are stable in blood specimens and can
be examined using fluorescence quantitative polymerase chain
reaction (QPCR) technology. Although various cancer-asso-
ciated IncRNAs have been identified, their function remains
to be elucidated. Currently, it remains unclear how several
IncRNAs are involved in important biological processes,
including tumor growth, proliferation and differentiation.

GA is one of the most frequently occurring cancer types
in the Fujian area in China. Therefore, our previous study
aimed to investigate the IncRNA expression profile in tissue
samples from patients with GA using a high-throughput chip
assay technique (16). A number of IncRNAs were found to be
differentially expressed in GA tissues compared with paired
non-cancerous tissues. The results of the chip studied by our
group revealed that IncRNA RP1-163G9.1 was expressed at
low levels in GA tissue compared with its expression in adja-
cent control tissues; however, its specific biological functions
and possible mechanisms of action remain unclear. To the best
of our knowledge, no previous research has indicated the role
of IncRNA RP1-163G9.1 in gastric cancer or other types of
cancer. Therefore, the aim of the present study was to assess
the role of IncRNA RP1-163G9.1 in GA.

IncRNA RP1-163G9.1 is located in chromosome
1:2976180-2978596, which contains three exons (1,697 bp in
size). Based on our previous data from microarray chip assays,
IncRNA RP1-163G9.1 was found to be downregulated in GA
tissues. To the best of our knowledge, the association of this
IncRNA with GA has not yet been reported. Therefore, it
may be of value to study the function and possible underlying
mechanism of IncRNA RP1-163G9.1 in GA. In the present
study, the possible association of this IncRNA with GA was
investigated in vitro and in vivo and its potential usefulness as
a molecular diagnostic marker was also evaluated.

Materials and methods

Specimen collection and preservation. A total of 112 fresh
clinically diagnosed GA specimens and their paired
non-cancerous tissues (collected at a distance of =5 cm from
the tumor) were collected between April 2014 and August 2016,
and immediately placed into RNase-free cryopreserved tubes
containing RNAlater solution (Thermo Fisher Scientific,
Inc., Waltham, MA, USA). The specimens were numbered
with a unique ID code and labeled with specific information,
including storage time and tissue type. The specimens were
stored in a cryogenic refrigerator at -80°C for later use.

Data collection on clinicopathological parameters. Patient
information, including age, sex, tumor location and size,
depth of invasion, differentiation, lymph node metastasis,
histological type and immunohistochemical markers, was
collected following gastric cancer excision using the hospi-
tal's Laboratory Information System, pathological diagnosis
system and database.
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RNA extraction and reverse transcription-qPCR (RT-qPCR).
Total RNA was extracted from fresh GA specimens and GES-1,
BGC-823, SGC7901, MGC803 and AGS cells using TRIzol
reagent (Invitrogen; Thermo Fisher Scientific, Inc.). A total of
200 ng RNA was used to synthesize cDNA with EasyScript
One-Step gDNA Removal and cDNA Synthesis SuperMix
(cat. no. AE311; TransGen Biotech, Co., Ltd., Beijing, China).
According to the known gene sequence, specific primers of
IncRNA RP1-163G9.1 and GAPDH were designed using the
National Center for Biotechnology Information online primer
design program Primer 3.0. All primers were synthesized by
Sangon Biotech Co., Ltd. (Shanghai, China). The sequences
of primers were as follows: GAPDH, forward 5'-ACCCAC
TCCTCCACCTTTGAC-3' and reverse, 5-TGTTGCTGT
AGCCAAATTCGTT-3"; and IncRNA RP1-163G9.1, forward
5-CGCCTCTCACTGGTAAGTCC-3' and reverse, 5-AAC
TGAGTCCCCAAAGACCC-3'". The relative expression of
IncRNA RP1-163G9.1 was determined using RT-qPCR and
SYBR-Green reagent from a TransStartR qPCR Super Mix
kit (cat. no. AQ131; TransGen Biotech, Co., Ltd.). The qPCR
conditions were as follows: 95°C for 3 min, 94°C for 5 sec and
58°C for 30 sec for 40 cycles, followed by a dissociation stage
at 95°C for 15 sec, 60°C for 15 sec and 95°C for 15 sec. The
2-44¢4 method was used to detect the expression fold changes
of IncRNA RP1-163G9.1. GADPH was used as the internal
control. The standard curve was constructed to determine the
amplification efficiency.

Fluorescence in situ hybridization (FISH). A total of 30 paired
paraffin-embedded sections were selected from the 112 pairs
of GA specimens to determine the expression localization of
IncRNA RP1-163G9.1 using FISH. The organization paraffin
block was provided by the Department of Pathology, Fuzhou
General Hospital (Fuzhou, China). The probe sequence of
IncRNA RP1-163G9.1 was designed and synthesized by
GenePharma Co., Ltd. (Shanghai, China) and marked with
5'CY3. The sequence was as follows: 5'-CTGCCGCCACCG
TTCTACC-3". Paraffin sections were prepared by placing the
paraffin block on ice for 1 h, cutting the samples into 3-xm slices
and then naturally drying the slices. Hybridization was conducted
on a ThermoBrite hybrid instrument (Qi Wei Industrial Co., Ltd.,
Shanghai, China) overnight after sealing. The probe concentra-
tion was 5 uM. The hybridization conditions were as follows:
75°C for 5 min followed by incubation at 42°C for 16 h.

Ethics statement. The present study was approved by the
Fuzhou General Hospital Ethics Committee. All patients
provided permission for the use of their tissue samples for
research purposes.

Scoring criteria of FISH. The cytoplasm was stained red
and identified as IncRNA RP1-163G9.1-positive expression.
According to Bai er al (17), staining intensity was scored as
follows: No staining [immunoreactive score (IRS): 0], weakly
positive (IRS: 1-2), moderately positive (IRS: 3-6), strongly
positive (IRS: 8-12). All results were determined by two
different members of staff at the same time.

Cell lines and culture conditions. Normal gastric epithelial
cells (GES-1) were obtained from Beijing Institute of Cancer
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Prevention (Beijing, China), and the GA cell lines (BGC-823
and MGC-803) were obtained from Cell Bank, Chinese
Academy of Sciences (Shanghai, China). The AGS and
SGC-7901 GA cell lines were purchased from the American
Type Culture Collection (Manassas, VA, USA). GES-1
cells were cultured in Dulbecco's modified Eagle's medium
(DMEM) supplemented with 10% fetal bovine serum (FBS)
(Gibco; Thermo Fisher Scientific, Inc.). AGS cells were
cultured in F12 medium with 10% FBS. BGC-823, MGC-803
and SGCO07901 cells were cultured in RPMI-1640 supple-
mented with 10% FBS. The cells were cultured at 37°C in a
humidified atmosphere containing 5% CO, in culture flasks.
The medium was changed every 1-2 days.

Screening clones that stably express pCDNA3.1-PRI and
pCDNA3.1. The vectors of pPCDNA3.1-IncRNA RP1-163G9.1
(pCDNA3.1-PR1), pCDNA3.1-GFP and pCDNA3.1 were
purchased from GenePharma Co., Ltd. pCDNA3.1-PR1 vector,
which overexpressed IncRNA RP1-163G9.1, was constructed
by sequence ligation of IncRNA RP1-163G9.1 (1,697 bp) with
pcDNA3.1 empty vector via BamHI and EcoRI sites. In order
to determine the most suitable concentration, G418 (Nuoyang
Biological Co., Ltd., Hangzhou, China) was diluted from
300 to 1,100 pg/ml in nine consecutive concentrations for
drug screening with BGC-823 and SGC7901 cells. BGC-823
and SGC7901 were digested with EDTA-trypsin, followed
by subculturing in 6-well plates at 1x10° cells/well. After the
cells had grown to 60-70% confluence, they were transfected
with pCDNA3.1-PR1, pCDNA3.1-GFP and pCDNA3.1 using
Lipofectamine 2000 transfection reagent (Invitrogen; Thermo
Fisher Scientific, Inc.). pcDNA3.1-GFP was used to monitor
transfection efficiency and G418 was used at an appropriate
concentration to determine stable clone screening following
a 24-h transfection. Culture solution and G418 were changed
every 3-4 days until cell clones could be observed by the naked
eye. Single clones were selected and culture was continued
with G418.

Cell proliferation experiment. Cells stably expressing
pCDNA3.1-PR1 and empty vector pPCDNA3.1 were digested
in a single-cell suspension solution, seeded into 96-well plates
at a density of 2,000 cells/well and cultured at 37°C in an atmo-
sphere containing 5% CO,. A total of six replicate wells were
used. According to the manufacturer's instructions, 10 pl/well
of Cell Counting Kit-8 (CCK-8) reagent (Nuoyang Biological
Co., Ltd., Hangzhou, China) was added to the cells, followed
by incubation at 37°C for 1 h. Absorbance was measured at
450 and 630 nm using a microplate reader (Spectra Max 190;
Molecular Devices, LLC, Sunnyvale, CA, USA). The assays
were performed on days 0 (following culture for 6 h), 1, 2, 3
and 4, and a cell proliferation curve was drawn.

Colony formation experiments. Single-cell suspension solu-
tions of cells stably expressing pcDNA3.1-PR1 and empty
vector pcDNA3.1 were prepared and subcultured in 6-well
plates at a density of 1,000 cells/well. Culturing was performed
at 37°C in an atmosphere containing 5% CO, for 14 days.
When a single colony contained =50 cells, the cells were
fixed with methanol for 15 min and stained with 0.1% crystal
violet solution for 15 min. A total of 10 fields of vision were
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randomly selecting per well and the number of colonies was
counted under a microscope. Three independent experiments
were conducted.

Detection of apoptosis and analysis of the cell cycle. BGC823
cells, which stably expressed IncRNA RP1-163G9.1 and
pcDNA3.1, were digested by trypsin. A single-cell suspen-
sion containing 5x10° cells was prepared. According to the
instructions of the manufacturer of Annexin V-fluorescein
isothiocyanate (FITC)/propidium iodide (PI) apoptosis detec-
tion kits (Nanjing KeyGen Biotech Co., Ltd., Nanjing, China),
following staining for 5 min at room temperature away from
light with 5 ul PI and 5 ul Annexin V-FITC, apoptosis was
detected using a flow cytometry instrument (BD FACSCalibur;
Becton, Dickinson and Company, San Jose, CA, USA). A total
of 5x10° cells in the logarithmic growth phase were collected,
resuspended and stained with 5 u1 PI for 10 min at room
temperature away from light. Subsequently, the cell cycle was
analyzed using a flow cytometry instrument.

Transwell experiments. The Transwell chamber (EMD
Millipore; Billerica, MA, USA) was prepared with a BD
Matrigel. The mixing ratio of DMEM and BD Matrigel was
1:4. The chamber preparation experiment was completed on
ice and the temperature did not exceed 10°C. A total of 100 ul
cell suspension containing 5x10* cells was added to the upper
Transwell chambers. A total of 600 ul complete medium
containing serum supplemented with 10% FBS was added to
the lower chamber and the cells were cultured at 37°C in an
atmosphere containing 5% CO,. The experiments were termi-
nated following 48 h of incubation. The chamber was washed
three times with phosphate-buffered saline (PBS), fixed with
methanol for 20 min and then stained with 0.1% crystal violet
solution for 20 min. Excess dye was removed with PBS and
cells in the interior of the chamber were removed with a cotton
swab. Five fields of view were selected, and the number of cells
was counted using an inverted microscope (Olympus 1X51;
Olympus Corporation, Tokyo, Japan).

In vivo experiments. A total of 20 BALB/c male nude mice
(aged 4-6 weeks and weighing 16-20 g) were purchased
from Slac Laboratory Animal Co., Ltd. (Shanghai, China).
The mice were equally divided into two groups. Single-cell
suspensions using PBS and SGC7901 cells stably overex-
pressing pPCDNA3.1 and pCDNA3.1-PR1 were prepared and
subcutaneously inoculated in the right flank of nude mice
(8x10° cells/0.1 ml/mouse). Nude mice were observed every
day and the tumor volume was measured every week. Tumor
volume was calculated as follows: V (mm?®) = ab%/2, where ‘a’
is the long diameter and ‘b’ the short diameter of the measured
tumors. After 5 weeks, the nude mice were euthanized by
cervical dislocation, the tumors were removed and the volumes
and weights were determined, and hematoxylin and eosin
staining was performed on representative specimens.

Statistical analysis. The relative expression level of IncRNA
RP1-163G9.1 was obtained by conducting statistical analysis
with a paired t-test using GraphPad Prism 5.0 (GraphPad
Software, Inc., La Jolla, CA, USA). All clinicopathological
data were assessed using SPSS 19.0 software (IBM Corp.,
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Figure 1. Expression level of IncRNA RP1-163G9.1. (A) Compared with
control tissues, the expression of IncRNA RP1-163G9.1 in GA tissues was
downregulated (n=112, “"P<0.001). (B) Relative expression levels of IncRNA
RP1-163G9.1 in GA cells and normal gastric epithelial cells (GES-1). Data
were obtained from three independent experiments and are displayed as the
mean + standard deviation. "P<0.05, ““P<0.001. IncRNA, long non-coding
RNA; GA, gastric adenocarcinoma.

Armonk, NY, USA). The correlation of IncRNA RP1-163G9.1
expression with clinical pathological parameters and immuno-
histochemical markers was assessed using analysis of variance.
Cell function experiments were conducted by a double-sided
t-test and P<0.05 was considered to indicate a statistically
significant difference. Data are presented as the mean =+ stan-
dard deviation calculated from three replicate representative
experimental results. In addition, the association of IncRNA
RP1-163G9.1 expression with the tumor-node-metastasis
(TNM) stage of the tumor, lymph node metastasis and tumor
size was performed using multi-factor logistic regression.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Expression levels of IncRNA RPI1-163G9.1 in GA and adja-
cent non-GA tissues. IncRNA RP1-163G9.1 was found to
be downregulated in GA tissues according to the results of
the RT-qPCR analysis. Notably, the Cq difference between
the target IncRNA RP1-163G9.1 and the internal reference
gene in cancer tissues was as follows: ACq="7.317+0.379.
However, the Cq difference between paracancerous tissues and
the internal reference gene was as follows: ACq=4.807+0.276.
Statistical analysis indicated that the expression of IncRNA
RP1-163G9.1 in GA was significantly decreased compared
with that in adjacent non-GA tissues (P<0.001; Fig. 1A).
The results of tissue validation demonstrated that IncRNA
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Table I. Analysis of the correlation between IncRNA

RP1-163G9.1 expression level and clinicopathological
parameters.
Clinicopathological
parameters Cases, n AACq* P-value
Age (years) 0.643
<60 56 2.73+0.44
=60 56 2.46+0.39
Sex 0.952
Male 80 2.59+0.35
Female 32 2.62+0.52
Differentiation 0.074
Poor 63 3.10+0.38
Moderate 46 1.85+£0.46
High 3 4.36+1.52
Depth of invasion 0.001
T1+T2 23 0.39+0.56
T3 + T4 89 3.17+0.31
Lymph node metastasis 0.009
No 35 1.49+0.58
Yes 77 3.11+0.32
Tumor size, cm 0.037
<4 50 1.93+0.44
>4 62 3.15+0.37
Neural invasion 0.946
No 62 2.62+0.42
Yes 50 2.58+0.39
Vessel invasion 0.291
No 58 2.90+0.43
Yes 54 2.28+0.38

“Data are shown as mean * standard deviation. IncRNA, long
non-coding RNA.

RP1-163G9.1 expression was consistent with the data of the
chip analysis. The RT-qPCR results revealed that IncRNA
RP1-163G9.1 expression was downregulated in 85/112 cases
of GA (75.89%) by 23.94-fold. Notably, the expression of
IncRNA RP1-163G9.1 was also detected in gastric cancer cell
lines (BGC823, SGC7901, MGC803 and AGS) and the control
gastric epithelial cells (GES-1). IncRNA RP1-163G9.1 expres-
sion was also significantly downregulated in the four gastric
cancer cells compared with GES-1 cells (P<0.05; Fig. 1B).

Correlation analysis of IncRNA RP1-163G9.1 expression with
clinicopathological parameters and immunohistochemical
markers. Patients' detailed clinical data were collected and
correlation analysis of IncRNA RP1-163G9.1 expression
with clinicopathological parameters was performed. The
results suggested that decreased expression of IncRNA
RP1-163G9.1 was significantly associated with the depth of
tumor invasion (P=0.001), lymph node metastasis (P=0.009)
and tumor size (P=0.037) (Table I). These findings suggested
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Table II. Correlation analysis between IncRNA RP1-163G9.1 expression level and immunohistochemical markers.

Immunohistochemical markers Cases, n AACq* P-value

o-fetoprotein 0.607
Low 102 2.55+0.31
High 10 3.08+0.65

Carcinoembryonic antigen 0.113
Low 93 2.39+0.32
High 19 3.62+0.72

Carbohydrate antigen 19-9 0.287
Low 94 247+0.32
High 18 3.31+0.30

Vascular endothelial growth factor 0.715
Low 34 2.76+0.49
High 78 2.53+0.36

C-erbB-2 0.932
Low 98 2.61+0.31
High 14 2.54+091

Thymidine synthase 0.076
Low 53 2.06+0.42
High 59 3.09+0.40

Breast cancer type 1 0.859
Low 32 2.52+0.48
High 80 2.63+0.36

Excision repair cross-complementation group 1 0.199
Low 31 3.21+0.60
High 81 2.37+0.33

Protamine 1 0.566
Low 77 2.49+0.35
High 35 2.85+0.52

Ki-67 0010
Low 37 1.54+0.48
High 75 3.20+0.35

“Data are shown as mean + standard deviation. IncRNA, long non-coding RNA.

that low IncRNA RP1-163G9.1 expression may promote
tumor cell proliferation and invasion. The correlation of the
decreased expression of IncRNA RP1-163G9.1 with immuno-
histochemical markers of GA was also assessed. The results
demonstrated that decreased IncRNA RP1-163G9.1 expression
was significantly associated with Ki-67 (P=0.010; Table II).
Ki-67 is a known cell proliferation marker. Notably, a higher
Ki-67-positive rate is indicative of faster tumor proliferation
and a higher degree of malignancy. Therefore, our results
suggested that IncRNA RP1-163G9.1 may be associated
with tumor cell proliferation. Multivariate logistic regression
analysis also indicated that IncRNA RP1-163G9.1 acted as a
tumor-protective factor (P<0.05). The adjusted variables were
age, sex, tumor differentiation and histological type (Table III).

In situ expression and localization of IncRNA RPI1-163G9.1.
A total of 30 pairs of GA paraffin-embedded tissues were

selected to conduct FISH. The results demonstrated that
IncRNA RPI1-163G9.1 was primarily expressed in the
cytoplasm, whereas no expression was detected in the
nucleus (Fig. 2A). Compared with paired control tissues, the
expression of IncRNA RP1-163G9.1 was significantly lower
compared with that of their paired control tissues when
analyzed with GraphPad Prism 5 software (P<0.001; Fig. 2B).

Screening of clones stably expressing IncRNA RPI1-163G9.1
in BGC-823 and SGC-7901 cells. G418 drug screenings of
BGC823 and SGC7901 cells were completed and the final
concentration of G418 was 800 and 700 ug/ml, respectively.
SGC7901 and BGC823 clones exhibiting stable overexpression
of IncRNA RP1-163G9.1 were successfully constructed. The
relative expression of IncRNA RP1-163G9.1 was detected with
RT-qPCR. Notably, the expression of IncRNA RP1-163G9.1
in the pCDNA3.1-PR1 group was significantly increased
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Table III. Logistic regression analysis of IncRNA RP1-163G9.1 and tumor depth of invasion, LMN and tumor size.

Unadjusted Adjusted®

IncRNA RP1-163G9.1 LNM (n)

expression Nol/yes OR CI P-value OR CI P-value

Low 20/65 Reference Reference

High 15/12 0.25 0.10-0.61 0.001 0.21 0.08-0.57 0.002
Unadjusted Adjusted®

IncRNA RP1-163G9.1 Invasion depth

expression T1+T2/T3+T4 (n) OR CI P-value OR CI P-value

Low 10/75 Reference Reference

High 13/14 0.14 0.05-0.39 0.001 0.14 0.04-0.36 0.001
Unadjusted Adjusted®

IncRNA RP1-163G9.1 Tumor size, cm

expression <4/=4 (n) OR CI P-value OR CI P-value

Low 33/52 Reference Reference

High 17/10 0.37 0.15-0.91 0.028 0.38 0.15-0.93 0.035

*The adjusted variables were age, sex, tumor differentiation and histological type. Bold print indicates statistical significance. LMN, lymph
node metastasis; IncRNA, long non-coding RNA; OR, odds ratio; CI, confidence interval.

Cancer 1

Cancer 2

MNormal

m

Expression intensity

T
Cancer Normal

Figure 2. In situ expression and cell localization of IncRNA RP1-163G9.1 in
GA and paired normal gastric tissues. ‘Cancerl’ and ‘Cancer2’ indicate the
two representative gastric adenocarcinoma tissues. ‘Normal’ indicates the
paired normal gastric tissue. (A) CY3 represents the expression of the target
IncRNA RP1-163G9.1 (emitted red light under green light excitation); DAPI
represents nuclear staining (emitted blue light under green light excitation);
‘merge’ represents the combination of the two. (B) Compared with paired
normal gastric tissue, the expression of IncRNA RP1-163G9.1 was decreased
in GA tissues (n=30, ""P<0.001). Data are presented as the mean + standard
deviation. IncRNA, long non-coding RNA; GA, gastric adenocarcinoma;
DAPI, 4',6-diamidino-2-phenylindole.

compared with the pCDNA3.1 empty vector stable expression
groups in SGC7901 and BGC823 cells (P<0.01).

Overexpression of IncRNA RPI1-163G9.1 inhibits tumor
cell proliferation. CCK-8 proliferation experiments were
performed in BGC823 and SGC7901 cells overexpressing
IncRNA RP1-163G9.1. The results indicated that the prolif-
eration ability of the pPCDNA3.1-PR1 clones was significantly
lower compared with that of the pCDNA3.1 empty vector
clones, indicating that IncRNA RP1-163G9.1 can inhibit the
proliferation of GA cells at the cellular level (P<0.01; Fig. 3).

Overexpression of IncRNA RPI-163G9.1 inhibits the
colony-forming ability of GA cells. Colony formation experi-
ments were performed to detect the ability of cells to form
colonies. The colony-forming ability of BGC823 cells was
found to be decreased in pCDNA3.1-PR1 clones compared
with the empty vector control (Fig. 4A and B). Statistical anal-
ysis indicated that overexpression of IncRNA RP1-163G9.1
significantly inhibited the proliferation of tumor cells (P<0.01;
Fig. 4C).

IncRNA RPI-163G9.1 overexpression inhibits tumor cell
invasion. In order to determine whether IncRNA RP1-163G9.1
affects the invasive ability of tumor cells, IncRNA RP1-163G9.1
stably overexpressing cell lines were used in Transwell experi-
ments (Fig. SA and B). The invasive ability of pPCDNA3.1-PR1
was significantly decreased compared with the pCDNA3.1
empty vector control group in BGC-823 and SGC-7901
cells (P<0.01; Fig. 5C and D). These findings indicated that
IncRNA RP1-163G9.1 may play a role in tumor cell invasion
and that it may exert a tumor-protective effect.
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Figure 3. Cell Counting Kit-8 proliferation assay. (A and B) Proliferation
curve of stable expression strains of BGC823 and SGC7901 cells. Data
were obtained from three independent experiments and are presented as the
mean + standard deviation. The results demonstrated that the proliferation
in the pPCDNA3.1-PR1 group was decreased compared with the pPCDNA3.1
group (P<0.01).

Effect of IncRNA RP1-163G9.1 on the cell cycle and apoptosis
of tumor cells. Apoptosis was detected using flow cytometry.
The results are presented in Fig. 6A. The apoptotic level of
BGCB823-pCDNA3.1-PR1 did not differ significantly from that
of BGC823-pCDNA3.1 (P>0.05; Fig. 6B). This finding indi-
cated that IncRNA RP1-163G9.1 did not affect the apoptosis of
tumor cells. Notably, cell cycle analysis demonstrated that the
proportion of cells in the S-phase was significantly reduced
in the BGC823-pCDNA3.1-PR1 group compared with the
BGC823-pCDNA3.1 group (P<0.05; Fig. 6C and D).

Tumor growth curve. Tumor cells were subcutaneously
inoculated into nude mice, and the animals were sacrificed at
the end of the experiment. Tumor growth in the two groups
of nude mice was evaluated (Fig. 7A). Tumor volume was
measured weekly and a growth curve was plotted. The tumor
volume of the SGC7901-pCDNA3.1-PR1 group was smaller
compared with that of the SGC7901-pCDNA3.1 group, and
the difference was statistically significant (P<0.05; Fig. 7B).

IncRNARPI-163G9.1 inhibits tumor cell proliferation in vivo.
Tumor tissue was isolated, the tumor volume and size were
measured and representative tumor samples were subjected
to hematoxylin and eosin staining to determine the nature
of the tumor tissues (Fig. 7C and D). Statistical analysis
of tumor volume and size demonstrated that there was a
significant difference between the experimental and control
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Figure 4. Cloning assay for detecting the effect of IncRNA RP1-163G9.1
on tumor cell clone formation. (A and B) Clone formation representative
results for empty and overexpressed IncRNA RP1-163G9.1 cell strains of
BGC823, respectively. (C) Statistical analysis of the data from the three
independent experiments (mean + standard deviation). The clonogenic ability
of pCDNA3.1 BGC823 cells was significantly higher compared with that in
the pCDNA3.1-PR1 group (“P<0.01). IncRNA, long non-coding RNA.

groups (P<0.05; Fig. 7E and F). Therefore, these results
revealed that IncRNARP1-163G9.1 overexpression can inhibit
tumor growth in vivo.

Discussion

Based on the previous chip assay results, the present study was
the first to report that the expression of IncRNA RP1-163G9.1
was downregulated in GA tissues. RT-qPCR results from
112 GA tissues indicated that the rate of downregulation was
75.89% (85/112), and it was 23.94-fold lower in cancer samples
compared with paired non-cancerous tissues. The present
investigation further revealed that low expression of IncRNA
RP1-163G9.1 was associated with increased invasiveness of
GA, lymph node metastasis, larger tumor size and increased
expression of the immunohistochemical marker Ki-67.
Furthermore, the overexpression of IncRNA RP1-163G9.1
was shown to inhibit GA cell invasion and colony formation,
cause a decrease of the number of cells in the S phase of the
cycle in vitro, and reduce subcutaneous tumorigenesis in nude
mice in vivo. These data support that IncRNA RP1-163G9.1
affects the proliferation ability of gastric cancer cells. In addi-
tion, the results suggested that the low expression of IncRNA
RP1-163G9.1 in patients with GA is associated with tumor
proliferative capacity.

Cancer is a complex disease, which was caused by multiple
factors that are associated with changes in gene expression.
Research mostly focuses on protein-coding genes. However,
recently, emerging studies have indicated that IncRNAs are
not only involved in the occurrence and development of human
tumors (18), but may also be used as new type of biomarker and
therapeutic target (19,20). More evidence has demonstrated
that IncRNAs are closely associated with human cancer, and
play important roles in the regulation of cell proliferation
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Figure 5. Transwell assay for detecting the effect of IncRNA RP1-163G9.1 on tumor cell invasion. Representative Transwell results for (A) BGC823 and
(B) SGC7901 cells. Statistical analyses of (C) BGC823 and (D) SGC7901 cells. The data were obtained from three independent experiments (mean + standard

deviation). “P<0.01. IncRNA, long non-coding RNA.

and apoptosis (21,22), cell cycle, epigenetics and chromatin
remodeling (23,24), thereby participating in tumorigenesis
and cancer progression. Therefore, IncRNAs are becoming an
area of interest in research. IncRNAs are typically identified
by the use of high-throughput chip technology. In addition,
other methods, using bioinformatics techniques, have been
used to predict the IncRNAs associated with tumors, including
Improved Random Walk with Restart for IncRNA-Disease
Association prediction (25) and KATZ measure for
IncRNA-Disease Association prediction (26). These find-
ings may be helpful in predicting gastric cancer-associated
IncRNAs by building a new computer model.

In the present study, low expression of IncRNA RP1-163G9.1
was detected in GA tissues; however, its function in GA
remained unclear. An overexpression vector of this IncRNA
was therefore constructed and clones stably expressing IncRNA
RP1-163G9.1 were screened. IncRNA RP1-163G9.1 exerted an
effect on tumor proliferation and led to a cell cycle arrest in the
G, phase. The results of the present study were similar to the
results obtained for other gastric cancer-associated-IncRNAs to
some degree. For example, the IncRNA taurine-upregulated 1
was found to be overexpressed in GA through interacting with
PRC2 to affect cell cycle progression (27). The present results
further confirm that IncRNA dysregulation is closely associated
with GA. Documented literature has indicated that the function

of IncRNAs that participate in numerous signaling pathways
is closely associated with their location in the cell (28). The
results of our FISH assay revealed that IncRNA RP1-163G9.1
is located in the cytoplasm, and so it may be hypothesized that
IncRNA RP1-163G9.1 may be associated with transcription
regulation and protein translation.

Although the function of IncRNA RP1-163G9.1 was investi-
gated in the present study, the underlying molecular mechanism
requires further elucidation in future experiments. FISH demon-
strated that IncRNA RP1-163G9.1 is located in the cytoplasm.
According to current IncRNA research, it was hypothesized
that IncRNA RP1-163G9.1 may act as a ceRNA that combines
with endogenous miR and competes for the target gene (29).
Alternatively, this IncRNA may act as a bait molecule for target
gene recruitment (30,31). As regards the molecular mechanisms
involved in IncRNA function, it was previously demonstrated
that IncRNAs may competitively combine with miRs, leading
to various effects associated with oncogenesis, including cell
proliferation, growth and metastasis (32). Thus, combined
with bioinformatics technology, coding-non-coding gene
co-expression (CNC) and ceRNA prediction analysis of IncRNA
RP1-163G9.1 was performed in the present study. A total of 54
mRNAs with the same expression patterns were screened in
CNC prediction (data not shown). Notably, the expression of ~48
of these was negatively correlated with IncRNA RP1-163G9.1
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Figure 6. Analysis of cell apoptosis and cell cycle distribution in BGC823 cells stably overexpressing IncRNA RP1-163G9.1. (A) Representative images for
apoptotic detection. (B) Statistical analysis revealed no statistically significant difference between the early apoptotic group (*P>0.05) and the late apoptotic
group (*P>0.05). (C) Representative cell cycle images. (D) Statistical analysis. "P<0.05. IncRNA, long non-coding RNA.
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Figure 7. Subcutaneous tumorigenesis experiment using SGC7901 cells stably overexpressing IncRNA RP1-163G9.1. (A) Representative nude mice results
are shown. (B) The growth curve revealed the difference was statistically significant ("P<0.05). (C) Representative tumors. (D) Tumor hematoxylin and
eosin staining. (E and F) Statistical analysis of tumor volume and tumor size from tumors obtained from two groups of nude mice. The results indicated that
IncRNARP1-163G9.1 overexpression inhibited the proliferation of tumor cells in vivo. "P<0.05.

and the expression of 6 was positively correlated. Furthermore,
41 miRs were predicted in ceRNA analysis (data not shown),
which have nucleotide binding sites for IncRNA RP1-163G9.1.
The results may be useful for further research on identifying
the possible mechanism of IncRNA RP1-163G9.1 in GA. We
hypothesized that IncRNA RP1-163G9.1 may not be related to
apoptosis-associated gene expression or participate in cell apop-
tosis signaling pathway regulation. The exact role and molecular
mechanism involved in the association of IncRNA RP1-163G9.1
with GA cell apoptosis requires further investigation.

There were certain limitations to the present study. These
included an insufficient number of specimens and a lack of
study of the underlying molecular mechanism. Next, a larger
number of samples may be investigated to confirm its true clin-
ical application, and the expression of IncRNA RP1-163G9.1
may be detected in collected blood samples (including whole
blood, serum and plasma). If its expression is consistent
with that in the tumor, a diagnostic cut-off value may be
determined, which may represent a good diagnostic marker
for gastric cancer. According to the results of bioinformatics
prediction and the results of chip assay conducted on GA cells
stably expressing IncRNA RP1-163G9.1, the high-score miRs
and candidate target genes will be investigated to determine
their association with the expression of IncRNA RP1-163G9.1.
Furthermore, it was demonstrated that IncRNA RP1-163G9.1
is a proliferation index of gastric cancer and, based on this
finding, the expression levels of genes that were related to cell
proliferation will be detected at the protein and mRNA levels.

Taken together, the results of the present study indicate
that IncRNA RP1-163G9.1 acts as an important regulator of
tumor proliferation in GA and its expression is low in GA
tissues. The findings of the present study suggest that IncRNA
RP1-163G9.1 may be a potential target for GA diagnosis and
therapy, and may provide a significant basis for understanding
how IncRNAs are involved in proliferation regulation and
tumor progression and treatment.
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