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Abstract. Long non‑coding RNAs (lncRNAs) serve a 
crucial role in gastric cancer (GC) progression. However, the 
molecular mechanism underlying lncRNA JPX transcript, 
XIST activator  (JPX) in the tumorigenesis of GC is not 
completely understood. Reverse transcription‑quantitative 
PCR  (RT‑qPCR) and western blotting were performed to 
detect gene expression. A luciferase reporter gene assay 
was conducted to determine the relationship between 
microRNA (miR)‑197 and JPX or C‑X‑C motif chemokine 
receptor 6 (CXCR6). Cell viability, migration and invasion were 
determined by performing MTT, wound healing and Transwell 
assays, respectively. The Cancer Genome Atlas database 
and the RT‑qPCR results indicated that JPX expression was 
upregulated and miR‑197 expression was downregulated in 
patients with GC and in GC cells. Moreover, high JPX expres‑
sion and low miR‑197 expression in patients with GC indicated 
poor prognosis. miR‑197 expression was directly inhibited 
by JPX. Compared with the short hairpin RNA (sh) negative 
control (NC) group, NCI‑N87 and MKN‑45 cells in the shJPX 
group displayed decreased cell viability and invasion, as well 
as a wider scratch width. NCI‑N87 and MKN‑45 cells in the 
shJPX + miR‑197 inhibitor group had increased viability and 
invasion, but a narrower scratch width compared with the shJPX 
group. It was also identified that miR‑197 directly inhibited 
CXCR6 expression. miR‑197 inhibited Beclin1 protein expres‑
sion and promoted p62 protein expression. Compared with 
the NC group, NCI‑N87 and MKN‑45 cells in the miR‑197 
mimic group had decreased cell viability and invasion, and a 
wider scratch width. Enhanced cell viability and invasion, and 
a narrower scratch width was also observed in the miR‑197 
mimic + CXCR6 and miR‑197 mimic  +  Beclin1 groups, 

compared with the miR‑197 mimic group. Collectively, the 
results indicated that lncRNA JPX promoted GC progression 
by regulating CXCR6 and autophagy via inhibiting miR‑197. 
Furthermore, JPX knockdown regulated GC cell phenotype by 
promoting miR‑197.

Introduction

Gastric cancer (GC) is one of the most common malignan‑
cies and is the third leading cause of cancer‑related mortality 
worldwide (1). In 2018, there were 1,033,701 new cases of GC 
diagnosed, which accounted for 5.7% of the total worldwide 
number of cancer diagnoses  (2). Patients with GC often 
present with non‑specific symptoms in the early stages and the 
majority of GC cases are diagnosed in the advanced stages, 
which generally indicates a poor prognosis  (3). Clinically, 
despite advancements in the therapy of GC, the treatment 
effect remains unsatisfactory and the 5‑year survival rate is 
≤30% (4,5). The improvement in the prognosis of patients with 
GC requires the identification of novel and effective thera‑
peutic targets. It has been reported that the pathogenesis of 
GC is caused by the altered expression of multiple genes (6). 
Therefore, the identification of tumor suppressor genes and 
oncogenes is of great importance for the diagnosis and treat‑
ment of GC. 

Long non‑coding RNAs (lncRNAs) are a class of RNA 
transcripts that are >200 nucleotides in length (7). lncRNAs 
lack protein‑coding function, but exert physiological effects 
at the epigenetic, transcriptional and post‑transcriptional 
levels (8). Previous studies have reported that a number of 
lncRNAs serve as crucial regulators in the progression of 
GC. For instance, Wu et al (9) revealed that lncRNA FEZF1 
antisense RNA 1 (FEZF1‑AS1) was highly expressed in GC 
tissues and cells, and was associated with poor prognosis in 
patients with GC. Therefore, lncRNA FEZF1‑AS1 may serve 
as an independent prognostic factor in GC, which promotes the 
tumorigenesis of GC by activating the Wnt signaling pathway. 
By contrast, Nie et al (10) observed that lncRNA MIR31 host 
gene (MIR31HG) was downregulated in GC, which indicated 
poor prognosis in patients with GC. In vitro studies have also 
revealed that decreased lncRNA MIR31HG expression could 
promote GC cell proliferation (10). Similarly, GC associated 
transcript 2, transmembrane protein 238 like and maternally 
expressed  3 are considered as tumor suppressor genes in 
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GC (11‑13), whereas GC associated transcript 3, BC005927, 
urothelial cancer associated 1 and colon cancer associated 
transcript 1 were identified as cancer‑promoting genes (14‑17). 
Thus, the discovery of lncRNAs provides important thera‑
peutic targets for GC. 

lncRNA JPX transcript, XIST activator (JPX) is a member 
of lncRNA family that, to the best of our knowledge, has not 
been investigated in GC. In the present study, JPX expression 
was detected in GC and the effects of JPX on the development 
of GC were investigated. Several studies have revealed that 
microRNA (miRNA/miR)‑197 acts as a tumor suppressor in 
the progression of GC. For example, Liao et al (18) reported 
that miR‑197 suppressed GC progression by regulating metad‑
herin, while Chen et al (19) indicated that hsa_circ_0092306 
facilitated GG tumorigenesis by targeting miR‑197. Moreover, 
increasing evidence has suggested that lncRNA could serve 
as a competing endogenous RNA against miRNA to regulate 
the progression of various types of cancer, such as cervical 
cancer, GC and ovarian cancer (20‑22). However, whether JPX 
regulates miR‑197 in GC requires further investigation. It has 
also been observed that C‑X‑C motif chemokine receptor 6 
(CXCR6) is involved in the development of GC. 

Therefore, the present study investigated whether JPX 
regulated the development of GC via the miR‑197/CXCR6 
axis, with the aim of identifying a novel potential target and 
theoretical basis for the treatment of GC. 

Materials and methods

The Cancer Genome Atlas (TCGA) analysis. JPX and miR‑197 
expression levels in tumor and healthy tissues of patients with 
GC were downloaded from TCGA database (https://tcga‑data.
nci.nih.gov/tcga/). Differences in JPX and miR‑197 expression 
levels between healthy and tumor tissues were analyzed. 

Tissue specimens. A total of 32 paired GC and adjacent 
non‑tumor tissues (3‑5 cm adjacent to tumor) were collected 
from 32 patients with GC (mean age, 62 years; age range, 
43‑76 years; 17 male patients and 15 female patients) at The 
Second Affiliated Hospital of Nanjing Medical University 
between January 2016 and April 2018. The diagnoses of these 
samples were verified by experienced pathologists. Written 
informed consent was obtained from all patients. The present 
study was approved by the Ethics Committee of The Second 
Affiliated Hospital of Nanjing Medical University.

Cell culture. GC cell lines (NCI‑N87 and MKN‑45) and 
normal gastric mucosa epithelial cells (GES‑1) were purchased 
from The Cell Bank of Type Culture Collection of the Chinese 
Academy of Sciences. Cells were cultured in 3 ml DMEM 
(Gibco; Thermo Fisher Scientific, Inc.) supplemented with 
10% FBS (Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml 
penicillin (Thermo Fisher Scientific, Inc.) and 100 µg/ml strep‑
tomycin (Thermo Fisher Scientific, Inc.) in sterilized culture 
flasks at 37˚C with 5% CO2. 

Transfection. The short hairpin RNA (shRNA) targeting JPX 
(shJPX; 5'‑GUG​CGU​ACA​GUG​CUG​UAC​AGC​AU‑3') with 
its negative control (NC) shRNA (shNC; 5'‑UAC​GCU​CAG​
CAU​GUG​UCA​CUC‑3'), miR‑197 mimic (5'‑UCG​UUC​GUG​

AGC​ACU​UGC​GAC​G‑3') with its NC mimics (5'‑UCG​UCG​
GAU​CGA​CUG​AGA​UCU‑3') and miR‑197 inhibitor (5'‑AGC​
CUU​GCU​GCA​GGU​GCG​CAU‑3') with its NC inhibitor 
(5'‑UGC​CUU​ACU​GAC​GGU​CGG​AGA‑3') were purchased 
from Shanghai GenePharma Co., Ltd. NCI‑N87 and MKN‑45 
cells were transfected with 10 nM shJPX and 10 nM shNC. 
NCI‑N87 and MKN‑45 cells were transfected with 10 nM 
miR‑197 mimic and 10 nM NC to form the miR‑197 mimic 
and NC groups, respectively. 

CXCR6 and Becl in1 overexpression plasmids 
(pcDNA3.1‑CXCR6 and pcDNA3.1‑Beclin1, respectively) 
were established by inserting the full‑length CXCR6 or 
Beclin1 sequence into the pcDNA3.1 vector (Thermo Fisher 
Scientific, Inc.). An empty pcDNA3.1 vector (pcDNA3.1) was 
used as the control. 

NCI‑N87 and MKN‑45 cells were co‑transfected with 
10 nM shJPX and 10 nM miR‑197 inhibitor (shJPX + miR‑197 
inhibitor group), miR‑197 mimic and CXCR6 overexpression 
vector (miR‑197 mimic + CXCR6 group) or miR‑197 mimic and 
Beclin1 overexpression vector (miR‑197 mimic + Beclin1 group). 

All transfections were performed using Lipofectamine® 
3000 reagent (Thermo Fisher Scientific, Inc.). Cells were main‑
tained at 37˚C and 5% CO2 for 8 h. Successfully transfected 
cells were screened and maintained in DMEM supplemented 
with 10% FBS at 37˚C and 5% CO2. At 48 h post‑transfection, 
cells were used for subsequent experimentation.

Luciferase reporter gene assay. StarBase 2.0 (http://starbase.
sysu.edu.cn) was used to predict the potential miRNAs that 
can bind to JPX. Wild‑type (WT) and mutant (MUT) JPX 
sequences, as well as WT and MUT CXCR6 sequences, were 
designed by Shanghai GenePharma Co., Ltd. and cloned into 
the psiCHECK2 luciferase reporter (Promega Corporation). 
NCI‑N87 cells transfected with 10  nM miR‑197 mimics 
and 10 nM NC were prepared as single cell suspensions in 
serum‑free DMEM at a density of 1x105 cells/ml. Cells were 
seeded in 6‑well plates (1  ml cell suspensions per well). 
NCI‑N87 cells were transfected with WT and MUT JPX 
psiCHECK2 luciferase reporters, as well as WT and MUT 
CXCR6 psiCHECK2 luciferase reporters. Transfection was 
performed using Lipofectamine 2000. At 48 h post‑trans‑
fection, the luciferase activity of each well was determined 
using a Dual‑luciferase reporter assay system (Promega 
Corporation) according to the manufacturer's protocol. The 
relative luciferase activity of each well was normalized to 
Renilla luciferase activity. 

Reverse transcription‑quantitative PCR (RT‑qPCR). Tissue 
specimens were ground into powder in liquid nitrogen prior to 
RNA extraction. Total RNA was isolated from tissue specimens 
and cells using TRIzol® reagent (Thermo Fisher Scientific, 
Inc.). Total RNA (200 ng) was reverse transcribed into cDNA 
using SuperScript III (Invitrogen; Thermo Fisher Scientific, 
Inc.) at 37˚C for 15 min. Subsequently, qPCR was performed 
using an ABI  PRISM  7500 Sequence Detection system 
(Thermo Fisher Scientific, Inc.) and SYBR Select Master mix 
(Thermo Fisher Scientific, Inc.). U6 or GAPDH were used as 
the internal reference genes. The following thermocycling 
conditions were used for qPCR: Initial denaturation at 95˚C 
for 5 min; followed by 40 cycles of 95˚C for 20 sec, 58˚C for 
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30 sec and 74˚C for 30 sec and a final extension step at 72˚C 
for 5 min. The primers used for qPCR were as follows: JPX 
forward, 5'‑TGC​AGT​CAG​AAG​GGA​GCA​AT‑3' and reverse, 
5'‑CAC​CGT​CAT​CAG​GCT​GTC​TT‑3'; miR‑197 forward, 
5'‑GTT​CAC​CAC​CTT​CTC​CAC‑3' and reverse, 5'‑GTG​CAG​
GGT​CCG​AGG​T‑3'; CXCR6 forward, 5'‑ATG​CCA​TGA​CCA​
GCT​TTC​ACT‑3' and reverse, 5'‑TTA​AGG​CAG​GCC​CTC​
AGG‑3'; Beclin1 forward, 5'‑TAG​GAT​CCA​TGG​AAG​GGT​
CTA​AGA​C‑3' and reverse, 5'‑GCG​AAG​CTT​TCA​TTT​GTT​
ATA​AAA​T‑3'; GAPDH forward, 5'‑GTC​GAT​GGC​TAG​TCG​
TAG​CAT​CGA​T‑3' and reverse, 5'‑TGC​TAG​CTG​GCA​TGC​
CCG​ATC​GAT​C‑3'; and U6 forward, 5'‑GCT​TCG​GCA​GCA​
CAT​ATA​CTA​AAA‑3' and reverse, 5'‑CGC​TTC​ACG​AAT​
TTG​CGT​GTC​AT‑3'. miRNA and mRNA expression levels 
were quantified using the 2‑ΔΔCq method (23). 

MTT assay. NCI‑N87 and MKN‑45 cells were re‑suspended 
in DMEM supplemented with 10%  FBS at a density of 
1x105  cells/ml. Cell suspension (100  µl) was added into 
96‑well plates for 0, 24, 48 or 72 h at 37˚C with 5% CO2. At 
each time point, 20 µl MTT solution (5 mg/ml; Sigma‑Aldrich; 
Merck KGaA) was added into each well for 4 h incubation 
at 37˚C. Subsequently, 150 µl DMSO was added to each well 
and the plated were gently agitated for 10 min at room temper‑
ature to dissolve the formazan crystal. The optical density of 
each well was measured at a wavelength of 490 nm using a 
microplate reader (Biotek Instruments, Inc.). 

Wound healing assay. The wound healing assay was 
performed to determine cell migration. Briefly, NCI‑N87 and 
MKN‑45 cells re‑suspended in DMEM supplemented with 1% 
FBS were inoculated into 6‑well plates (1 ml cell suspension 
per well; 1x105 cells/ml). Cells were incubated at 37˚C with 
5% CO2 for 24 h. Subsequently, a straight line was made 
through the center of each well using a 200 µl pipette tip. The 
residual liquid in each well was discarded and replaced with 
fresh DMEM supplemented with 10% FBS (24). Cells were 
incubated for 24 h at 37˚C with 5% CO2. The original wound 
width and wound width at 24 h was observed under a light 
microscope (magnification, x200) and analyzed using ImageJ 
software (version 1.48; National Institutes of Health).

Transwell experiment. NCI‑N87 and MKN‑45 cell inva‑
sion was assessed using Transwell chambers (pore size, 
8  µm; EMD  Millipore) precoated with 100  µl Matrigel 
(BD Biosciences) for 1 h at room temperature. Cells (5x104) 
were plated in the upper chamber with 200 µl serum‑free 
DMEM. Into the lower chamber, 600 µl DMEM containing 
10% FBS was plated. The upper chambers were pre‑coated 
with Matrigel for 1 h at room temperature. Following incuba‑
tion for 24 h at 37˚C with 5% CO2, the Transwell chamber 
was removed and cells remaining on the upper chamber were 
gently removed using a cotton swab. Invading cells were fixed 
with 4% formaldehyde and stained with 0.1% crystal violet, 
both for 20 min at room temperature. Invading cells were 
observed using a light microscope (magnification, x200) in 
five non‑overlapping random fields of view. 

Western blotting. Total protein was extracted from NCI‑N87 
cells using RIPA cell lysis (Thermo Fisher Scientific, 

Inc.) and quantified using a BCA kit (Thermo Fisher 
Scientific, Inc.). A total of 10 µg proteins were separated 
via 10% SDS‑PAGE and transferred to PVDF membranes, 
which were blocked with 5% skimmed milk for 2  h at 
room temperature. The membranes were incubated for 12 h 
at 4˚C with primary antibodies targeted against: CXCR6 
(1:1,000; cat.  no.  ab137134; Abcam), Beclin1 (1:1,000; 
cat. no. 3738; Cell Signaling Technology, Inc.), p62 (1:1,000; 
cat.  no.  88588; Cell Signaling Technology, Inc.), LC3B 
(1:1,000; cat. no. ab51520; Abcam; containing LC3‑I and 
LC3‑II) and GAPDH (1:1,000; cat.  no.  ab8245; Abcam). 
The membranes were washed three times with TBS‑0.1% 
Tween‑20 and subsequently incubated with horseradish 
peroxidase‑conjugated secondary antibodies (1:1,000; goat 
anti‑mouse IgG; cat. no. ab205719; and goat anti‑rabbit IgG; 
cat.  no.  ab205718; Abcam) for 2 h at room temperature. 
Proteins were visualized using an enhanced chemilumines‑
cence detection system (Amersham; Cytiva). Image‑Pro® 
Plus software (version 6.0; Media Cybernetics, Inc.) was 
used to quantify the protein expression.

Statistical analysis. All experiments were repeated three times 
independently. Data are presented as the mean ± SD. Statistical 
analyses were performed using SPSS software (version 19.0; 
IBM Corp). Comparisons between tumor and adjacent healthy 
tissue samples were performed using a paired Student's t‑test, 
while comparisons between the experimental and control 
groups were conducted using an unpaired Student's t‑test. 
Comparisons among multiple groups were analyzed using 
one‑way ANOVA followed by Tukey's test. Kaplan‑Meier 
survival curve analysis and the log‑rank test were conducted 
to analyze the overall survival rate of patients. Patients were 
divided into high and low groups, as determined by the mean 
expression value. The correlation between JPX and miR‑197 
expression in patients with GC was analyzed using Pearson's 
correlation analysis. P<0.05 was considered to indicate a 
statistically significant difference.

Results

High JPX expression and low miR‑197 expression in 
patients with GC indicates poor prognosis. TCGA analysis 
demonstrated significantly upregulated JPX expression and 
downregulated miR‑197 expression in patients with GC 
(Fig. 1A and B). Furthermore, JPX and miR‑197 expression 
levels were measured in clinical GC tissues and adjacent 
non‑tumor tissues. Consistently, the expression of JPX was 
significantly increased, whereas miR‑197 was decreased in 
GC tissues (Fig. 1C and D). JPX expression was also higher 
and miR‑197 expression was lower in GC cell lines (NCI‑N87 
and MKN‑45) compared with a normal gastric mucosa epithe‑
lial cell line (GES‑1; Fig. 1E and F). 

The Pearson's correlation analysis indicated that JPX 
and miR‑197 expression levels were moderately, negatively 
correlated in GC tissues (Fig. 1G). The Kaplan‑Meier analysis 
suggested that high JPX expression or low miR‑197 expres‑
sion in patients were associated with a shorter overall survival 
time (Fig. 1H and I). Therefore, the results demonstrated that 
high JPX expression and low miR‑197 expression in patients 
with GC indicated poor prognosis. 
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Knockdown of JPX inhibits GC cell activity, migration and 
invasion by promoting miR‑197 expression. The StarBase 
results indicated that JPX may bind to miR‑197 (Fig. 2A). The 
luciferase reporter gene assay further suggested that miR‑197 
overexpression significantly decreased the relative luciferase 
activity of WT JPX, but did not obviously alter the relative 
luciferase activity of MUT JPX (Fig. 2B). Moreover, miR‑197 
mimic significantly increased miR‑197 expression, but mark‑
edly decreased JPX expression in NCI‑N87 cells (Fig. 2C). 
RT‑qPCR indicated that the expression levels of JPX or 
miR‑197 were decreased in GC cells transfected with shJPX 
or miR‑197 inhibitor, respectively (Fig. 2D and E). Compared 
with the shNC group, the shJPX group had higher miR‑197 
expression levels. However, compared with the shJPX group, 
the shJPX + miR‑197 inhibitor group displayed significantly 
lower miR‑197 expression (Fig. 2F). The results indicated that 
JPX bound to miR‑197 and suppressed miR‑197 expression.

The shJPX group demonstrated lower cell viability 
at 72 h, a wider scratch width and decreased invasive abilities 
compared with the shNC group. However, compared with the 
shJPX group, the shJPX + miR‑197 inhibitor group had a 
higher cell viability at 72 h, a narrower scratch width and 
increased invasive abilities (Fig. 2G‑I). Therefore, the results 
suggested that JPX knockdown inhibited GC cell activity, 
migration and invasion by promoting miR‑197 expression.

miR‑197 inhibits CXCR6 expression and autophagy. StarBase 
predicted that miR‑197 possessed the binding site for 
CXCR6 (Fig. 3A). According to the luciferase reporter gene 
assay, miR‑197 overexpression significantly inhibited the rela‑
tive luciferase activity of WT CXCR6, but did not notably alter 

the relative luciferase activity of MUT CXCR6 (Fig. 3B). The 
miR‑197 mimic group had higher miR‑197 expression and lower 
CXCR6 expression (Fig. 3C). The western blotting results indi‑
cated that, compared with NC mimics, miR‑197 overexpression 
decreased CXCR6 expression, the ratio of LC3‑II/LC3‑I and 
Beclin1 protein expression levels, but increased p62 protein 
expression in NCI‑N87 cells (Fig. 3D and E).

miR‑197 decreases GC cell activity, migration and 
invasion by inhibiting CXCR6 and Beclin1 expression 
levels. The expression levels of CXCR6 and Beclin1 were 
significantly upregulated in NCL‑N87 cells transfected with 
pcDNA3.1/CXCR6 or pcDNA3.1/Beclin1  (Fig. 4A and B) 
Following miR‑197 mimic transfection, NCI‑N87 cells 
displayed markedly lower CXCR6 and Beclin1 expression 
levels. However, compared with the miR‑197 mimic group, the 
miR‑197 mimic + CXCR6 group displayed markedly higher 
CXCR6 expression and the miR‑197 mimic + Beclin1 group 
displayed higher Beclin1 expression (Fig. 4C and D). 

NCI‑N87 and MKN‑45 cell viability, migration and inva‑
sion were detected by performing CCK‑8, wound healing 
and Transwell assays, respectively. The miR‑197 mimic 
group displayed lower cell viability at 72 h, a wider scratch 
width and declined invasive abilities compared with the NC 
group  (Fig.  4E‑G). However, compared with the miR‑197 
mimic group, the miR‑197 mimic + CXCR6 and miR‑197 
mimic + Beclin1 groups had higher cell viability at 72 h, a 
narrower scratch width and increased invasive abilities. 
Therefore, the results indicated that miR‑197 inhibited GC 
cell activity, migration and invasion by inhibiting CXCR6 and 
Beclin1 expression levels.

Figure 1. High JPX expression and low miR‑197 expression in patients with GC indicates poor prognosis. (A) JPX and (B) miR‑197 expression levels in 
patients with GC were determined using TCGA analysis. (C) JPX and (D) miR‑197 expression levels in clinical GC tissues and adjacent non‑tumor tissues 
(n=32) were measured via RT‑qPCR. (E) JPX and (F) miR‑197 expression levels in GC cell lines (NCL‑N87 and MKN‑45) and normal gastric mucosa 
epithelial cell line (GES‑1) were analyzed using RT‑qPCR. (G) Based on data from TCGA, the correlation between JPX and miR‑197 expression in patients 
with GC was analyzed using Pearson's correlation analysis. (H) Kaplan‑Meier survival analysis revealed an association between JPX expression and overall 
survival rate of patients with GC. (I) Kaplan‑Meier survival analysis revealed an association between miR‑197 expression and overall survival rate of patients 
with GC. *P<0.05. GC, gastric cancer; TCGA, The Cancer Genome Atlas; miR, microRNA; JPX, long non‑coding RNA JPX transcript, XIST activator; 
RT‑qPCR, reverse transcription‑quantitative PCR.
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Discussion

The initiation and progression of human malignant tumors 
are associated with various factors, such as etiological factors, 

and genetic and epigenetic factors (25,26). As important tumor 
regulators, lncRNAs can regulate the development of tumors 
at the epigenetic, transcriptional and post‑transcriptional 
levels (27,28). At present, the main mechanisms underlying 

Figure 2. Knockdown of JPX inhibits the activity, migration and invasion of GC cells by promoting miR‑197 expression. (A) Starbase predicted the targeted 
binding site between JPX and miR‑197. (B) Luciferase reporter gene assay was used to confirm the relationship between JPX and miR‑197. (C) RT‑qPCR was 
performed to detect JPX and miR‑197 expression levels in NCL‑N87 cells. (D) RT‑qPCR identified the expression of JPX in NCL‑N87 and MKN‑45 trans‑
fected with shNC and shJPX. (E) RT‑qPCR demonstrated the expression of miR‑197 in NCL‑N87 and MKN‑45 transfected with NC inhibitor and miR‑197 
inhibitor. (F) miR‑197 expression in NCL‑N87 and MKN‑45 cells was assessed via RT‑qPCR. (G) Viability of NCL‑N87 and MKN‑45 cells was determined 
using a Cell Counting Kit‑8 assay. (H) Migration of cells was measured via a wound healing test (magnification, x200). (I) Invasion of cells was evalu‑
ated with Transwell assays (magnification, x200). *P<0.05. miR, microRNA; JPX, long non‑coding RNA JPX transcript, XIST activator; RT‑qPCR, reverse 
transcription‑quantitative PCR; NC, negative control; shRNA, short hairpin RNA; WT, wild‑type; MUT, mutant; OD, optical density.
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lncRNAs affecting the development of GC are generally as 
follows: Some lncRNAs promote GC cell proliferation by 
inducing cell cycle arrest and inhibiting apoptosis, thereby 
affecting the progression of GC  (29); moreover, several 
lncRNAs can inhibit or accelerate GC cell migration and inva‑
sion by affecting the epithelial‑mesenchymal transition (30); 
lncRNAs also serve as endogenous competitive RNAs, which 
compete with miRNAs for binding to target genes, thereby 
regulating the downstream signaling pathways and the 
progression of GC (31); and finally, lncRNAs can promote 
the progression of GC via autophagy, metabolic stress and 
hypoxia (15). The present study suggested that JPX served 
as an endogenous competitive RNA, which promoted GC 
progression by regulating CXCR6 expression and promoting 
autophagy via sponging miR‑197. To the best of our knowl‑
edge, the present study was the first to indicate that JPX served 
as a cancer‑promoting gene in GC. Therefore, JPX may be a 
novel potential target for the treatment of GC.

The present study demonstrated that miR‑197 was sponged 
and directly inhibited by JPX. Currently, the impact of miR‑197 
on the development of GC is not completely understood. 
Previous studies have investigated the effects of miR‑197 
on other human diseases. For instance, miR‑197 serves as a 
cancer‑promoting gene in bladder cancer, as indicated by the 
effect of miR‑197 overexpression enhancing bladder cancer 
cell invasion and migration (32). Chen and Yang (33) revealed 
that miR‑197‑3p expression was significantly elevated in 
lung adenocarcinoma, and miR‑197‑3p inhibition suppressed 
lung adenocarcinoma cell proliferation and enhanced cell 
apoptosis. By contrast, TCGA analysis in the present study 

indicated that miR‑197‑3p expression in patients with GC was 
downregulated. Therefore, suggesting that miR‑197‑3p served 
as a tumor suppressor gene in GC, as evidenced by miR‑197‑3p 
overexpression attenuating cell proliferation, migration and 
invasion. 

In the present study, the mechanism underlying 
miR‑197‑mediated inhibition of GC progression was suggested 
to occur via regulation of CXCR6 and autophagy. CXCR6 
was identified to be a downstream gene of miR‑197 and its 
expression was directly suppressed by miR‑197. CXCR6 is a 
chemokine receptor of CXCL16 (34). CXCR6 is abnormally 
upregulated in multiple tumor tissues and cells, and the 
expression of CXCR6 is increased with the severity of tumor 
malignancy  (35). In addition, CXCR6 has been reported 
to serve as a cancer‑promoting gene in human tumors. For 
example, Ma et al  (36) indicated that CXCR6 accelerated 
osteosarcoma cell proliferation and metastasis via the Akt 
signaling pathway. Gao  et  al  (37) also demonstrated that 
CXCR6 upregulation contributed to a proinflammatory tumor 
microenvironment, which lead to metastasis and poor prog‑
nosis in hepatocellular carcinoma. Moreover, Jin et al (38) 
reported that CXCR6 expression in GC tissues was aberrantly 
increased, which was markedly associated with lymph node 
metastases and advanced clinical stage. In vitro studies have 
revealed that CXCR6 overexpression enhances GC cell migra‑
tion and invasion (37). Li et al (39) also demonstrated that 
CXCR6 was significantly upregulated in patients with GC 
and GC cells. Moreover, the aforementioned study indicated 
that blocking CXCR6 signaling weakened GC cell migration 
and invasion. Consistent with the previous studies, the present 

Figure 3. miR‑197 directly inhibits CXCR6 expression and autophagy. (A) Starbase predicted the binding site between miR‑197 and CXCR6. (B) Luciferase 
reporter gene assay was conducted to investigate the relationship between miR‑197 and CXCR6. (C) miR‑197 and CXCR6 expression levels in NCL‑N87 
cells were assessed via reverse transcription‑quantitative PCR. (D) CXCR6, (E) LC3‑II, LC3‑I, Beclin1 and p62 protein expression levels were determined 
using western blotting. *P<0.05. miR, microRNA; JPX, long non‑coding RNA JPX transcript, XIST activator; NC, negative control; CXCR6, C‑X‑C motif 
chemokine receptor 6.
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findings also suggested that CXCR6 was a cancer‑promoting 
gene in GC. It was identified that CXCR6 overexpression in 
GC cells reversed the inhibitory effect of miR‑197 on GC cell 
proliferation, migration and invasion. 

Beclin1 and p62 are two important autophagy‑related 
proteins (40,41). Masuda et al (42) reported that autophagy 
was prominently associated with poor survival in patients 
with GC, especially for patients with stage I GC. Moreover, 

Figure 4. miR‑197 inhibits the activity, migration and invasion of GC cells by decreasing CXCR6 and Beclin1 expression levels. (A) CXCR6 and (B) Beclin1 
expression levels in NCL‑N87 cells were assessed using reverse transcription‑quantitative PCR. (C) CXCR6 and (D) Beclin1 expression levels were measured 
using western blot analysis. (E) Viability of NCL‑N87 and MKN‑45 cells was determined using a Cell Counting Kit‑8 assay. (F) Migration of NCL‑N87 and 
MKN‑45 cells was measured via wound healing test (magnification, x200). (G) Invasion of NCL‑N87 and MKN‑45 cells was evaluated using Transwell assays 
(magnification, x200). *P<0.05. miR, microRNA; JPX, long non‑coding RNA JPX transcript, XIST activator; NC, negative control; CXCR6, C‑X‑C motif 
chemokine receptor 6; OD, optical density.
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Geng et al (43) revealed that Beclin1 was upregulated in GC 
tissues and cells, and Beclin1 expression was an independent 
prognostic factor for patients with positive lymph node metas‑
tasis. Valencia et al (44) also observed that the expression of 
p62 was declined in the stroma of several tumors, and as an 
anti‑inflammatory tumor suppressor, p62 could inhibit tumor 
development by modulating the metabolism in the tumor 
stroma. In addition, low p62 expression is closely associated 
with poorer outcomes in patients with colorectal cancer, as 
patients with low p62 expression display the most aggressive 
tumor features (45). Thus, p62 is considered as a candidate 
for autophagy‑modulating therapies to treat tumors  (46). 
In the present study, miR‑197 overexpression decreased 
Beclin1 expression and increased p62 expression levels. 
Furthermore, Beclin1 overexpression reversed the inhibitory 
effect of miR‑197 on GC cell viability, migration and invasion. 
Therefore, miR‑197 may inhibit the development of GC by 
inhibiting autophagy. 

However, there are limitations in the current study. Firstly, 
10% FBS was used in the wound healing assay; however, cells 
should preferably be serum starved during wound healing 
assays. Secondly, all findings were based on in vitro assays; 
thus, in  vivo experiments should be considered in future 
studies to elucidate the role of JPX in GC.

In conclusion, the present study investigated the effects of 
JPX in GC development and the results suggested that JPX 
was a cancer‑promoting gene in GC. Regarding the underlying 
mechanism, JPX may promote the development of GC by regu‑
lating CXCR6 and enhance autophagy via inhibiting miR‑197. 
Therefore, JPX may serve as a novel therapeutic target for GC.
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