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Abstract: Background: The early diagnosis rate of gastric cancer (GC) is low. Further research on the mechanisms 
of gastric cancer occurrence and development and finding biomarkers for the invasion and metastasis of gastric 
cancer are of great significance for the prevention and treatment of gastric cancer. Objective: To screen the differ-
ential expressions of long chain noncoding RNA (LncRNA) related to gastric cancer and to explore new targets for 
the diagnosis and treatment of gastric cancer. Methods: The microarray data associated with gastric cancer were 
downloaded in Gene Expression Omnibus (GEO), the expression difference of long noncoding RNA was analyzed 
with R software, and gene annotation and clustering was performed in the DAVID database. The differences in gene 
expression were enriched in the signaling pathways and in the protein interaction network. GES-1, BGC-823 cells 
were cultured with 5 ng/ml TGF-β, with the aim of stimulating the cells and evaluating the changes in cell migration, 
proliferation, and invasiveness after establishing an epithelial-mesenchymal transition (EMT) cell model. E-cadherin, 
N-cadherin, and vimentin expression levels were detected by Western-blot, and LncRNA MT1JP was investigated by 
performing a qRT-PCR. The relationship between the epithelial-mesenchymal markers and the expression level of 
LncRNA MT1JP was analyzed using Spearman’s test. Results: The microarray GSE103236 involving 10 normal tis-
sues and 9 gastric cancer tissues was analyzed. Based on the data from the microchip, 65 differentially expressed 
genes including 40 up-regulated LncRNAs and 25 down-regulated LncRNAs were screened. The results of the gene 
enrichment analysis showed that most of the differentially expressed genes were enriched in the cell matrix and 
adhesion molecules (P<0.01). The cell proliferation, migration, and invasion abilities of GES-1, BGC-823 induced 
by TGF-β were significantly enhanced (P<0.01). In the TGF-β induced group, the expression levels of LncRNA MT1JP 
and E-cadherin were significantly decreased in the BGC-823 cell line. However, the expression levels of N-cadherin 
and vimentin were increased in the TGF-β induced EMT group (P<0.01). Conclusions: The expression of gastric can-
cer related LncRNA is different. Most LncRNAs may be associated with the process of gastric cancer invasion and 
metastasis. The low expression level of LncRNA MT1JP can promote the EMT process of gastric cancer cells. It may 
be a major target for the invasion and metastasis of gastric cancer. Additional exploration of its related mechanisms 
is expected, which could become a new target for the diagnosis and treatment of gastric cancer.
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Introduction

Gastric cancer (GC) is one of the most common 
malignancies worldwide [1]. Surgery is regard-
ed as the only treatment strategy that may be 
effective, but due to the lack of specific symp-
toms in early stages of gastric cancer, most 
patients are diagnosed in the advanced stages 
and lose the chance for a complete cure [2]. Al- 
though radiochemotherapy and targeted the- 
rapy have a high rate of successfully treating 

advanced gastric cancer, the ability to achieve 
early diagnosis is still the key to improving the 
prognosis of gastric cancer patients [3]. The 
occurrence of tumor invasion and metastasis is 
the main reason for gastric cancer recurrence, 
and it also affects the effectiveness of treat-
ment to a large extent [4]. Therefore, the in-
depth study of the mechanisms of the occur-
rence and development of gastric cancer is 
expected to improve the early diagnosis rate 
and the anti-tumor efficacy.
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Long noncoding RNA (LncRNA) is a member of 
the noncoding RNA family. Its length is usually 
larger than 200nt, less than 100 kb. Studies 
have confirmed that LncRNA not only partici-
pates in the regulation of the biological behav-
iors of normal cells, such as differentiation and 
growth, but it also plays a significant role in nor-
mal life activities. It also plays a crucial role in 
the development and progression of tumors, 
invasion, and metastasis [5]. The expression of 
long-chain noncoding RNA in tumor tissues and 
normal tissues has certain differences [6]. So- 
me LncRNAs are similar to oncogenes and are 
highly expressed in tumor tissues [7, 8] such  
as MALAT1, HOTAIR, etc., while some LncRNAs 
are functionally similar to tumor suppressor 
genes and show a low expression in tumor tis-
sues [9, 10] such as MEG3, LET, etc. Due to the 
heterogeneity among tumors, some LncRNAs 
have different expression levels in different 
tumors. For example, LncRNA BANCR is highly 
expressed in melanoma and low expressed in 
lung cancer tissues [11]. However, the relevant 
mechanisms of the LncRNA and EMT process-
es in gastric cancer are still unknown, but it has 
been determined that some long-chain non-
coding RNAs do participate in the gastric can-
cer EMT process [12].

At present, more studies have started to focus 
on the function of long-chain noncoding RNAs 
in the development of tumors. LncRNAs were 
previously considered to be biological “noise” 
or “junk” and have been re-recognized by res- 
earchers [13]. However, compared with miRNA 
research, the understanding of the biological 
behavior of LncRNA is still at an exploratory 
stage. However, the invasion and metastasis of 
malignant tumors and the EMT process are the 
result of multi-linkages of multiple molecules 
involved in cells, and the relevant mechanisms 
are complex and unclear [14]. Whether long-
chain non-coding RNA is regulated by EMT dur-
ing gastric cancer or whether it is affected by 
the expression of other genes, and how to de- 
termine which specific genes and molecules in- 
teract with each other are still unknown. Alth- 
ough existing studies provide ideas for under-
standing the function of LncRNA in the EMT of 
gastric cancer, with the continuous advance-
ment of biological technology, the emergence 
of more effective techniques and tools may be 
helpful for the further study of LncRNA, gastric 
cancer EMT, invasion, and metastasis. This st- 

udy intends to explore the role and possible 
regulatory mechanisms of long-chain non-cod-
ing RNA MT1JP in the EMT of gastric cancer by 
using bioinformatics technology and the func-
tional verification of cell experiments to provide 
new ideas for the early diagnosis of gastric can-
cer and the prognosis of gastric cancer.

Materials and methods

Chip data source

A computer search GEO database (https://www. 
ncbi.nlm.nih.gov/gds/) was utilized to search 
for gastric cancer-related chip data for long-
chain noncoding RNA expression levels. The 
search terms were: long nocoding RNA, long 
noncoding RNA, lncRNA, gastric cancer, stom-
ach cancer, gastric neoplasm, and finally data 
analysis based on GSE 103236 chip original 
data and platform information (GPL4133, pub-
lished on August 30, 2017). GSE 103236 con-
tains 19 samples, including 10 normal tissues 
of gastric mucosa and 9 tissues of gastric ca- 
ncer.

Differential gene screening

The original data of the GSE103236 chip we 
obtained is a TXT format file, which we import-
ed into the GEO2R (https://www.ncbi.nlm.nih.
gov/geo/geo2r/) online system for chip quality 
evaluation. The R software was used to retrieve 
the “limma” package for differential gene scr- 
eening. Differential gene screening conditions 
were set to: the expression multiple was more 
than 2.5 times and the statistical p value was 
≤0.03. Gene expression status was distingu- 
ished by the positive/negative value of the log 
fold change (logFC), where positive values rep-
resent up-regulated expression and negative 
values represent down-regulated expression.

Gene GO analysis and signal pathway enrich-
ment analysis

The differential genes obtained from the scr- 
eening were genetically annotated and clus-
tered on the DAVID online website (https://da- 
vid.ncifcrf.gov/home.jsp). The GO analysis was 
based on three levels: biological Processes 
(BP), molecular functions (MF), and cell compo-
nents (CC). A volcano figure was generated and 
heat maps were used to describe the expres-
sion levels and classifications of the differential 
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genes. Differential gene names were imported 
into DAVID’s third-party website for the analysis 
of the gene signaling pathways (KEGG).

Differential gene protein interaction analysis

Differential gene names were imported into the 
STRING online tool (https://string-db.org/) for a 
protein-protein interaction analysis (PPI), and 
the protein interaction maps were generated 
based on the differences in gene enrichment.

Cell culture

Normal gastric mucosal epithelial cell GES-1 
and gastric cancer cell line BGC823 (low differ-
entiation) were purchased from the Chinese 
Academy of Sciences Cell Bank (Shanghai, Ch- 
ina). These cells were cultivated in DMEM sup-
plemented with 10% fetal calf serum. The cul-
ture conditions were: 37°C, 5% CO2, saturated 
humidity.

MTT proliferation assay

One hundred microliters of cell suspension with 
a concentration of 1.5×105 cells/ml was inocu-

hours. The number of cells passing through the 
membrane in the field of 5 high-power micro-
scopes was counted, and the number of cells 
permeating the membrane in each high-pow-
ered microscope field was finally determined. 
The number of cells passing through the mem-
brane was used to evaluate the gastric epithe-
lial cells and the invasive ability of the tumor 
cells.

Wound healing assay

GES-1 and BGC-823 cells with a cell density of 
5×104 cells/ml were seeded in 6-well plates, 
and each well was scratched 24 hours after  
the disinfection of the ruler. After the scratches 
were completed, they were rinsed with prepa- 
red PBS. FBS-containing DMEM was added to 
each well and placed in the incubator for fur-
ther incubation.

RNA extraction and qRT-PCR analysis

Total RNA was extracted from the cells using 
Trizol (Takara, Dalian, China). Reverse transcrip-
tion of the total RNA from the sample of cDNA 
was performed using the PrimeScript RT rea- 

Figure 1. GSE103236 chip quality evaluation.

lated into a 96-well plate, 
20 μl MTT solution was ad- 
ded for 2 h at a concentra-
tion of 5 mg/L, and then DM- 
SO 200 μl was added for 10 
minutes, and the plate rea- 
der was set at a wavelength 
of 490 nm. The absorbance 
(A) value of each well was 
measured, and the cell sur-
vival rate of each group was 
calculated.

Invasion assay

The transwell chamber was 
placed in a 24-well plate. 
After that, 500 μL of DMEM 
medium containing 10% fe- 
tal bovine serum was added 
to the lower layer of the tr- 
answell chamber. After 24 
to 48 hours of incubation, 
the transwell chamber was 
removed, fixed with parafor-
maldehyde, and stained wi- 
th crystal violet fuel to dry 
at room temperature for 2 
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Table 1. Differentially expressed genes

Gene name logFC t P. value B Expression 
type

TREM2 3.5184 10.6028 5.24E-10 12.0823 Up

COL10A1 6.0841 9.5351 3.50E-09 10.5260 Up
KIAA1199 4.9871 8.0656 6.03E-08 8.1018 Up
CTHRC1 3.3432 7.8500 9.38E-08 7.7172 Up
SALL4 4.2045 7.8450 9.48E-08 7.7081 Up
HOXC9 3.9205 7.2229 3.51E-07 6.5553 Up
TNFRSF11B 2.5253 6.6368 1.26E-06 5.4122 Up
INHBA 4.0764 6.4684 1.84E-06 5.0740 Up
SDS 3.2009 6.4331 1.99E-06 5.0026 Up
COL1A1 2.8228 6.2091 3.30E-06 4.5448 Up
SPHK1 2.6137 6.0681 4.56E-06 4.2530 Up
KRT80 3.8673 5.9807 5.57E-06 4.0708 Up
F12 2.7550 5.9347 6.20E-06 3.9743 Up
ETV4 2.9119 5.7937 8.59E-06 3.6773 Up
TNFRSF12A 2.6818 5.6512 1.20E-05 3.3745 Up
ONECUT2 4.3326 5.6146 1.30E-05 3.2963 Up
CLDN1 3.6588 5.5285 1.60E-05 3.1117 Up
IL11 3.5593 5.4353 1.99E-05 2.9111 Up
FAP 3.4693 5.3149 2.64E-05 2.6504 Up
FLJ39632 3.2109 5.2468 3.11E-05 2.5024 Up
MMP11 3.3208 5.2390 3.16E-05 2.4854 Up
SLC4A11 2.9594 5.1976 3.49E-05 2.3951 Up
CLDN4 3.6157 5.0372 5.12E-05 2.0441 Up
KRT17 4.4471 5.0117 5.44E-05 1.9879 Up
APOC1 3.2446 4.9928 5.69E-05 1.9465 Up
CKMT2 -3.8748 -8.2137 4.47E-08 8.3617 Down
FIGF -4.2692 -7.7033 1.27E-07 7.4510 Down
LIFR -2.5271 -6.6761 1.16E-06 5.4906 Down
APOBEC2 -3.8317 -6.5342 1.59E-06 5.2068 Down
SCARA5 -4.2081 -6.2020 3.36E-06 4.5302 Down
PLCXD3 -2.6867 -6.0749 4.49E-06 4.2671 Down
GPER -3.1642 -5.9834 5.54E-06 4.0764 Down
MYOC -5.4140 -5.8472 7.59E-06 3.7903 Down
MAL -3.6087 -5.8202 8.08E-06 3.7333 Down
C16orf89 -3.3517 -5.7533 9.43E-06 3.5918 Down
RERGL -2.5583 -5.6865 1.10E-05 3.4498 Down
PLP1 -2.9515 -5.3954 2.18E-05 2.8249 Down
MT1E -2.6774 -5.2734 2.92E-05 2.5603 Down
PI16 -3.5027 -5.1692 3.73E-05 2.3331 Down
DPT -3.1734 -5.1167 4.23E-05 2.2183 Down
LGI1 -2.5387 -5.1133 4.27E-05 2.2109 Down
CCKBR -3.6775 -4.8688 7.66E-05 1.6731 Down
TTR -3.5670 -4.8460 8.09E-05 1.6228 Down
CKB -2.5323 -4.6818 0.000120133 1.2593 Down
LYVE1 -2.6857 -4.6392 0.000133139 1.1647 Down
NPY -2.6488 -4.6200 0.000139448 1.1221 Down
ESRRG -3.4429 -4.4822 0.000194527 0.8156 Down
DRD5 -3.4612 -4.4540 0.000208265 0.7528 Down
PPP1R1A -3.3649 -4.4045 0.00023473 0.6426 Down
MT1JP -2.5498 -4.3580 0.000262683 0.5391 Down

gent kit along with a gDNA eraser 
kit (Takara, Dalian, China). Using 
the cDNA obtained by reverse tran-
scription as a template, gene ampli-
fication was performed using a 
Light Cycler® Nano (Roche) fluores-
cence quantitative PCR machine, 
and relative quantification was per-
formed using the SYBR® Select 
Master Mix. Using the housekeep-
ing gene β-actin as an internal ref-
erence, the expression level of 
LncRNA MT1P was quantified using 
the ΔCt value.

Western blotting analysis

The cells were lysed with a RIPA 
lysate containing a phosphoprotein 
cocktail inhibitor. The cells were 
completely lysed and centrifuged 
under the following conditions: 4°C 
12000 rpm 20 min. The protein 
samples were separated with 10% 
SDS-polyacrylamide, electrophore- 
sed on a gel and transferred to a 
0.22 μm PVDF membrane. After the 
membrane was completed, it was 
blocked with 5% nonfat milk. We 
incubated the primary antibody for 
1 hour at room temperature and 
placed it in a 4°C freezer overnight. 
We incubated at room temperature 
for another 1 hour and wash it 
extensively. The membrane was 
subsequently placed in a second-
ary antibody and incubated for 2 
hours at room temperature.

Statistical analysis

SPSS 17.0 software was used for 
the statistical analysis, and Graph- 
Pad Prism 6 software was used for 
the statistical chart making. The 
data were expressed as the mean 
± SD, and the measurement data 
included a t test, the two classified 
variables used a chi-squared test, 
and the correlation between them 
was analyzed using Spearman’s 
correlation analysis. The test level 
was 0.05, and the difference was 
considered statistically significant 
when P<0.05.
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Results

Chip quality evaluation

The GSE103236 chip included 10 normal gas-
tric mucosal tissues and 9 gastric cancer tis-
sues. The quality evaluation results showed 
that the gastric cancer tissues and the normal 
gastric mucosa tissues did not show significant 
bias in the process of total RNA extraction and 
chip analysis, and there was no significant dif-
ference in the mean levels between the two 
groups (Figure 1).

Differential genetic screening

According to the expression multiples of 2.5 
times and the statistical P≤0.03, the microar-

ray differentially expressed genes were scre- 
ened. Finally, 65 differential genes were 
screened, of which 40 were up-regulated and 
25 were down-regulated. The up-regulation and 
down-regulation of differentially expressed 
genes were sorted by expression ratio and 
p-value, and the up-regulated expression of the 
top 25 were: TREM2, COL10A1, KIAA1199, 
CTHRC1, SALL4, HOXC9, TNFRSF11B, INHBA, 
SDS, COL1A1, SPHK1, KRT80, F12, ETV4, 
TNFRSF12A, ONECUT2, CLDN1, IL11, FAP, 
FLJ39632, MMP11, SLC4A11, CLDN4, KRT17, 
APOC1; the down-regulated expression of the 
top 25 were: CKMT2, FIGF, LIFR, APOBEC2, 
SCARA5, PLCXD3, GPER, MYOC, MAL, C16- 
orf89, RERGL, PLP1, MT1E, PI16, DPT, LGI1, 
CCKBR, TTR, CKB, LYVE1, NPY, ESRRG, DRD5, 

Figure 2. Volcano map of differentially expressed genes.
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PPP1R1A, MT1JP (Table 1). The differentially 
expressed gene volcano map is shown in Figure 
2, and the cluster analysis is shown in Figure 3.

Gene GO analysis results

According to the different levels of gene expres-
sion regulation, the up-regulation and down-
regulation genes were separately analyzed 
using a GO analysis. The results showed that 
the up-regulated genes were involved in the 
positive regulation of signal transduction and 
cell proliferation regulation at the BP level, and 
they were involved in the extracellular space 
substance regulation at the CC level. And the 

cell junctions regulated the serine endopepti-
dase activity and structural molecule activity at 
the MF level; the downregulated genes partici-
pated in the ion balance and neural system 
development at the BP level, and participated 
in the extracellular space substance regulation 
at the CC and MF levels in the regulation of 
receptor activity. The gene GO analysis in Table 
2 shows that regardless of the up-regulation or 
down-regulation of the expression genes, they 
are all involved in the regulation of extracellular 
space substance expression at the CC level. 
The occurrence and development of gastric 
cancer involves the epithelial-mesenchymal 
transition process. It is associated with the  

Figure 3. Cluster analysis diagram of differentially expressed genes.
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differential expression of epithelial phenotypic 
markers, such as the CDH3 gene.

Key gene pathway enrichment analysis

The key signal pathways involved in the differ-
ential gene KEGG enrichment analysis are: ① 
cell adhesion molecules (CAMs), of which the 
related genes are CDH3, CLDN1, CLDN4, and 
CLDN7; ② extracellular matrix (ECM) receptor 
interaction, and the related genes there are 
COL1A1, SPP1, and THBS2; ③ leukocytes by 
endothelial migration, and the related genes 
are CLDN1, CLDN4, and CLDN7; ④ arginine 
and proline metabolism, and the related genes 
are: CKB and CKMT2. The key pathway enrich-
ment results of the KEGG differentially expre- 
ssed genes are shown in Table 3.

Protein interaction network analysis

The differentially expressed genes were import-
ed into the STRING online website for PPI analy-
sis. The results of the PPI analysis of 40 up-
regulated genes showed that they focused on 
the formation of three major gene accumula-
tion regions: ① Aggregation areas with SMAD2, 

BMP7, SOX2, LEFTY2, ACVR2A, ACVR2B, BMP2, 
NANOG, and POU5F1 as the core; ② With CO- 
L10A1, COL3A1, COL5A2, P4HA3, LUM, COL- 
6A3, COL1A2, and COL1A1 as the core of the 
aggregation; ③ CYBB, NCF4, NOX1, NCF1, CY- 
BA, NCF2, and NOX4 as the core of the aggre-
gation area. Twenty-five down-regulated PPIs 
were analyzed to form two aggregation areas: 
① Aggregation areas with NPS, GCG, GAST, 
CCK, NPY, POMC, DRD5, CRH, CCKAR, CCKBR 
genes as the core; ② With FLT4, FIGF, VEGFA, 
and NRP1, the LYVE1, VEGFC, KDR, and CDH5 
genes are the core aggregation regions (Figures 
4 and 5).

TGF-β promotes the proliferation of GES-1 and 
BGC-823 cells

The GES-1 and BGC-823 cells were induced 
with TGF-β at a final concentration of 5 ng/ml, 
and the OD values of each well at 0 h, 12 h, 24 
h, 48 h, and 72 h after TGF-β induction were 
measured using an MTT assay. The survival 
rate of cells was calculated as shown in Figure 
6A and 6B, suggesting that the proliferation of 
the GES-1 and BGC-823 cells was significantly 
increased, and the growth rate was increased 

Table 3. KEGG analysis results
Category Term Genes Count
KEGG_PATHWAY cfa04514: Cell adhesion molecules (CAMs) CDH3, CLDN1, CLDN4, CLDN7 4
KEGG_PATHWAY cfa04512: ECM-receptor interaction COL1A1, SPP1, THBS2 3
KEGG_PATHWAY cfa04670: Leukocyte transendothelial migration CLDN1, CLDN4, CLDN7 3
KEGG_PATHWAY cfa00330: Arginine and proline metabolism CKB, CKMT2 2

Table 2. Differential gene GO analysis
Expression Category Term Count P Value Genes
Up-regulation GO_BP GO: 0009967~positive regulation of signal 

transduction
12 4.61E-06 NOX4, TNFRSF11B, TNFRSF12A, CDH3, COL1A1, 

ESM1, INHBA, IL11, SFRP4, SPHK1, SULF1, 
TREM2

GO_BP GO: 0042127~regulation of cell proliferation 12 6.10E-06 ETV4, NOX4, TNFRSF11B, CDH3, CTHRC1, ESM1, 
FAP, INHBA, IL11, SFRP4, SPHK1, SULF1

GO_CC GO: 0005615~extracellular space 10 3.88E-04 TNFRSF11B, APOC1, F12, CTHRC1, COL1A1, FAP, 
INHBA, SFRP4, SPP1, SULF1

GO_CC GO: 0030054~cell junction 7 0.0084 CDH3, CLDN1, CLDN4, CLDN7, FAP, TNS4, TGM2

GO_MF GO: 0004252~serine-type endopeptidase 
activity

4 0.0045 F12, FAP, KLK10, PRSS22

GO_MF GO: 0005198~structural molecule activity 6 0.0064 CLDN1, CLDN4, CLDN7, COL1A1, KRT17, KRT80

Down-regulation GO_BP GO: 0050801~ion homeostasis 6 4.99E-04 CCKBR, CKB, MT1E, MYOC, SCARA5

GO_BP GO: 0042552~myelination 3 0.0050 MAL, MYOC, PLP1

GO_BP GO: 0007399~nervous system development 7 0.0168 CKB, CKB, LGI1, MA, MYOC, NPY, PLP1

GO_CC GO: 0005615~extracellular space 7 0.0010 CKB, DPT, LGI1, MYOC, NPY, TTR

GO_CC GO: 0044421~extracellular region part 10 0.0072 CKB, DPT, LGI1, LIFR, LYVE1, MYOC, NPY, PI16, TTR

GO_MF GO: 0004872~receptor activity 6 0.0436 CCKBR, DRD5, ESRRG, LIFR, LYVE1, SCARA5
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after the TGF-β treatment, which was signifi-
cant at 48 h and 72 h (P<0.01).

TGF-β enhances the migration of BGC-823 
Cells

At 12 h, 24 h, 48 h and 72 h after scratching, 
the number of cells that migrated to the scr- 
atches and the cell morphology were observed. 
As shown in Figure 7A, no obvious changes 
were observed in the cells at the scratches of 
the BGC-823 cells at 12 h. At 48 h, the scratch-
es on the cells gradually became narrower, and 
the distance between the scratches gradually 
decreased, and the cells broke the scratch line 
toward the scratches. Growing: In the TGF-β-
induced cell group, the cells grew faster toward 
the scratch and the trend was more prono- 
unced. The trend of cell scratches is shown in 
Figure 7B. There was a statistically significant 
difference between the groups at 48 h and 72 
h (P<0.05).

TGF-β increases the invasive ability of BGC-
823 cells

A transwell assay was used to evaluate the 
invasion and metastasis ability of the cells. 
TGF-β induced the cells 24 h after inoculation 
in the transwell chamber, and we incubated 
them for 48 hours, then we fixed, stained, and 
counted the number of cells passing through 
the chamber, and continuously counted the 
number of cells in the 5 high-power fields, and 
obtained the average The value is the average 
number of cells passing through the cell. Figure 
8 shows that the invasion and metastasis of 
the GES-1 and BGC-823 cells stimulated by 
TGF-β were significantly enhanced. At 48 h, the 
number of cells transfected with TGF-β through 
the chamber was smaller than the number of 
untreated cells. The number of cells was signifi-
cantly increased and the difference was statis-
tically significant (P<0.01).

Figure 4. PPI network diagram of up-regulated genes.
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Changes in expression levels of EMT-related 
markers

The Western-blot method was used to detect 
the expression of epithelial stromal phenotype 
markers in the GES-1 and BGC-823 cells. The 
results showed that E-cadherin was up-regu- 
lated in the BGC-823 cells, the N-cadherin and 
vimentin proteins were down-regulated, and 
E-cadherin was down-regulated in the TGF-β-
induced BGC-823 cells, and the N-cadherin 
and vimentin proteins were up-regulated. After 
analyzing the relative expression levels, the 
results showed that the difference was stati- 
stically significant (P<0.05), as shown in Figure 
9.

LncRNA MT1JP expression level

The expression levels of LncRNA MT1JP in the 
GES-1, GES-1 TGF-β, BGC-823, and BGC-823 
TGF-β cells was determined by RT-PCR. The re- 
sults showed that the expression level of Lnc- 

re analyzed by Spearman’s correlation. The 
results showed that the expression of LncRNA 
MT1JP was positively correlated with the ex- 
pression of E-cadherin (r=0.7403, P<0.0001) 
and negatively correlated with the expression  
of N-cadherin (r=0.7202, P<0.0001) and vimen-
tin (r=0.9537, P<0.0001). As shown in Figure 
11.

Discussion

GC is currently the fifth most common malig-
nancy in the world. There were approximately 
95,160 new cases in 2012 [15]. Despite the 
decreasing mortality rate in recent years, GC is 
still the third leading cause of cancer-related 
death [13]. However, currently available tumor 
markers such as CEA and CA-199 have low sen-
sitivity and specificity when used in the diagno-
sis of gastric cancer, which cannot meet the 
clinical needs well and pose certain challenges 
for the early diagnosis of gastric cancer [16]. 
Therefore, it is necessary to further explore the 

RNA MT1JP was significan- 
tly lower in the TGF-β-induc- 
ed cell group than it was in 
the uninduced cell group, 
and the difference was mo- 
st pronounced in the BGC-
823 cell group (P<0.01), 
suggesting that a low ex- 
pression of LncRNA MT1JP 
may promote the invasion 
of gastric cancer cells. And 
transfer (Figure 10).

Analysis of the relation-
ship between the expres-
sion levels of the LncRNA 
MT1JP and EMT markers

In order to further clarify 
the intrinsic relationship be- 
tween LncRNA MT1JP exp- 
ression and epithelial mes-
enchymal phenotypic mark-
er expression, it is suggest-
ed that there may be poten-
tial regulatory roles betwe- 
en the two, based on the 
LncRNA MT1JP PCR detec-
tion results and Western-
blot detection The expres-
sion levels of E-cadherin, N- 
cadherin, and vimentin we- 

Figure 5. PPI network diagram of 
down-regulated genes.
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Figure 8. Transwell experimental results: A. The effect of TGF-β on the invasive ability of BGC-823 cells; B. A com-
parison of the number of cells passing through the transwell cell.

Figure 6. MTT assay results: A. The growth promoting effect of TGF-β on GES-1 cells; B. The growth promoting effect 
of TGF-β on BGC-823 cells.

Figure 7. Cell scratch test results: A. The effect of TGF-β on the migration of BGC-823 cells; B. Changes in the scratch 
width of the cells in each group.



Pathophysiology of GC

4610 Int J Clin Exp Med 2019;12(5):4600-4613

molecular mechanisms involved in the occur-
rence and development of gastric cancer to  
create more opportunities for its diagnosis and 
treatment. 

Long-chain noncoding RNAs are a group of 
RNAs over 200 nt in length and lacking an  
open reading region. Compared to mRNAs, 
LncRNAs can be found in various parts of the 
nucleus and cytoplasm, and their expression 
folds in cells are lower than mRNAs [17]. With 
the development and popularization of gene 
high-throughput technology and the continuous 
update of gene chip technology, more LncRNAs 
have been recognized. Up to now, about 1,000 
LncRNAs have been identified and found to be 
involved in tumor invasion and metastasis. Wait 
for each step [18]. The study found that some 
LncRNAs have a high clinical value as a sero-
logical marker for the early diagnosis of gast- 
ric cancer. Disorders of LncRNA expression are 

closely connected with the pathogenesis and 
prognosis of gastric cancer. The expression le- 
vel of the LncRNA may indicate the disease’s 
outcome in gastric cancer patients. LncRNA 
HOTAIR, GHET1, etc. show a high expression  
in gastric cancer tissues, so the overall survival 
of these patients is relatively poor [19]. The 
expression levels of other LncRNAs were found 
to be related to the clinicopathological features 
of gastric cancer patients, such as LINC00152 
[20]. In addition to the application of LncRNA  
to the diagnosis and prognosis of gastric can-
cer patients, some long-chain noncoding RNAs 
can serve as targets for the treatment of gas-
tric cancer [21]. Liu et al. [22] reported the 
LncRNA MT1JP for the first time. After detect- 
ing the expression of LncRNA MT1JP in 76  
pairs of gastric cancer tissues and paracancer-
ous tissues, it was found that it showed a low 
expression in tumor tissues and participated in 
the cell cycle, apoptosis and cell proliferation 
and other processes. When the expression of 
LncRNA MT1JP is downregulated, the expres-
sion of the p53 gene is also down-regulated, 
which in turn promotes cell deterioration and 
tumor formation. These findings suggest that 
LncRNA MT1JP is essential for the mainte-
nance of the normal life activities of cells, but 
whether long-chain non-coding RNA MT1JP is 
involved in the invasion and metastasis of gas-
tric cancer and related mechanisms still needs 
to be further explored.

In this study, biological information mining was 
used to analyze the data of the existing gene 
chips, and the data (such as LncRNAs, etc.) 
that the authors were not interested in were re-

Figure 9. Changes in the expression levels of the EMT related markers.

Figure 10. Relative expression levels of LncRNA 
MT1JP.
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examined. Affymetrix Human Exon 1.0 ST array 
contains approximately 6.5 million indepen-
dent gene probes designed throughout the 
entire length of the gene and linked to the 3 
ends, providing a good platform for the study  
of long-chain non-coding RNAs [23]. This stu- 
dy used the above platform and applied R  
software to call the relevant bioinformatics 
analysis software package. A total of 65 differ-
entially expressed LncRNAs were screened  
out, of which 40 were up-regulated and 25 
were down-regulated. Although these long-ch- 
ain non-coding RNAs can be annotated by the 
DAVID website, their related functions and the 
molecular mechanisms involved are not yet 
clear. At the same time, in this study, GES-1 and 
BGC-823 cells were cultured and the cells were 
stimulated with TGF-β at a concentration of 5 
ng/ml to establish the EMT cell model and eval-
uate the changes in cell proliferation, migration 
and invasiveness. WB technology was used to 
detect cells. The expression levels of E-cadhe- 
rin, N-cadherin, and vimentin were detected by 
qrt-PCR, and a correlation analysis was used to 
evaluate the relationship between the expres-
sion of LncRNA MT1JP and the expression of 
LncRNA MT1JP. The experimental data showed 
that LncRNA MT1JP was lowly expressed in 
gastric cancer cells and highly expressed in ga- 
stric mucosal epithelial cells. The proliferation 
and invasion of the GES-1 and BGC-823 cell 
lines were significantly enhanced by TGF-β-
induced EMT. The expression of LncRNA MT1JP 
was significantly decreased, and the expres-
sion level of E-cadherin was significantly de- 
creased in TGF-β induced BGC-823 cells (P< 
0.01). However, the expression of N-cadherin 
and vimentin increased significantly (P<0.01).  
It suggests that a low expression level of Lnc- 
RNA MT1JP may promote the EMT process of 
gastric cancer cells.

At present, the clinical application of LncRNA  
is still more limited, and the biological function 
of long-chain noncoding RNA is not yet clear, 
and LncRNA is diverse in its transcription level 
and post-transcriptional modification, and it is 
also difficult to detect at different stages of the 
disease [24]. Although it has been found that 
the expressions of certain lncRNAs are relat- 
ed to the occurrence and development of gas-
tric cancer, their clinical application value still 
needs further investigation. All of the above 
problems have led to the limitations of long-
chain non-coding RNAs in the diagnosis and 
prognostic evaluation of gastric cancer as mo- 
lecular markers. However, as more research is 
carried out, lncRNA and its related target ge- 
nes are expected to become novel molecular 
markers for the diagnosis of gastric cancer, its 
postoperative prognosis, and molecular target-
ed therapy.

It can be concluded that LncRNA MT1JP’s low 
expression level may promote the EMT process 
of gastric cancer cells, LncRNA may play an 
inhibitory role in the invasion and metastasis of 
gastric cancer, the high expression of LncRNA 
MT1JP may be an effective way to curb the 
occurrence and development of gastric cancer, 
but the precise mechanisms of these actions 
need further study.
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