
4746

Abstract. – OBJECTIVE: The aim of this study 
was to explore the characteristics of long non-
coding RNA (lncRNA) NR027113 in gastric carci-
noma, and to further investigate whether it could 
promote the development of gastric carcinoma 
via epithelial mesenchymal transition (EMT) sig-
naling pathway.

PATIENTS AND METHODS: Quantitative Re-
al-time polymerase chain reaction (qRT-PCR) 
was performed to analyze the expression of 
NR027113 in 68 paired of gastric carcinoma 
and para-carcinoma tissues. Subsequently, 
the relationship between NR027113 expression 
and clinical indexes of gastric carcinoma as 
well as the prognosis of patients was analyzed. 
NR027113 expression in gastric carcinoma cells 
was detected by qRT-PCR as well. NR027113 
knockdown model was constructed by lenti-
virus transfection in gastric carcinoma cells 
(including AGS and SGC-7901). Meanwhile, the 
effects of NR027113 on the biological functions 
of gastric carcinoma cells were analyzed by cell 
counting kit-8 (CCK-8), wound healing, transwell 
invasion and migration assay, respectively. Fur-
thermore, the correlation between NR027113 
and EMT signaling pathways was studied.

RESULTS: QRT-PCR results showed that the 
expression level of NR027113 in gastric carcino-
ma tissues was significantly higher than that of 
para-carcinoma tissues. Compared with patients 
with low expression of NR027113, the incidence 
of lymph node metastasis and distant metastasis 
was significantly higher in patients with high 
NR027113 expression. Meanwhile, the survival 
rate of patients with low NR027113 expression 
was significantly lower. Compared with control 
group, the invasion and migration abilities of 
cells in NR027113 knockdown group were signifi-
cantly decreased. Subsequent qRT-PCR results 
demonstrated that the expression of EMT sig-
naling pathway-related proteins was significantly 
changed after transfection of sh-NR027113. The 
above finding indicated that NR027113 could in-
hibit the malignant progression of gastric car-
cinoma. Moreover, the addition of transforming 

growth factor-β (TGF-β) cytokines synergistically 
promoted the malignant progression of gastric 
carcinoma with NR027113.

CONCLUSIONS: NR027113 expression was 
significantly increased in gastric carcinoma. 
Meanwhile, it was positively correlated with 
lymph node metastasis, distant metastasis and 
poor prognosis of gastric carcinoma patients. 
Furthermore, NR027113 could accelerate the in-
vasion and migration abilities of gastric carcino-
ma cells via EMT signaling pathway.
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Introduction

Gastric carcinoma is a high-risk gastrointes-
tinal malignant tumor around the world. Its inci-
dence rate and mortality rate rank the fourth and 
second among all cancers, respectively. Mean-
while, gastric carcinoma remains the major threat 
to human health, bringing huge economic and 
medical burden1,2. In China, about 400,000 new 
cases occur every year, accounting for about half 
of the total number of patients worldwide. Statis-
tics have reported that its mortality rate ranks the 
second in females, only after gastric carcinoma 
and also ranks the second in males, only after 
lung cancer3,4. Previous studies have indicated 
that the pathogenic factors of gastric carcinoma 
are various, and the development process is com-
plicated. Smoking, long-term consumption of 
fried and high-salt and high-fat food, and chronic 
infection of Helicobacter pylori are considered 
as significant risks for gastric carcinoma3,4. Most 
patients are not diagnosed until the middle and 
late stages due to various reasons. For example, 
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early symptoms of gastric carcinoma are insidi-
ous, and the invasion and metastasis may develop 
quickly. The invasiveness of gastroscopy limits 
its application to a certain extent. Meanwhile, the 
sensitivity and specificity of existing serological 
tumor indicators are not high. All the above char-
acteristics lead to poor prognosis and relatively 
short survival period of patients with gastric car-
cinoma5-8. Therefore, studying the mechanism of 
the incidence and development of gastric carci-
noma and looking for novel tumor markers are of 
great significance for early diagnosis, treatment 
and prognosis monitoring of patients. This may 
also be helpful for finding new therapeutic targets 
for gastric carcinoma9,10. The Human Genome 
Project has shown that genes that encode proteins 
account for only 2% of the entire genome. The re-
maining 98% of the genes are known as non-cod-
ing RNAs. Depending on the length of nucleo-
tide sequence, non-coding RNA can be divided 
into short non-coding RNA and long non-coding 
RNA (lncRNA)11, 12. LncRNA refers to a subclass 
of RNAs with no less than 200 nucleotides in 
length, which lack open reading frames and do 
not encode proteins13-15. Recently, more and more 
studies have confirmed that lncRNA participates 
in the normal growth and development and phys-
iological processes of organisms via various bio-
logical processes, such as selective splicing, RNA 
transcription and degradation, and epigenetic 
modification. Meanwhile, lncRNA also plays an 
important role in the occurrence and development 
of multiple diseases15,16. Previous studies have 
suggested that NR027113 promotes the develop-
ment of some human tumors. However, the spe-
cific mechanism remains elusive. Furthermore, 
the exact role of NR027113 in gastric carcinoma 
is still unknown17. High invasiveness and metas-
tasis are one of the main features of gastric car-
cinoma. The above process involves changes in 
multiple gene expression and regulation of mul-
tiple signal transduction pathways18,19. Epithelial 
mesenchymal transition (EMT) is reported as one 
of the key mechanisms of invasion and metasta-
sis20,21. The triggering of EMT is usually accom-
panied by changes in cell morphology and mo-
lecular markers in tumor cells, such as decreased 
expression of E-cadherin, claudin, and occludin. 
Eventually, this may lead to destruction of cell 
polarity20. Meanwhile, EMT can also cause the 
degradation of extracellular matrix and basement 
membrane. This can effectively damage and de-
stroy the histological barrier that blocks the inva-
sion of tumor cells, resulting tumor cells detach 

from the primary site to surrounding or distant 
tissues22,23. Therefore, in this study, we investigat-
ed whether lncRNA NR027113 could regulate the 
molecular mechanism of EMT-mediated invasion 
and metastasis of gastric carcinoma. Our findings 
might provide an experimental basis for the clini-
cal application of NR027113.

Patients and Methods

Patients and Tissue Samples
In this study, 68 pairs of gastric carcinoma 

and para-carcinoma tissue samples were collect-
ed from patients who received surgical treatment. 
Collected tissues were restored at -80°C for subse-
quent use. This study was approved by the Ethics 
Monitoring Committee. Signed informed consent 
was obtained from each subject before the study.

Cell Culture
Human gastric carcinoma cell lines (including 

AGS, BGC-823, SGC-7901) and normal immor-
talized gastric mucosal epithelial cell line (GES-1) 
were obtained from American Type Culture Col-
lection (ATCC) (Manassas, VA, USA). All cells 
were cultured in Dulbecco’s whole modified MEM 
medium (DMEM) (Gibco, Rockville, MD, USA) 
containing streptomycin (100 μg/mL), penicillin 
(100 U/mL) and 10% fetal calf serum (FCS) (Gib-
co, Rockville, MD, USA) in a 37°C, 5% CO2 incu-
bator. When grown to 80-90% confluence, the cells 
were passaged to 1% trypsin + EDTA (Ethylene 
Diamine Tetraacetic Acid) for digestion.

Immunohistochemical Staining
After dewaxing and hydration, 50 μL of an-

ti-rat ki-67 (1:100) was added dropwise. The 
mixture was incubated for 1 h at room tempera-
ture. After washing with phosphate-buffered 
saline (PBS) for 3 times (5 min for each time), 
corresponding secondary antibody was added 
dropwise, followed by 1 h of incubation at room 
temperature. Next, the samples were stained with 
diaminobenzidine (DAB) (Solarbio, Beijing, Chi-
na) for 5-10 min, and the degree of staining was 
controlled under a microscope. After rinsing with 
deionized water for 10 min, the samples were 
counterstained with hematoxylin for 2 min and 
differentiated by hydrochloric acid alcohol. Then 
the samples were rinsed with deionized water 
for 10-15 min again. Finally, the samples were 
observed under a microscope after dehydration, 
transparent, and sealing.
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Cell Transfection
Lentivirus containing NR027113 knockdown 

sequence (sh-NR027113) and corresponding 
negative control (shRNA) were purchased from 
Shanghai Jima Company (Shanghai, China). Cells 
were first seeded into 6-well plates and grown to 
the density of 40%. Then cell transfection was 
performed according to the manufacturer’s in-
structions. After 48 h, transfected cells were 
collected for quantitative Real-time polymerase 
chain reaction (qRT-PCR) analysis and cell func-
tion experiments.

Cell Proliferation Assay
48 h after transfection, the cells were collected 

and seeded into 96-well plates at a density of 2000 
cells per well. After culture for 24 h, 48 h, 72 h 
and 96 h, respectively, cell counting kit-8 (CCK-
8) (Dojindo Laboratories, Kumamoto, Japan) re-
agent was added in each well. After incubation for 
2 hours, optical density (OD) value of each well 
at the wavelength of 490 nm was detected by a 
microplate reader.

Transwell Cell Migration 
and Invasion Assay

48 hours after transfection, the cells were di-
gested, centrifuged and re-suspended in FBS-free 
culture. Cell density was adjusted to 5*105 cells/
mL. 200 μL of cell suspension (1*105 cells) was 
added to the upper chamber, meanwhile, 700 μL 
of medium containing 20% fetal bovine serum 
(FBS) was added to the lower chamber. Accord-
ing to different migration abilities, the cells were 
placed in an incubator, followed by culture for a 
specific time. After that, transwell chambers were 
taken out, washed 3 times with 1* PBS, and fixed 
with methanol. After staining with 0.2% crystal 
violet for 20 min, the cells on the chamber surface 
were removed with water and a cotton swab care-
fully. Perforated cells stained in the outer layer of 
the basement membrane of the chamber were ob-
served under a microscope. 5 fields of view were 
randomly selected for each sample.

Wound Healing Assay
48 hours after transfection, the cells were di-

gested, centrifuged and re-suspended in FBS-free 
culture to adjust 5*105 cells/mL of cell density. The 
density of plated cells was determined according 
to the size of cells (the majority of the number of 
cells plated was set to 50,000 cells/well). On the 
next day, the confluence of cells reached 90% or 
more. After scribing, the cells were rinsed gently 

with PBS for 2-3 times. Subsequently, low con-
centration of serum medium (such as 1% FBS) 
was added, and the cells were observed again af-
ter 24 hours. According to the pre-experiment of 
this assay, cell-healing ability was judged accord-
ing to the migration areas. For the formal exper-
iment, the difference of cell healing ability was 
judged according to the migration areas.

QRT-PCR
1 mL of TRIzol Reagent (Invitrogen, Carls-

bad, CA, USA) was added to lyse cells, and total 
RNA was extracted. Initially extracted RNA was 
treated with DNase I to wipe off genomic DNA 
and re-purify the RNA. RNA reverse transcrip-
tion was performed according to the instructions 
of Prime Scirpt Reverse Transcription Kit (Ta-
KaRa, Otsu, Shiga, Japan). Real-time PCR was 
performed according to the SYBR® Premix Ex 
TaqTM (TaKaRa, Otsu, Shiga, Japan) kit instruc-
tions. The reaction was performed by StepOne 
Plus Real-time PCR System (Applied Biosys-
tems, Foster City, CA, USA). Primers used in 
this study were as follows: NR027113: forward: 
5’-ACCAATCACATAGCCCTGCC-3’, reverse: 
5’-TCAGAGCTGCAGATGTGGTC-3’; Glycer-
aldehyde 3-phosphate dehydrogenase (GAPDH): 
forward: 5’-CGCTCTCTGCTCCTCCTGTTC-3’, 
reverse: 5’-ATCCGTTGACTCCGACCTTCAC- 
3’. Each sample was subjected to a three-well re-
peated experiment and repeated twice. Bio-Rad 
PCR instrument was used to analyze and process 
data with iQ5 2.0 software (Hercules, CA, USA). 
GAPDH and U6 genes were used as internal ref-
erences. Expression level of genes was calculated 
by the 2-ΔΔCt method.

Western Blot
Transfected cells were first lysed with cell 

lysis buffer, shaken on the ice for 30 minutes, 
and centrifuged at 14,000*g at 4°C for 15 min-
utes. The concentration of extracted total protein 
was calculated by the HCCA Protein Assay Kit 
(Pierce, Rockford, IL, USA). After separation 
by sodium dodecyl sulphate-polyacrylamide gel 
electrophoresis (SDS-PAGE) electrophoresis, the 
membranes were transferred onto membranes. 
After blocking overnight, the membranes were 
incubated with primary and secondary antibod-
ies. Finally, immuno-reactive bands were visual-
ized by the enhanced chemiluminescence (ECL) 
coloration. The image was semi-quantitatively 
analyzed by alpha SP image analysis software 
(Broomfield, CO, USA). E-cadherin, N-cadher-
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in, Vimentin, TGF-β, MMP-9 rabbit anti-human 
monoclonal antibodies were obtained from San-
ta Cruz, Biotechnology (Santa Cruz, CA, USA). 
Horseradish peroxidase (HRP) -labeled goat an-
ti-rabbit secondary antibody was obtained from 
Genscript (Nanjing, China). GAPDH was used an 
internal control. This experiment was repeated 
for three times.

Statistical Analysis
GraphPad Prism 5 V5.01 software (La Jolla, CA, 

USA) was used for all statistical analysis. Student’s 
t-test was performed to compare the difference be-
tween two groups. One-way analysis of variance 
(ANOVA) was used to compare the difference 
among different groups, followed by Post-Hoc Test 
(Least Significant Difference). Experimental data 
were expressed as mean ± standard deviation (x̅±s). 
There were three levels of significant difference, 
including p<0.05, p<0.01 and p<0.001 p<0.05 was 
considered statistically different. 

Results

NR027113 Was Highly Expressed 
in Gastric Carcinoma Tissues and Cells

To explain the role of NR027113 in gastric car-
cinoma, we first collected 68 pairs of gastric car-
cinoma and para-carcinoma tissues. NR027113 
expression in above tissues was then detected 
by qRT-PCR. The results showed that NR027113 
was significantly up-regulated in gastric carcino-
ma tissues when compared with para-carcinoma 
tissues (Figure 1A). In addition, compared with 
GES-1 cells, NR027113 was highly expressed in 
gastric carcinoma cells. The above findings sug-
gested that NR027113 played an oncogene role in 
gastric carcinoma (Figure 1B). At the same time, 
we detected ki-67 expression in gastric carcinoma 
and para-carcinoma tissues using immunohisto-
chemistry. Results found that expression of Ki-67 
in gastric carcinoma tissues was significantly in-
creased (Figure 1C).

A

C

B

D

Figure 1. NR027113 was highly expressed in gastric carcinoma tissues and cells. A, QRT-PCR was applied to detect NR027113 ex-
pression in gastric carcinoma and para-carcinoma tissues; B, QRT-PCR was used to detect the expression level of NR027113 in gas-
tric carcinoma cells; C, Immunohistochemistry analysis of ki-67 in gastric carcinoma and adjacent non-cancerous tissues; D, Kaplan 
Meier survival curve of gastric carcinoma patients based on NR027113 expression. The prognosis of patients with higher expression 
was significantly worse than those with lower expression. Data were represented as mean ± SD, *p<0.05, **p<0.01, ***p<0.001.
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NR027113 Expression was 
Correlated With Distance Metastasis, 
Lymph Node and Overall Survival
of Gastric Carcinoma Patients

Based on the mRNA expression of NR027113 
in 68 gastric carcinoma and para-carcinoma tis-
sues, these patients were divided into high expres-
sion and low expression groups. Subsequently, the 
association between NR027113 expression and 
age, sex, pathological stage, lymph node metas-
tasis and distant metastasis of patients with gas-
tric carcinoma was explored. As shown in Table 
I, high expression of NR027113 was positively 
correlated with lymph node metastasis and dis-
tant metastasis of gastric carcinoma, whereas 
was not correlated with age, gender, and patho-
logical stage. To further figure out the relation-
ship between the expression of NR027113 and the 
prognosis of patients with gastric carcinoma, rel-
evant follow-up data was collected. Kaplan-Meier 
survival curves indicated that high expression of 
NR027113 was highly associated with poor prog-
nosis of gastric carcinoma. Higher expression 
level of NR027113 indicated significantly worse 
prognosis of patients (p<0.05; Figure 1D).

Knockdown of NR027113 
Inhibited Cell Proliferation

To explain the function of NR027113 in gastric 
carcinoma, we first constructed a lentiviral vector 
containing sh-NR027113 sequence. After trans-
fection of NR027113 lentiviral vector in AGS and 
SGC-7901 cells, qRT-PCR was performed to ver-

ify the interference efficiency (Figure 2A). The 
results of CCK-8 assay suggested that the prolif-
eration rate of cells in sh-NR027113 group was 
dramatically lower than that of control group, and 
the difference was statistically significant (Figure 
2B). Meanwhile, NR027113 was knocked down 
in AGS and SGC-7901 cells, transwell migra-
tion, invasion and cell scratch experiments were 
performed to detect cell invasion and migration 
abilities. The results showed that compared with 
control group, the invasion and migration of 
cells in sh-NR027113 group was significantly de-
creased (Figure 2C). In addition, wound-healing 
assay also reflected a significant decrease in the 
crawling ability of gastric carcinoma cells after 
NR027113 inhibition (Figure 2D).

Down-Regulation of NR027113 
Decreased the Expression of EMT 
Signaling Pathway

To further explore the mechanism of NR027113 
in promoting the malignant progression of gastric 
carcinoma, we examined the expressions of key 
proteins in EMT-related pathways after silence 
of NR027113 through Western Blot. The results 
showed that silence of NR027113 significantly in-
creased the protein expression of E-cadherin. It is 
known that E-cadherin is one of the most import-
ant markers in EMT signaling pathway. However, 
the expressions of other proteins such as N-cad-
herin, Vimentin, TGF-β, and MMP-9 were sig-
nificantly decreased. Therefore, the development 
of gastric carcinoma was promoted (Figure 3). 

Table I. Association of lncRNA NR027113 expression with clinicopathologic characteristics of gastric cancer.

Parameters Number                  SNHG20 expression p-value
 of cases
  Low (%) High (%) 

Age (years)     0.220
  < 60 29 17 12 
  ≥ 60 39 17 22 
Gender     0.332
  Male 34 19 15 
  Female 34 15 19 
T stage     0.220
  T1-T2 39 22 17 
  T3-T4 29 12 17 
Lymph node metastasis     0.013
  No 42 26 16 
  Yes 26 8 18 
Distance metastasis     0.007
  No 39 25 14 
  Yes 29 9 20
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Figure 2. Silence of NR027113 inhibited the migration and invasion of gastric carcinoma cells. A, QRT-PCR was applied to verify 
the interference efficiency after transfection of NR027113 knockout vector in AGS and SGC-7901 cells; B, CCK-8 assay was per-
formed in AGS and SGC-7901 cells to detect the influence of NR027113 on cell proliferation; C, Transwell migration and invasion 
experiments were applied to detect the migration and invasion abilities of AGS and SGC-7901 cells; D, Wound healing test in AGS 
and SGC-7901 cells. Data were represented as mean ± SD, *p<0.05.
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NR027113 Modulated TGF-β Expression
in Human Gastric Carcinoma Cells

To further explore the way in which NR027113 
facilitated the malignant progression of gastric 
carcinoma, we explored the possible relationship 
between NR027113 and EMT signaling pathways 
via Western blot. TGF-β is one of the signal mol-
ecules in EMT signaling pathway. Subsequently, 
TGF-β cytokine was added to NR027113 silenced 
gastric carcinoma cells to explore the interaction 
between NR027113 and TGF-β. QRT-PCR and 
Western blot were applied to compare the changes 
in the expression of NR027113 and TGF-β in cells 
of sh-NR027113 group and sh-NR027113+TGF-β 
group (Figure 4A, 4B). Transwell migration, inva-
sion and wound healing experiments demonstrated 
that TGF-β synergistically promoted the effect of 
NR027113 on the invasion and migration of gas-
tric carcinoma cells (Figure 4C and 4D). In addi-
tion, our findings revealed that compared with sh-
NR027113 group, E-cadherin expression in cells 
of sh-NR027113+TGF-β group was remarkably 
decreased, whereas the expressions of other pro-
teins (including N-cadherin, Vimentin, TGF-β and 
MMP-9) were significantly increased (Figure 4E).

Discussion

As a highly occurring cancer worldwide, gas-
tric carcinoma ranks the second and third among 
Chinese male and female cancer patients over the 
past 10 years. Meanwhile, its mortality rate ranks 
the second among Chinese cancer populations2-4. 
Although early diagnosis and treatment can greatly 

improve patients’ postoperative survival, gastros-
copy examination is not suitable for mass screen-
ing due to its invasiveness. Therefore, it is of great 
significance to search for serological tumor mark-
ers for early diagnosis, and to improve post-op-
erative and post-chemotherapy efficacy5,6. So far, 
no specific gastric carcinoma tumor markers have 
been found. Moreover, the sensitivity and speci-
ficity of widely used gastric carcinoma diagnostic 
indicators, such as CEA and CA72.4, need to be 
improved7-9. LncRNA is a kind of RNA with about 
over than 200 nucleotides in length. These RNAs 
do not have the function of encoding proteins. Ex-
isting studies have shown that lncRNA is correlated 
with the occurrence and development of malignant 
tumors. The role of some lncRNA molecules, such 
as H19 and HOX transcriptional antisense RNA 
(HOTAIR), has been verified in malignancies. In 
this study, we aimed to find out tumor serological 
markers in lncRNA molecules for early diagno-
sis and therapy of gastric carcinoma9-12. A plenty 
of studies have shown that lncRNA plays an im-
portant role in the occurrence and development of 
gastric carcinoma. Numerous lncRNAs are found 
abnormally expressed in tissue samples and plas-
ma samples of patients10-12. A small number of gas-
tric carcinoma-related lncRNAs have carcinogenic 
or tumor suppressor activity. Meanwhile, they take 
an essential part in the pathogenesis of gastric car-
cinoma, which may become a potential diagnos-
tic marker and therapeutic target13-15. NR027113 is 
a newly discovered long-chain non-coding RNA. 
Studies have indicated that NR027113 is highly 
expressed in liver cancer. Meanwhile, its high ex-
pression is correlated with poor prognosis of pa-
tients with liver cancer. However, few reports have 
investigated the role of NR027113 in the malig-
nant progression of gastric cancer17. In the current 
study, bioinformatics analysis was used to analyze 
the difference of lncRNA expression between 
AGS and SGC-7901cells. NR027113 was selected 
as a candidate that might be associated with the 
malignant progression of gastric carcinoma. Sub-
sequently, the relationship between NR027113 ex-
pression and the development of gastric carcinoma 
was determined. Up-regulation of NR027113 was 
confirmed to promote the malignant progression 
of gastric carcinoma. Meanwhile, we found that 
NR027113 expression in gastric carcinoma tissues 
was remarkably higher than of para-carcinoma 
tissues. High expression of NR027113 was also 
correlated with tumor stages and poor prognosis 
of patients with gastric carcinoma. The above find-
ings suggested that NR027113 played an essential 

Figure 3. Mechanism of silencing NR027113 by regulating 
EMT signaling pathway. Western blot was applied to ver-
ify the expressions of E-cadherin, N-cadherin, Vimentin, 
TGF-β, and MMP-9 after interference with NR027113 in 
AGS and SGC-7901 cells.
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role in promoting the development of gastric car-
cinoma. To explore the effect of NR027113 on the 
migration and invasion of gastric carcinoma cells, 
transwell migration invasion and wound healing 
assay were performed in AGS and SGC-7901 cells. 
Results found that compared with cells in shRNA 
group, the migration and colony formation abilities 
of cells in NR027113 inhibiting group were weak-

ened obviously. This confirmed that sh-NR027113 
could inhibit the invasion and migration abilities 
of AGS and SGC-7901 cells. Conversely, these 
findings demonstrated that NR027113 could ac-
celerate cell invasion and migration abilities. This 
study provided a theoretical basis for revealing 
the occurrence and development mechanism of 
gastric cancer. However, the specific molecular 

Figure 4. NR027113 regulated the expression of key protein of TGF-β in EMT signaling pathway. A, NR027113 expression in 
NR027113 and TGF-β cytokine stimulation was detected by qRT-PCR; B, TGF-β expression in NR027113 and TGF-β cytokine 
stimulation was detected by Western blotting; C, Transwell migration experiment was applied to detect the ability of NR027113 and 
TGF-β cytokines in stimulating migration and invasion of AGS and SGC-7901 cells; D, Wound healing test was performed to detect 
the effects of NR027113 and TGF-β cytokine co-stimulation on crawling ability in AGS and SGC-7901 cells; E, Western blot was 
performed to verify the expressions of E-cadherin, N-cadherin, Vimentin, TGF-β and MMP-9 after co-stimulation of NR027113 and 
TGF-β cytokines in AGS and SGC-7901 cells. Data were represented as mean ± SD, *p<0.05.

A

D

C

B

E
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mechanism of signal transduction needed further 
study. EMT can reduce the expression of multi-
ple linker molecules in epithelial cells (such as 
E-cadherin, claudin and occludin), thus destroying 
cell polarity18-20. In addition, EMT induces partial 
degradation of extracellular matrix and basement 
membrane, forming an effective destruction of the 
extracellular histological barrier. This is more con-
ducive to the invasive ability of tumor cells, allow-
ing them to escape. Subsequently, in situ tumor or 
other distal normal tissues are more prone to in-
vasion and metastasis21. EMT is characterized by 
reduced cell adhesion and morphological changes, 
as well as enhanced expressions of epithelial and 
mesenchymal-related genes22. In the current study, 
we proved that EMT was abnormally activated in 
the progression and development of gastric can-
cer. This resulted in a rise in the number of cells 
with mesenchymal characteristics and a reduction 
in the number of epithelial cells. Ultimately, this 
may promote the metastasis and invasion of gastric 
carcinoma23. However, so far, the relevant mecha-
nisms in the progression and development of gas-
tric carcinoma have not yet been fully elucidated. 
To further explore the regulatory relationship of 
NR027113 and EMT signaling pathway in gastric 
carcinoma cells, we knocked down NR027113. 
Results found that silence of NR027113 signifi-
cantly elevated the expression of E-cadherin in the 
EMT signaling pathway. However, the expressions 
of other proteins, such as N-cadherin, Vimentin, 
TGF-β and MMP-9, were significantly reduced. 
The development of gastric carcinoma was thereby 
promoted. In addition, studies have revealed that 
the addition of cytokine TGF-β synergistically pro-
motes the role of NR027113 in gastric carcinoma 
cells. This evidence suggests that the transcription-
al activity of NR027113 locus may be regulated by 
the key protein of TGF-β in the EMT signaling 
pathway. The above findings all demonstrated that 
NR027113 accelerated the migration and invasion 
of gastric carcinoma cells through targeting genes 
in the EMT signaling pathway.

Conclusions

LncRNA NR027113 was significantly up-reg-
ulated in both gastric carcinoma tissues and cells. 
Meanwhile, its expression was correlated with 
lymph node metastasis, distant metastasis and 
poor prognosis of patients. In addition, NR027113 
might accelerate the invasion and migration of 
gastric carcinoma via EMT signaling pathway.

Conflict of Interests
The authors declared no conflict of interest.

References

  1) Choi YJ, Kim N. Gastric cancer and family history. 
Korean J Intern Med 2016; 31: 1042-1053.

  2) BertuCCio P, AliCANdro G, rotA m, PeluCChi C, 
BoNzi r, GAleoNe C, BrAvi F, JohNsoN KC, hu J, 
PAlli d, FerrAroNi m, loPez-CArrillo l, luNet N, 
Ferro A, mAleKzAdeh r, zAridze d, mAximovitCh 
d, vioque J, NAvArrete-muNoz em, PAKseresht m, 
herNANdez-rAmirez ru, loPez-CervANtes m, WArd m, 
PourFArzi F, tsuGANe s, hidAKA A, zhANG zF, Kurtz 
rC, lAGiou P, lAGiou A, BoFFettA P, BoCCiA s, NeGri e, 
lA veCChiA C. Citrus fruit intake and gastric cancer: 
the Stomach cancer Pooling (StoP) project con-
sortium. Int J Cancer 2018 Dec 6. doi: 10.1002/
ijc.32046. [Epub ahead of print]

  3) stroNG ve, Wu AW, selBY lv, GoNeN m, hsu m, 
soNG KY, PArK Ch, Coit dG, Ji JF, BreNNAN mF. Dif-
ferences in gastric cancer survival between the 
U.S. and China. J Surg Oncol 2015; 112: 31-37.

  4) zoNG l, ABe m, seto Y, Ji J. The challenge of 
screening for early gastric cancer in China. Lan-
cet 2016; 388: 2606.

  5) KArimi P, islAmi F, ANANdAsABAPAthY s, FreedmAN Nd, 
KAmANGAr F. Gastric cancer: descriptive epide-
miology, risk factors, screening, and prevention. 
Cancer Epidemiol Biomarkers Prev 2014; 23: 
700-713.

  6) soNG z, Wu Y, YANG J, YANG d, FANG x. Progress in 
the treatment of advanced gastric cancer. Tumour 
Biol 2017; 39: 1393375038.

  7) KelseN dP. Adjuvant and neoadjuvant therapy for 
gastric cancer. Semin Oncol 1996; 23: 379-389.

  8) Yu W. A review of adjuvant therapy for resected 
primary gastric cancer with an update on Taegu's 
phase III trial with intraperitoneal chemotherapy. 
Eur J Surg Oncol 2006; 32: 655-660.

  9) tAhArA t, ArisAWA t. DNA methylation as a molec-
ular biomarker in gastric cancer. Epigenomics-Uk 
2015; 7: 475-486.

 10) li P, CheN s, CheN h, mo x, li t, shAo Y, xiAo B, 
Guo J. Using circular RNA as a novel type of 
biomarker in the screening of gastric cancer. Clin 
Chim Acta 2015; 444: 132-136.

 11) li J, li z, zheNG W, li x, WANG z, Cui Y, JiANG x. 
LncRNA-ATB: an indispensable cancer-related 
long noncoding RNA. Cell Prolif 2017; 50: doi: 
10.1111/cpr.12381.

 12) lu t, WANG Y, CheN d, liu J, JiAo W. Potential clin-
ical application of lncRNAs in non-small cell lung 
cancer. Onco Targets Ther 2018; 11: 8045-8052.

 13) zhu s, WANG J, he Y, meNG N, YAN Gr. Peptides/
proteins encoded by non-coding RNA: a novel 
resource bank for drug targets and biomarkers. 
Front Pharmacol 2018; 9: 1295.



LncRNA NR027113 promotes progression of gastric carcinoma 

4755

 14) YANG z, zhAo Y, liN G, zhou x, JiANG x, zhAo 
h. Noncoding RNA activated by DNA damage 
(NORAD): biologic function and mechanisms in 
human cancers. Clin Chim Acta 2018; 489: 5-9.

 15) loreNzi l, AvilA CF, deCoCK A, everAert C, helsmoor-
tel h, leFever s, verBoom K, volders PJ, sPelemAN 
F, vANdesomPele J, mestdAGh P. Long non-coding 
RNA expression profiling in cancer: challenges 
and opportunities. Genes Chromosomes Cancer 
2019; 58: 191-199.

 16) miNotti l, AGNoletto C, BAldAssAri F, CorrA F, 
voliNiA s. SNPs and somatic mutation on long 
non-coding RNA: new frontier in the cancer stud-
ies? High Throughput 2018 Nov 16;7(4). pii: E34. 
doi: 10.3390/ht7040034.

 17) CheN z, zhou zY, he CC, zhANG Jl, WANG J, xiAo 
zY. Down-regulation of LncRNA NR027113 in-
hibits cell proliferation and metastasis via PTEN/
PI3K/AKT signaling pathway in hepatocellular 
carcinoma. Eur Rev Med Pharmacol Sci 2018; 
22: 7222-7232.

 18) CheN d, liu G, xu N, You x, zhou h, zhAo x, liu 
q. Knockdown of ARK5 expression suppresses 
invasion and metastasis of gastric cancer. Cell 
Physiol Biochem 2017; 42: 1025-1036.

 19) tAN BB, li Y, FAN lq, zhAo q, liu qW, liu Y, WANG 
d, JiA N. Upregulated Vav2 in gastric cancer tis-
sues promotes tumor invasion and metastasis. 
Tumour Biol 2017; 39: 1393391272.

 20) ChAFFer Cl, sAN JB, lim e, WeiNBerG rA. EMT, cell 
plasticity and metastasis. Cancer Metastasis Rev 
2016; 35: 645-654.

 21) KreBs Am, mitsChKe J, lAsierrA lm, sChmAlhoFer o, 
Boerries m, BusCh h, BoettCher m, mouGiAKAKos d, 
reiChArdt W, BroNsert P, BruNtoN vG, PilArsKY C, 
WiNKler th, BrABletz s, stemmler mP, BrABletz t. 
The EMT-activator Zeb1 is a key factor for cell 
plasticity and promotes metastasis in pancreatic 
cancer. Nat Cell Biol 2017; 19: 518-529.

 22) WANG l, Wu h, WANG l, zhANG h, lu J, liANG z, 
liu t. Asporin promotes pancreatic cancer cell 
invasion and migration by regulating the epitheli-
al-to-mesenchymal transition (EMT) through both 
autocrine and paracrine mechanisms. Cancer 
Lett 2017; 398: 24-36.

 23) liN x, zhANG h, dAi J, zhANG W, zhANG J, xue G, Wu 
J. TFF3 contributes to Epithelial-Mesenchymal 
Transition (EMT) in papillary thyroid carcinoma 
cells via the MAPK/ERK signaling pathway. J 
Cancer 2018; 9: 4430-4439.


