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IncRNA MALAT1 overexpression promotes proliferation,
migration and invasion of gastric cancer by
activating the PI3K/AKT pathway
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Abstract. Long non-coding RNA (IncRNA) has been
implicated in various types of human cancer. However, the
role of IncRNA metastasis-associated lung adenocarcinoma
transcript 1 (MALAT1) in gastric cancer remains unclear.
In the present study, MALAT]1 expression was significantly
upregulated in gastric tumors compared with adjacent healthy
tissue in patients with gastric cancer. Furthermore, MALAT1
plasma expression was higher in patients with gastric cancer
compared with healthy controls and was found to have prog-
nostic and diagnostic value independent of patients' lifestyle
choices. Cell proliferation assay and Transwell migration and
invasion results indicated that the overexpression of MALAT1
resulted in increased proliferation, migration and invasion of
gastric cancer cells in vitro, possibly through activation of the
phosphoinositide 3-kinase/protein kinase B pathway.

Introduction

Gastric cancer is the third leading cause of cancer-associated
mortality world-wide (1). Numerous genetic factors have been
implicated in gastric cancer (2) and a strong correlation has
been identified between the activation of certain oncogenes,
mutations in tumor suppressor genes and abnormal expression
of key proteins and the initiation, development and progression
of the disease (3). Surgical resection is the current gold stan-
dard curative therapy for gastric cancer (4). While radiation
and chemotherapy have been developed, there is a requirement
for safe and effective treatment strategies to decrease the
mortality associated with the disease (4). It is often difficult
to diagnose gastric cancer in the early stages of the disease,
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and the majority of patients are diagnosed in the advanced
stages (5). However, early diagnosis and treatment can improve
patient outcomes.

The development of diseases can lead to changes in plasma
composition (6) and there has been an increased interest in the
identification of plasma biomarkers which can be used in the
diagnosis of various human diseases including cancer (7,8).
Long non-coding RNAs (IncRNAs) are a group of non-coding
RNAs formed by >200 nucleotides (9). It has been well accepted
that IncRNAs participate in almost every aspect of all critical
biological processes in the human body (10). Several IncRNAs
have been found to serve essential roles in the development of
different types of human cancer (11). Furthermore, circulating
plasma IncRNAs have been used for prognostic and diagnostic
evaluation of several diseases (12). IncRNA metastasis-associ-
ated lung adenocarcinoma transcript 1 (MALAT1) expression
is upregulated in several malignancies (13,14), emphasizing its
potential role as a diagnostic indicator for these diseases. For
example, overexpression of IncRNA MALAT] is significantly
correlated with poor prognosis in colorectal cancer (13) and
malignant gliomas (14). Two previous studies also reported the
overexpression of IncRNA MALATI in gastric cancer (15,16).
However, the function of IncRNA MALAT]I in gastric cancer
has not been elucidated.

In the present study, the expression of MALAT]I in tumor
tissues and adjacent healthy tissues in patients with gastric
cancer was investigated. The expression of IncRNA MALAT1
in plasma of patients with gastric cancer and healthy
controls was also compared. Furthermore, the diagnostic
and prognostic values of plasma MALATI for gastric cancer
were investigated. Additionally, the interactions between
MALAT]I overexpression and the phosphoinositide 3-kinase
(PI3K)/protein kinase B (AKT) pathway were also explored.
To the best of our knowledge, the current study is the first to
report the interactions between MALATI overexpression and
the PI3K/AKT pathway in gastric cancer.

Materials and methods
Patients. A total of 64 patients with gastric cancer from

The Second Hospital of Shandong University were enrolled
between January 2008 and Januray 2010. All patients were
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diagnosed by imaging examinations and pathological tests.
The patients included 30 males and 34 females, and the age
ranged from 28 to 77 years, with a mean age of 42+13.1 years.
All patients received surgical resections and tumor tissues and
healthy tissue within 2 cm of the tumors were collected. A
control group consisting of 64 healthy people was also used.
This group included 29 males and 35 females, and the age
ranged from 31 to 72 years, with a mean age of 40+12.6 years.
There were no significant differences in age, sex and other
basic information between the patient group and control group.
All patients were followed up for 5 years after discharge. This
study was approved by the Ethics Committee of The Second
Hospital of Shandong University. Written informed consent
was obtained from all patients prior to enrolment. All experi-
ments were performed in accordance with The Declaration of
Helsinki.

Plasma preparation. A blood sample (100 ml) was collected
from each paticipant in the morning and transferred to anti-
coagulant tubes. Samples were centrifuged at 1,275 x g for
10 min at room temperature to separate the plasma which was
removed and stored at 4°C until use.

Cell lines and cell culture. Human gastric cancer cell
lines SNU-1 (ATCC CRL-5971™, gastric carcinoma) and
AGS (ATCC CRL-1739™ gastric adenocarcinoma) were used.
Cell lines were purchased from the American Type Culture
Collection (ATCC; Manassas, VA, USA). All cells were
cultured with RPMI-1640 medium (cat. no. ATCC 30-2001)
containing 10% fetal bovine serum (cat. no. ATCC 30-2020)
at 37°C with 5% CO,. Cells were harvested during the
logarithmic growth phase for subsequent experiments.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Total RNA was extracted from tumor tissues,
adjacent healthy tissues, plasma and cultured SNU-1 and AGS
cell lines using TRIzol® reagent (Invitrogen; Thermo Fisher
Scientific, Inc., Waltham, MA, USA). RNA quality was tested
by NanoDrop™ 2000 Spectrophotometer (Thermo Fisher
Scientific, Inc., Wilmington, DE, USA). Only RNA samples
with a A260/A280 ratio between 1.8 and 2.0 were subjected to
synthesize cDNA using SuperScript IV Reverse Transcriptase
(Thermo Fisher Scientific, Inc.), under the following condi-
tions: 25°C for 5 min, 52°C for 30 min and 80°C for 10 min.
gPCR was performed using SYBR® Green Real-Time PCR
Master Mix (Thermo Fisher Scientific, Inc.). The following
primer pairs were used for the qPCR reactions: 5'-CAGTGG
GGAACTCTGACTCG-3' (forward) and 5-GTGCCTGGT
GCTCTCTTACC-3' (reverse) for MALATI; 5'-GACCTC
TATGCCAACACAGT-3' (forward) and 5'-AGTACTTGC
GCTCAGGAGGA-3' (reverse) for p-actin. The thermocycling
conditions used were as follows: 95°C for 45 sec, followed by
40 cycles of 95°C for 25 sec and 60°C for 40 sec. Data were
processed using 222 method (17), and the relative expression
level of MALAT1 was normalized to the endogenous control
[-actin.

Establishment of MALATI overexpression in cell lines. Full
length MALATI ¢cDNA (Sangon Biotech Co., Ltd., Shanghai,
China) was inserted into the pIRES2-EGFP vector (Clontech
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Laboratories, Inc., Mountainview, CA, USA). Before trans-
fection, cells (5x10* cells per well, 10 ml) from each cell
line were cultured over night to reach 80-90% confluence.
Lipofectamine® 2000 reagent (cat. no. 11668-019; Invitrogen;
Thermo Fisher Scientific, Inc.) was used for transfection into
10° cells in 10 ml cell suspension with vectors at a dose of
15 nM and incubated for 5 h. The control group was comprised
of untransfected cells, and the negative control group was
comprised of cells transfected with empty vectors.

Cell counting kit-8 (CCK-8) assay. The CCK-8 assay
(Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) was
used to evaluate cell proliferation. Briefly, 100 ul of cell
suspension containing 5x10? cells was transferred to each well
of a 96-well plate. Cells were cultured in an incubator under
normal conditions (37°C, 5% CQO,), and 10 ul of CCK-8 solu-
tion was added into each well after 12, 24, 48, 72 and 96 h of
cell culture. After incubation under the same conditions for
another 4 h, optical density values at 450 nm were measured
using a microplate reader (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA).

Cell migration and invasion assays. A total of 5x10* SNU-1
and AGS cells were transferred to the upper chambers of
Transwell plates (BD Biosciences, San Jose, CA, USA)
in serum-free RPMI-1640 medium. RPMI-1640 medium
(Thermo Fisher Scientific, Inc.) containing 20% fetal calf
serum (Sigma-Aldrich; Merck KGaA) was used to fill the lower
chamber. Following incubation for 24 h at 37°C, the migrated
cells were stained with 0.5% crystal violet (Sigma-Aldrich;
Merck KGaA) for 15 min. Five visual fields were randomly
selected and stained cells were then counted under an optical
microscope (Olympus Corporation, Tokyo, Japan). In the
cell invasion assay, the upper chamber was pre-coated with
Matrigel (cat. no. 356234, EMD Millipore, Billerica, MA,
USA) overnight at room temperature.

Western blotting. Total protein was extracted from cultured
cells of SNU-1 and AGS cell lines using cell lysis buffer
(cat. no. 9803; Cell Signaling Technology, Inc., Danvers,
MA, USA). Total protein was quantified using a bicincho-
ninic acid assay and 50 ug protein/lane was separated via
SDS-PAGE on a 10% gel. The separated proteins were
subsequently transferred onto a polyvinylidene difluoride
membrane which was then blocked for 1 h at room tempera-
ture with 5% skimmed milk (Sigma-Aldrich; Merck KGaA).
Membranes were incubated with primary antibodies against
PI3K (1:2,000; cat. no. ab5451; Abcam, Cambridge, UK),
p-PI3K (1:2,000; cat. no. ab182651; Abcam), AKT (1:2,000;
cat. no. ab126811; Abcam), p-AKT (1:2,000; cat. no. ab18206;
Abcam) and GAPDH (1:1,000, cat. no. ab9485; Abcam) over-
night at 4°C. After washing, membranes were incubated with
a horseradish peroxidase-labeled secondary antibody (1:1,000;
cat. no. MBS435036; MyBioSource Inc., San Diego, CA, USA)
for 2 h at room temperature. After washing, protein bands were
detected using ECL™ Detection Reagents (Sigma-Aldrich;
Merck KGaA). This experiment was performed in triplicate
and protein expression was quantified using ImageJ 1.46 soft-
ware (National Institutes of Health, Bethesda, MD, USA) with
GAPDH as the loading control.
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Figure 1. Relative expression level of MALAT1 in tumor tissues and adjacent tissues of patients with gastric cancer. ‘P<0.05 vs. healthy tissue. MALATI,

metastasis-associated lung adenocarcinoma transcript 1.

Statistical analysis. SPSS software (version 19.0; IBM Corp.,
Armonk, NY, USA) was used. Normal distribution data were
expressed as mean + standard deviation, and comparisons
between two groups were performed by t-test. Comparisons
among multiple groups were performed by one way analysis
of variance, followed by Tukey test. Non-normal distribu-
tion data were analyzed by non-parametric Mann-Whitney
U test. Effects of patients' basic information on expression
of MALATI1 cancer were analyzed by Chi-square test and
Bonferroni's correction. Receiver operating character-
istic (ROC) curve analysis was performed to evaluate the
diagnostic value of plasma levels of MALATI for gastric
cancer. Patients were divided into high MALATI expression
group and low MALATI1 expression group according to the
median plasma level of MALATI1 (n=32). Survival curves
were plotted using Kaplan-Meier method and compared by
log-rank test. Pearson correlation analysis was performed to
analyze the correlation between plasma levels of MALAT1
with the expression levels of MALATI in tumor tissues and
adjacent healthy tissues. A P<0.05 was considered to indicate
a statistically significant difference.

Results

MALATI expression is upregulated in tumor tissues
compared with adjacent healthy tissues. The expression of
MALATI in tumor tissues and adjacent healthy tissues in all
64 patients with gastric cancer was studied. Expression levels
of MALAT1 were significanly higher in tumor tissues than in
adjacent healthy tissues in 59 out of 64 patients with gastric
cancer (Fig. 1). This suggested that upregulated expression
of MALAT]1 is likely involved in the development of gastric
cancer.

Plasma MALATI expression has diagnostic and prognostic
value in gastric cancer. The expression of MALATI in
plasma of patients with gastric cancer was significantly

higher than in healthy controls (P=0.0154; Fig. 2A). In
addition, Pearson correlation analysis revealed that plasma
levels of MALAT1 were positively correlated with the
expression levels of MALATI in tumor tissues (r=0.8745;
R square=0.7647; P<0.0001; Fig. 2B), but not with the
expression levels of MALATI in adjacent healthy tissues
(r=0.1615; R square=0.02608; P=0.3774; Fig. 2C). ROC
analysis was performed to analyze the diagnostic value of
plasma MALAT] for gastric cancer. The area under the curve
was 0.8984 with a 95% confidence interval of 0.8465-0.9504
(P<0.0001; Fig. 2D), indicating that plasma MALATI1 can
be used to accurately predict gastric cancer. Patients were
divided into high MALATI1 expression group and low
MALATI expression group according to the median plasma
level of MALATI1 (n=32). Survival curves were estimated
using the Kaplan-Meier method and were used to evaluate
the prognostic value of plasma MALAT] for gastric cancer.
Patients with high plasma level of MALAT]1 had significantly
shorter survival compared with patients with a low plasma
level of MALATI1 (P<0.0214; Fig. 2D), indicating that the
plasma level of MALAT1 may serve as diagnostic and prog-
nosic indicator of gastric cancer.

Association between MALATI expression level and basic
information of gastric cancer patients. It has been reported
that the expression of IncRNAs can be affected by lifestyle
choices including vegetarianism, smoking and drinking (14).
This may influence the diagnostic and prognostic values of
specific IncRNA for certain diseases. In view of this, effects
of patients' basic information on expression of MALATI in
gastric cancer were analyzed by Chi-square test. Data were
subjected to Bonferroni's correction. MALATI1 expression
levels in plasma (Table I) and tumor tissues (Table II) were
not significantly affected by sex, age, smoking, drinking and
vegetarianism. However, expression levels of MALAT1 were
significantly higher in patients with tumor metastasis than
in patients without tumor metastasis. This data suggested
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Table I. Association between the plasma level of metastasis-associated lung adenocarcinoma transcript 1 and basic information

of patients with gastric cancer.

Characteristic Group Number of cases High-expression Low-expression P-value
Sex Male 30 17 13 0.31
Female 34 15 19
Age >40 (years) 35 18 17 0.80
<40 (years) 29 14 15
Vegetarianism Yes 12 5 7 0.52
No 52 27 25
Smoking Yes 33 17 16 0.80
No 31 15 16
Drinking Yes 35 18 17 0.80
No 29 14 15
Metastasis Yes 37 30 7 <0.01
No 27 2 25
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Figure 2. Plasma MALAT1 expression in patients with gastric cancer and healthy controls and its diagnostic and prognostic values. (A) Plasma MALAT1
expression in patients with gastric cancer and healthy controls. (B) Plasma levels of MALAT1 were significantly positively correlated with the expression
levels of MALAT1 in tumor tissues. (C) Plasma levels of MALAT1 were not significantly correlated with the expression levels of MALAT1 in adjacent healthy
tissues. (D) Receiver operating characteristic curve analysis to evaluate the diagnostic value of plasma MALAT]1 for gastric cancer. (E) Survival curve analysis
to evaluate the prognostic value of plasma MALAT] for gastric cancer. ‘P<0.05 vs. healthy control. MALAT]1, metastasis-associated lung adenocarcinoma

transcript 1.

that plasma MALAT]I levels can accurately diagnose gastric
cancer in patients with different lifestyle choices as well as
provide an indication of the severity of the disease.

Effects of MALATI overexpression on the proliferation,
migration and invasion of the gastric cancer cell lines SNU-1
and AGS. Gastric carcinoma and gastric adenocarcinoma
are two major types of gastric cancer (1). Therefore, both the
gastric carcinoma cell line SNU-1 and gastric adenocarcinoma
cell line AGS were included in the current study. Effects of
MALATI overexpression on the proliferation, migration and

invasion of these two gastric cancer cell lines were assessed by
the CCK-8 assay, Transwell cell migration assay and Transwell
cell invasion assay. After transfection, MALATI1 overex-
pression was achieved in cells of both cell lines (Fig. 3A).
MALAT1 overexpression significantly increased proliferation
compared with control untransfected cells (P<0.05; Fig. 3B).
Furthermore, the migratory (Fig. 3C) and invasive (Fig. 3D)
abilities of both SUNP-1 and AGS cell lines were significantly
increased with MALATI overexpression (P<0.05), compared
with the NC group. These results indicated that MALAT1
expression can increase proliferation, migration and invasion
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Table II. Association between the expression level of metastasis-associated lung adenocarcinoma transcript 1 in tumor tissues

and basic information of patients with gastric cancer.

Characteristic Group Number of cases High-expression Low-expression P-value
Sex Male 30 18 12 0.13
Female 34 14 20
Age >40 (years) 35 19 16 0.45
<40 (years) 29 13 16
Vegetarianism Yes 12 5 7 0.52
No 52 27 25
Smoking Yes 33 18 15 045
No 31 14 17
Drinking Yes 35 15 20 0.21
No 29 17 12
Metastasis Yes 37 29 8 <0.01
No 27 3 24

of both gastric carcinoma cells and gastric adenocarcinoma
cells.

Effects of MALATI overexpression on the PI3K/AKT pathway.
Effects of MALAT]1 overexpression on the PI3K/AKT pathway
were investigated in the current study. MALAT1 overexpres-
sion had no effect on the expression levels of total PI3K and
AKT in both the gastric carcinoma cell line SNU-1 (Fig. 4A)
and gastric adenocarcinoma cell line AGS (Fig. 4B). However,
compared with the control cells and negative control cells,
levels of p-PI3K and p-AKT were significantly increased in
cells with MALAT1 overexpression (Fig. 4). This suggested
that MALATI1 can promote the progression of gastric cancer
by increasing the phosporylation level of PI3K and AKT, but
not by increasing their total expression levels.

Discussion

The results obtained in the current study confirm previous
reports of the overexpression of IncRNA MALATI in gastric
cancer (15,16). Additionally, the present study explored the use
of plasma MALATI as a diagnostic and prognostic marker
in the disease. The results obtained provided evidence for the
interactions between IncRNA MALATI and the PI3K/AKT
pathway in gastric cancer, in addition to plasma MALATI1
serving as potential prognosic and diagnostic biomarker for
gastric cancer.

The development of gastric cancer is a complex process
and various internal and external factors are involved (3).
During the past several decades, genetic factors have been
demonstrated to serve pivotal roles in almost every aspect of
gastric cancer (3). Despite an increased understanding of the
nature of gastric cancer, the underlying pathogenesis of this
disease has not been fully elucidated, leading to ineffective
treatment and poor diagnosis of the disease (1). Development
of gastric cancer is accompanied by changes in the expression
levels of certain IncRNAs, and the abnormal expression of
these IncRNAs serves different roles in the progression of the
disease (18,19). IncRNA H19, imprinted maternally expressed

transcript (H19) a well-studied IncRNA with oncogenic
functions in various types of human cancer, is overexpressed
in gastric cancer, and upregulated H19 expression has been
found to promote carcinogenesis and metastasis (18). By
contrast, IncRNA HMIlincRNA717 (gastric cancer associ-
ated transcript 2) is downregulated in patients with gastric
cancer, indicating its role as a tumor suppressor (19). IncRNA
MALATI expression has been reported to be upregulated in
several types of malignancy including colorectal cancer (13),
glioma (14) and gastric cancer (15,16). Consistent with
previous studies, the expression level of MALAT1 was
significanly higher in tumor tissues compared with adjacent
healthy tissues in 59 out of 64 patients with gastric cancer
in the current study. Plasma MALAT1 was also significanly
higher in gastric cancer patients compared with healthy
controls, indicating that MALAT1 overexpression is involved
in the development of gastric cancer.

The results of the current study indicated that MALAT1
may be an effective diagnostic marker for gastric cancer.
In addition, patients with gastric cancer who had a higher
expression level of plasma MALAT] exhibited significantly
shorter survival compared with patients with lower expression
level of plasma MALATI, indicating that plasma MALAT1
is a promising prognostic marker for gastric cancer. However,
IncRNA expression can be induced or regulated by an indi-
vidual's lifestyle. For example, expression of IncRNA SCALI1
can be induced by smoking (20). Therefore, the effects of
patients' lifestyle choices on the expression level of plasma
MALATI1 were investigated in the current study. Sex, age and
lifestyle choices including smoking, drinking and vegetari-
anism showed no significant effects on the expression level
of MALATI. However, expression levels of MALAT1 were
significantly increased in patients with tumor metastasis
compared with patients without tumor metastasis.

IncRNA MALATI serves different roles in different
types of human cancers. In the study of colorectal cancer,
Yang et al (21) found that MALATI1 promoted tumor devel-
opment and progression by increasing the proliferation,
migration and invasion abilities of tumor cells, indicating its
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Figure 3. Effects of MALAT]I overexpression on proliferation, migration and invasion of gastric carcinoma cell line SNU-1 and gastric adenocarcinoma cell
line AGS. (A) Following transfection, MALAT]1 overexpression was achieved in cells of both cell lines. (B) Effects of MALAT]1 overexpression on prolifera-
tion of gastric carcinoma cell line SNU-1 and gastric adenocarcinoma cell line AGS. (C) Effects of MALAT1 overexpression on migration of gastric carcinoma
cell line SNU-1 and gastric adenocarcinoma cell line AGS. (D) Effects of MALAT1 overexpression on invasion of gastric carcinoma cell line SNU-1 and
gastric adenocarcinoma cell line AGS. "P<0.05 vs. controls. MALATI, metastasis-associated lung adenocarcinoma transcript 1; over, overexpression of
MALATI; NC, negative control; C, control.
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Figure 4. Effects of MALATI overexpression on the PI3K/AKT pathway. (A) Effects of MALAT1 overexpression on the PI3K/AKT pathway in gastric
carcinoma cell line SNU-1. (B) Effects of MALAT1 overexpression on the PI3K/AKT pathway in gastric adenocarcinoma cell line AGS. "P<0.05 vs. controls.
MALATI, metastasis-associated lung adenocarcinoma transcript 1; PI3K, phosphoinositide 3-kinase; AKT, protein kinase B; over, overexpression of

MALATI; NC, negative control; C, control; p-, phosphorylated.

oncogenic role in this disease. By contrast, downregulation
of IncRNA MALATI1 was found to be responsible for the
induction of epithelial-to-mesenchymal transition in breast
cancer (19), suggesting that IncRNA MALATI can also serve
a tumor suppressor role in breast cancer. A previous study has
reported that MALATI1 promoted the proliferation of gastric
cancer cells (15). In the present study, MALATI1 overexpres-
sion significantly promoted the proliferation, migration and
invasion of both the gastric carcinoma cell line SNU-1 and
the gastric adenocarcinoma cell line AGS, indicating that
MALATI serves an oncogenic role in gastric cancer by
promoting cancer cell proliferation, migration and invasion.
It has been previously reported that IncRNA MALATI inter-
acts with the PI3K-AKT pathway (22). In the current study,
MALATI overexpression activated the PI3K-AKT pathway
in both the gastric carcinoma cell line SNU-1 and the gastric
adenocarcinoma cell line AGS by promoting the phosphoryla-
tion of PI3K and AKT. This suggests that IncRNA MALAT1
can promote the development and progression of gastric cancer
by activating the PI3K/AKT pathway.

While the current study highlights the importance of
IncRNA MALAT]I in gastric cancer, it has certain limitations.
Factors such as working habits, which can have a significant
effect on cancer development (23), were not included. Such
factors will be included in future studies. Although representa-
tive, the present study was limited by a relatively small sample
size. Further studies with larger sample sizes are required to
confirm the data obtained in this study. The current study
revealed a potential interaction between MALAT1 and the

PI3K-AKT pathway in gastric cancer, which is a novel finding.
However, whether the interaction between MALATI1 and
PI3K-AKT is direct or indirect is unknown. Our future studies
will aim to establish the pathways involved.

The current study failed to analyze the correlations between
expression levels of IncRNA MALAT1 with PI3K and AKT due
to the limited resources. Future studies will attempt to include
this analysis. Although the current data partially overlap with
the data presented in a previous study (16), it revealed a new
signaling pathway involvled in the MALAT1-mediated behav-
iors of gastric cancer cells. It is known that IncRNA MALAT1
participate in cancer biology by interacting with different path-
ways, including histone-lysine N-methyltransferase EZH (24)
and extracellular-signal-regulated kinase/mitogen activated
protein kinase (25) pathways. However, those pathways failed
to repond to the overexpression of MALAT in gastric cancer
cells (data not shown), indicating that MALAT1 may partici-
pate in different types of cancer by interacting with different
pathways.

In conclusion, MALATI1 expression was significanly
upregulated in tumor tissues compared to adjacent healthy
tissues in the majority of the patients with gastric cancer
studied. MALATI plasma levels were significantly increased
in patients with gastric cancer compared with healthy
controls. MALAT1 overexpression significantly promoted the
proliferation, migration and invasion of gastric cancer cells
and activated the PI3K/AKT pathway. Therefore, MALAT1
overexpression may promote the proliferation, migration and
invasion of gastric cancer cells by activating the PI3K/AKT
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pathway and may guide the development of novel strategies for
the treatment of gastric cancer.
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