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Resveratrol inhibits the proliferation, invasion, and migration, and
induces the apoptosis of human gastric cancer cells through the
MALAT1/miR-383-5p/DDIT4 signaling pathway
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Background: We aimed to study the effects and potential mechanism of resveratrol (RS) in gastric cancer
(GQ).

Methods: The human GC cell line SGC7901 was treated with different concentrations of RS
0, 1, 5 uM) for 24 hours. The messenger ribonucleic acid or protein expressions levels of metastasis-
associated lung adenocarcinoma transcript 1 (MALATT), micro ribonucleic acid-383-5p (miR-383-5p), and
DNA damage-inducible transcript 4 (DDIT4) in GC cells were determined by Western blot and quantitative
real-time polymerase chain assays. Cells were then transfected with miR-383-5p inhibitor (inhibitor), inhibitor
negative control (NC), MALAT1-interfering RNA (si-MALAT1), si-DDIT+4 and negative interference control
(si-NC). The Cell Counting Kit-8 method, scratch assay, and transwell assay were performed to evaluate cell
proliferation, migration, and invasion. Additionally, flow cytometry was used to examine apoptosis, and the
target relationship was examined by a luciferase-reporter gene analysis.

Results: RS treatment downregulated the expression of MALAT, repressed cell proliferation, inhibited
cell migration and invasion (all P<0.05), and induced apoptosis (P<0.05) in GC cells. When the cells were
treated with RS and inhibited the expression of MALAT1 meanwhile, the above anti-cancer effects were
more significant (all P<0.05). Target prediction and the luciferase-reporter gene analysis showed that
MALATTI targeted miR-383-5p (P<0.05). When suppressing the expression of MALATI and miR-383-5p,
the anti-cancer effects caused by the silencing of MALATI were absent (all P<0.05). We also found that
miR-383-5p targeted DDIT# protein. When the expression of 7iR-383-5p and DDIT# in the GC cells was
inhibited, the promoting cancer effects caused by the inhibition of 72iR-383-5p were reversed (all P<0.05).
Conclusions: This study found that RS inhibited the proliferation, migration, and invasion of human GC
cells through the metastasis-associated lung adenocarcinoma transcript 1 (MALATI)/miR-383-5p/DDIT4
pathway and induced apoptosis.
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Introduction

Gastric cancer (GC) is the 4th most common malignant
tumor in the world (1). Despite improvements in GC
treatment methods, such as surgery, chemotherapy, and
radiotherapy, these traditional therapies have a limited effect
in reducing GC mortality (2). The invasion and metastasis
of gastric cells are the major cause of most GC-related
deaths and recurrences, and seriously hinder the therapeutic
effects of any treatments (3). Thus, finding drugs that can
effectively treat GC and inhibit tumor activity has become
an urgent issue that needs to be addressed in the clinic.
‘Traditional cancer treatments are known to cause severe
adverse reactions. Thus, in recent decades, research on the
anti-cancer effect of phytochemicals has gradually become
popular (4). Previous studies have found that chemical
components in various natural plants have anti-cancer
effects (5,6). Resveratrol (RS) is known to widely exist in
grapes, peanuts, and other plants (7). At present, it has been
found in breast cancer, ovarian cancer, liver cancer, lung
cancer and other cancers that RS has various effects on
inhibiting the growth, proliferation and invasion of cancer
cells (1,5). Kim er a/. found that RS inhibits the proliferation
of GC cells by inhibiting the activity of Pim-1 kinase (1).
Xu et al. found that RS inhibits GC epithelial-mesenchymal
transformation and reverses Adriamycin resistance by
regulating the phosphatase and tensin homolog/protein
kinase B (PTEN/AKT) signaling pathway (7). However,
there are few relevant literature reports on the inhibition of
GC occurrence and development by RS, and there is a lack
of specific mechanism research. With further research on
the use of RS in the treatment of GC, explorations of the
anti-cancer effect of RS have become crucial, and the results
of such research provide a theoretical basis for its clinical
application. Long non-coding RNAs (IncRNAs) are a series
of transcribed RNA molecules with a length of more than
200 nucleotides, located in the nucleus or cytoplasm, and
do not have the function of encoding proteins (8). A recent
study suggested that IncRNA may be the molecular target
of RS for its anticancer effect (9). In GC, it is known that
MALATI1-mediated epithelial-mesenchymal transition
inhibition of gastric cancer expression down-regulation
or gene knockout may be related to the proliferation,
migration and invasion of GC cells and the reduction of
migratory ability and promotion of apoptosis (10). For
example, Ji ez a/. found that RS triggers the metastasis-
associated lung adenocarcinoma transcript 1 (MALATI)-
mediated Wnt/B-catenin signaling pathway that inhibits
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the invasion and metastasis of colorectal cancer cells (11).
Yang er al. found that RS inhibits the invasion and
migration of GC cells by inhibiting epithelial-mesenchymal
transformation mediated by MALATI (12).

At present, there are few studies on the role of RS and
MALATI in GC. Thus, this study sought to examine the
potential mechanism by which RS-mediated MALATI
inhibits the proliferation, invasion, and migration of GC
cells to provide theoretical support for the use of RS in
the treatment of GC. We present the following article in
accordance with the MDAR reporting checklist (available at
https://jgo.amegroups.com/article/view/10.21037/jgo-22-
307/rc).

Methods
Cell cultures

The human GC cell line SGC7901 was purchased from
Shanghai Fuheng Biotechnology Co., Ltd. The cells were
cultured in Roswell Park Memorial Institute Medium (1640)
and placed in a 37 °C incubator (Thermo Fisher Scientific,
USA) with 5% carbon dioxide. The cells were sub-cultured
for subsequent experiments at 80% cell confluency.

Cell transfection

Micro ribonucleic acid-383-5p (miR-383-5p) inhibitor
(inhibitor), negative control (NC), MALATI-interfering
RNA (si-MALATT), si-deoxyribonucleic acid-damage-
inducible transcript 4 (DDIT4) and negative interference
control (si-NC) were obtained from Shanghai Jima
Pharmaceutical Technology Co., Ltd. The specific
sequences are as follows: siMALAT1 (sense strand:
5'-AAGAAAAAUAAAAGCUUUCCU-3', antisense strand:
5'-GAAAGCUUUUUAUUUUUCUUCC-3"), si-DDIT4
(sense strand: 5'-AGGAAGACACGGCTTACCT-3",
antisense strand: 5'-GCTTCCGAGTCATCAAGAA-3").
Lipofectamine ™ 3000 (Invitrogen, USA) was used to
transfect the cells, which were then cultured for 48 h.

Cell experiment grouping

(I) The effect of RS on MALAT1I level and proliferation
activity of GC cells: The cells were divided into 3
groups: control group (Control), RS 1 pM group, and
RS 5 pM group. The human gastric cancer cell line
SGC7901 was treated with different concentrations of
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RS [0 (Control), 1, 5 pM] for 24 hours, respectively.

(II) Effects of RS treatment and interference with
MALATI on the function of GC cells: The cells were
divided into Control group, RS group (5 pM), si-NC
group, si-MALATT group and RS+si-MALATT group.
The groups that need to be transfected were treated
accordingly, and then 5 pM RS was added to the cells
in the RS+si-MALATI group for 24 hours.

(IIT) Effects of miR-383-5p and MALATI on the function
of GC cells: cells were divided into Control group, si-
NC + inhibitor NC group, si-MALAT1 + inhibitor
NC group, si-NC + miR-383-5p inhibitor group, si-
MALATI group + miR-383-5p group. Corresponding
transfection treatments were performed on the cells in
turn.

(IV) Effects of miR-383-5p and DDIT4 on the function of
GC cells: cells were divided into Control group, 7iR-
383-5p group and si-DDIT4 + miR-383-5p inhibitor
group. Corresponding transfection treatments were
performed on the cells in turn.

Cell proliferation activity was measured by the CCK-8
method

The SGC7901 cells were incubated at the density of 10" per
well in 96-well plates and treated the next day. After adding
10 pL of Cell Counting Kit 8 (CCK-8) solution (Dojindo,
Japan) into each well, the plates were cultured for another 2 h
and put into a multifunctional microplate reader to measure
the absorbance value (OD) at a wavelength of 450 nm.

Apoptosis was measured by flow cytometry

The cells were digested with trypsin digestive solution
without ethylenediaminetetraacetic acid, washed 3
times with pre-cooled phosphate buffer (PBS), and then
centrifuged. The pellet was suspended with 500 pL of
binding buffer. Next, 5 pL of annexin V-fluorescein
isothiocyanate (FITC) (BD Biosciences, USA) and 5 pL of
propidium iodide (BD Biosciences, USA) were added and
dark stained at room temperature for 15 min. The apoptosis
and apoptosis rate were immediately measured by flow
cytometry (Thermo Scientific, USA) and Flowjo (TreeStar,
USA) software, respectively.

Cell migration was measured by scratch tests

SGC7901 cells were seeded in 6-well plates at a density
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of 2x10* cells per well. When the cell confluency reached
90%, the tip of a pipette was used to draw 3 straight lines in
parallel, and the fallen cells were then rinsed with 100 ulL
of PBS. The scratch healing was photographed under an
inverted microscope (Olympus, Japan) at 0 and 24 h.

Cell invasion was detected by the transwell method

200 pL of cell suspension containing 1x10* cells was
added to an upper chamber coated with matrix glue (BD
Biosciences, USA), and 500 pL of normal culture medium
was added to the lower chamber. The upper chamber was
fixed with methanol at room temperature for 15 min. The
cells that invaded the lower chamber were stained with
0.5% crystal violet (Beyotime, China) for 30 min. Pictures
of transmembrane cells were taken under an inverted
microscope, and the number of transmembrane cells was
counted.

The protein expression of cells was detected by Western blot

Ristocetin-induced platelet aggregation cell lysis buffer
(Beyotime, China) was used to extract the total cell protein,
and the bicinchoninic acid assay method (Beyotime,
China) was used to quantify it. The equivalent amount
of protein was separated by 12% sodium dodecyl-sulfate
polyacrylamide gel electrophoresis and then transferred to
the polyvinylidene fluoride membranes (Millipore, USA).
After blocking the membrane with blocking solution
(Beyotime, China) for 1 h, tris buffered saline with tween
(TBST; Beyotime, China) was used to wash the membranes
3 times. The corresponding primary anti-deoxyribonucleic
acid-damage-inducible transcript 4 (DDIT4, 1:2000,
ab106356, Abcam, USA) and B-actin (1:3000, ab8226,
Abcam, USA) was incubated overnight in a cold room.
After washing the membranes with TBST 3 times,
the corresponding secondary antibody combined with
horseradish peroxidase was incubated at room temperature
for 1 h. Next, an enhanced chemiluminescence detection kit
(Beyotime, China) was used to visualize the protein bands.
The Image J software (NIH, USA) was used to analyze the
grayscale of the protein bands.

The gene transcription of cells was measured by
Sfluorescence gRT-PCR

Trizol (Invitrogen, USA) was applied to lyse and extract
the total RNA, and the RNA was quantified by a
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Figure 1 Effects of RS treatment on the MALATI level and proliferative activity of the GC cells. The human GC cell line SGC7901 was
treated with different concentrations of RS [0 (Control), 1, 5 pM] for 24 hours. (A) The level of MALATI was measured by qRT-PCR;
(B) Cell proliferation activity was measured by the CCK-8 method. Compared to the control group, “P<0.05, **P<0.01, **P<0.001. RS,

Resveratrol; MALATI, metastasis-associated lung adenocarcinoma transcript 1; GC, gastric cancer; CCK-8, Cell Counting Kit 8; qRT-PCR,

quantitative real-time PCR.

multifunctional enzyme labelling instrument (Thermo
Scientific, USA). MALATI and miR-383-5p were
synthesized into complementary DNA (cDNA) using a
Prime Script kit (Takara, Japan) and a One Step Prime
Script miRNA Synthesis Kit (Takara, Japan). Next, the
c¢DNA was fluorescence amplified in the Applied Biosystems
7300 (Thermo Scientific, USA) system using SYBR green
real-time polymerase chain assays (PCR) Master Mix
(Thermo Scientific, USA), with glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) or U6 as the internal reference

M was used to detect the relative expression

gene, and the 2~
of genes. Multiple holes (3) were set for each sample. The
following primer sequences were used: MALAT-1 front
primer: 5'-GGTAACGATGGTGTCGAGGTC-3', rear
primer: 5'-CCAGCATTACAGTTCTTGAACATG-3".
miR-383-5p front primer: 5'-GGGAGATCA
GAAGGTGATTGTGGCT-3", rear primer:
5'-CAGTGCGTGTCGTGGAGT-3", U6 fronter prime:
5'-CTCGCTTCGGCAGCACA-3', and rear primer:

5'-AACGCTTCACGAATTTGCGT-3".

The target was verified using the luciferase-reporter gene
method

MALATI and DDIT4 fragments containing the miR-383-
S5p target sequence were amplified by quantitative real-
time (QRT-PCR) and then inserted into pmirGlO double-
luciferase miRINA target expression vector (Promega, USA).
Wild-type MALAT1 (Wt-MALAT1) and We-DDIT4
reporter vectors were obtained. mutant MALAT1 (Mut-
MALAT1) and mut-DDIT4 were constructed by inserting
mutation binding sites. The Wt or Mut vectors and miR-
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383-5p mimic were co-transfected into the SGC7901 cells
with Lipofectamine 3000.

Statistical analysis

All experiments in this study were independently performed
3 times. SPSS 22.0 (SPSS, USA) was used for the 1-way
analysis of variance or the student’s z-test was used for
the statistical analysis. A P value <0.05 was considered
statistically significant.

Results

RS treatment decreases the MALAT1 level and
proliferative activity of GC cells

MALATT expression in the human GC cell line SGC7901
decreased as the RS dose increased [0 (Control), 1.5 pM)] (all
P<0.05; see Figure 14). Additionally, the cell proliferation
activity was measured using the CCK-8 method, and the
results showed that cell proliferation activity decreased
as the RS dose increased (all P<0.05; see Figure 1B). The
follow-up studies used 5 pM of the RS-treated cells.

Effects of RS treatment and interference with MALATI on
the proliferation, migration, invasion, and apoptosis of GC
cells

As Figure 24 shows, when the cells were transfected with
si-MALATI, the messenger RNA level of MALATI was
significantly reduced (P<0.05), which provides evidence
of the effectiveness of si-MALATI. Cell proliferation was
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Figure 2 Effects of RS treatment and interference with MALATI on the proliferation, migration, invasion, and apoptosis of GC cells.
(A) The level of MALAT1 was measured by qRT-PCR; (B) cell proliferation activity was measured by the CCK-8 method; (C) cell
migration ability was measured by the scratch test. The cell migration width was observed under an inverted microscope with the original
magnification of 50 times; (D) the invasion ability of cells was detected by transwell. The number of transmembrane cells stained with
crystal violet was observed under an inverted microscope, and the original magnification was 100 times; (E) apoptosis was measured by
flow cytometry. Compared to the control or si-NC groups, **P<0.001; compared to the si-MALAT1 group, *P<0.05, *P<0.01, *P<0.001.
RS, resveratrol; NC, normal control; MALATI, metastasis-associated lung adenocarcinoma transcript 1; GC, gastric cancer; CCK-8, Cell
Counting Kit 8; qRT-PCR, quantitative real-time PCR.
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Figure 3 MALATI targets miR-383-5p and inhibits its expression. (A) Starbase prediction target; (B) the targeting relationship between

MALATT and miR-383-5p was examined using a luciferase-reporter gene analysis; (C) the level of miR-383-5p was measured by qRT-PCR.

Compared to the NC or si-NC groups, ***P<0.001. NC, normal control; MALAT1, metastasis-associated lung adenocarcinoma transcript 1;

qRT-PCR, quantitative real-time PCR.

detected using the CCK-8 method. As Figure 2B shows,
cell proliferation activity decreased significantly (all
P<0.05) when the cells were administered 5 pM of RS or
transfected with si-MALATI. The inhibitory effect was
more apparent when the cells received both treatments
(P<0.05). In this study, the ability of cell migration and
invasion was also measured. The results were consistent
with those of the proliferation results (all P<0.05; see
Figure 2C,2D). Additionally, as Figure 2E shows, flow
cytometry was used to observe apoptosis. It was found
that when RS or MALATI interference treatment was
administered alone, the apoptosis rate increased significantly
(all P<0.05), and when both were administered together,
they promoted the occurrence of an apoptosis reaction
(P<0.05).

MALATI targets miR-383-5p and inbibits its expression

As Figure 34 shows, this study predicted that miR-383-5p
was the target of MALATI through the Starbase website
and then confirmed that MALATI targeted miR-383-
5p through a luciferase-reporter gene analysis (P<0.05;
see Figure 3B). Additionally, this study also detected the
expression of miR-383-5p of the cells in the si-NC and
si-MALATI groups. When the expression of MALATI
decreased, the level of miR-383-5p increased significantly
(P<0.05; see Figure 3C), which further confirmed the
targeting relationship between them.

© Journal of Gastrointestinal Oncology. All rights reserved.

Interfering with miR-383-5p expression reverses the effects
of interfering with MALAT1

As Figure 44 shows, when RS was used to treat the
GC cells, the expression level of miR-383-5p increased
significantly (P<0.05). To verify the effectiveness of the
miR-383-5p inhibitor, we detected the expression of the
miR-383-5p in cells transfected with the NC inhibitor and
miR-383-5p inhibitor, respectively. We found that the miR-
383-5p inhibitor significantly reduced the expression level
of miR-383-5p (P<0.05), which provides evidence of the
effectiveness of the inhibitor (Figure 4B). Additionally, the
reversal effect of the miR-383-5p inhibitor on si-MALAT1
was also measured when the cells were transfected with
si-MALATI and miR-383-5p inhibitor at the same time.
As Figure 4C-4F show, when the expression of miR-383-
5p decreased, the cell proliferation activity increased
(P<0.05), while the migration and invasion ability increased
(all P<0.05), and apoptosis decreased (P<0.05). However,
when si-MALAT1 and the miR-383-5p inhibitor were co-
transfected, the above effects were reversed (all P<0.05).
Thus, MALATI appears to regulate the proliferation,
migration, invasion, and apoptosis of GC cells by targeting
miR-383-5p.

DDIT4 is the downstream target of miR-383-5p

As Figure 5A shows, this study predicted that DDIT4 was
the target of miR-383-5p through the Starbase website. We
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Figure 4 Inhibiting the expression of 72iR-383-5p reversed the effects of interfering with MALATI gene expression on GC cell proliferation,
migration, invasion, and apoptosis. (A, B) The level of miR-383-5p was measured by qRT-PCR; (C) cell proliferation activity was measured
by the CCK-8 method; (D) cell migration ability was measured by the scratch test. The cell migration width was observed under an

inverted microscope with the original magnification of 50 times; (E) the invasion ability of cells was detected by transwell. The number of

transmembrane cells stained with crystal violet was observed under an inverted microscope, and the original magnification was 100 times;
(F) apoptosis was measured by flow cytometry. Compared to the control, NC inhibitor or si-NC + NC inhibitor group, *P<0.05, **P<0.01,
***P<0.001; Compared to the si-NC+miR-383-5p inhibitor group, *P<0.001. RS, resveratrol; NC, normal control; MALAT1, metastasis-
associated lung adenocarcinoma transcript 1; GC, gastric cancer; CCK-8, Cell Counting Kit 8; qRT-PCR, quantitative real-time PCR.
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Figure 5 MiR-383-5p targets DDIT# and inhibits its expression. (A) Starbase prediction target; (B) the targeting relationship between

miR-383-5p and DDIT4 was examined by a luciferase-reporter gene analysis; (C) the level of DDIT4 was measured by Western blot.
Compared to the NC or NC inhibitor group, **P<0.01, ***P<0.001. NC, normal control; DDIT4, DNA damage-inducible transcript 4.

then confirmed that miR-383-5p targeted DDIT4 through
a luciferase-reporter gene analysis (P<0.05; see Figure 5B).
Additionally, as Figure 5C shows, when the cells were
transfected with the NC inhibitor or 7iR-383-5p inhibitor,
the expression of miR-383-5p decreased significantly as the
level of DDIT#4 protein increased (P<0.05; see Figure 5C);
thus, confirming the targeting relationship between them.

Interfering with DDIT4 expression in GC cells reverses the
effects of the miR-383-5p inbibitor on cell proliferation,
migration, invasion, and apoptosis

As Figure 64 shows, when RS was used to treat GC cells,
the expression level of DDIT4 decreased significantly
(P<0.05). To verify the effectiveness of interfering with
DDIT4, we detected the expression of DDIT4 protein
when cells were transfected with si-NC and si-DDIT4. We
found that si-DDIT#4 significantly inhibited the expression
of DDIT4 protein (P<0.05), which provides evidence of
the effectiveness of the interfering substance, as shown in
Figure 6B. Additionally, the reversal effect of DDIT4
interference on the miR-383-5p inhibitor was also
examined when cells were transfected with si-DDIT4 and
miR-383-5p inhibitor at the same time. As Figure 6C-6F
show, when the expression of miR-383-5p decreased, the
cell proliferation activity increased (P<0.05), the ability
of migration and invasion increased (all P<0.05), and the

© Journal of Gastrointestinal Oncology. All rights reserved.

apoptosis decreased (P<0.05); however, when si-DDIT4 and
miR-383-5p inhibitor were co-transfected, the above effects
were reversed (all P<0.05). It is suggested that 72iR-383-5p
can regulate GC cells’ proliferation, migration, invasion,
and apoptosis by targeting DDIT4.

Discussion

According to China’s recent cancer statistics, GC is the
2nd leading cause of cancer-related death and poses a great
threat to public health (13). Conventional chemotherapy
or postoperative adjuvant chemotherapy is beneficial for
GC patients, but some patients cannot bear the side effects
of the treatment, which results in the interruption of
treatment. Recently, a series of drugs have been developed
in clinical trials to improve the treatment and prognosis of
GC patients (14). RS has been widely studied because of its
chemo-preventive and chemo-therapeutic potential (15),
and research has shown that RS inhibits the proliferation of
a variety of cancer cells (16,17). This study found that RS
treatment significantly inhibits the proliferation, migration,
and invasion of the GC cell line and induces apoptosis; thus,
RS is a promising natural therapeutic drug for GC.

The function of MALATI has been confirmed in various
human malignancies (18). The increased expression of
MALATI promotes the proliferation of cancer cells in
lung cancer (19). In pancreatic cancer, MALATI promotes
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Figure 6 Interfering with the expression of DDIT4 in GC cells reversed the effects of the miR-383-5p inhibitor on cell proliferation,
migration, invasion, and apoptosis. (A,B) The level of DDIT4 protein was measured by Western blot; (C) cell proliferation activity was
measured by the CCK-8 method; (D) cell migration ability was measured by the scratch test. The cell migration width was observed under
an inverted microscope with the original magnification of 50 times; (E) the invasion ability of cells was detected by transwell. The number
of transmembrane cells stained with crystal violet was observed under an inverted microscope, and the original magnification was 100 times;
(F) apoptosis was measured by flow cytometry. Compared to the control or si-NC or NC inhibitor group, *P<0.05, **P<0.01, **P<0.001;
compared to the miR-383-5p inhibitor group, *P<0.001. RS, resveratrol; NC, normal control; GC, gastric cancer; DDIT4, DNA damage-

inducible transcript 4; CCK-8, Cell Counting Kit 8.
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the proliferation and invasion of cancer cells and other
malignant behaviors (20). A previous study found that
the RS treatment of GC cells inhibits the expression of
MALATI (21). As a IncRNA, MALATI is known to play
an important role in various cancers as a miRNA sponge,
that is, as a potent miRNA inhibitor (22,23). Consistent
with previous study, this study found that interfering with
MALAT]I expression inhibits cell proliferation, invasion and
migration, and promotes the occurrence of apoptosis (24).
Thus, interfering with the expression of MALATI may
become a potential therapy in the treatment of GC.
Additionally, in view of the miRNA sponge function of
MALATI, through target prediction and a luciferase-reporter
gene analysis, MALATI was found to target mir-383-5p
and thus promote cancer. This suggests that MALATI may
play its role in regulating cancer cell function by inhibiting
the expression of 7iR-383-5p. A previous study shown that
the expression of 7iR-383-5p in lung adenocarcinoma was
significantly reduced (25). The overexpression of 7iR-383-
5p in vitro inhibits cell proliferation and induces apoptosis
through G1 cell-cycle arrest (25). In hepatocellular carcinoma,
miR-383-5p has been shown to be a tumor suppressor that
regulates the occurrence and development of hepatocellular
carcinoma by targeting AKRIBI0 (26). Azarbarzin er al.
found that the expression of 7iR-383-5p is downregulated in
intestinal GC, and can be used as a diagnostic biomarker (27).
The present study found that RS treatment induces the
increase of miR-383-5p expression in GC cells. When the
expression of miR-383-5p decreases, proliferation, invasion,
and migration increase, and the apoptotic response is
inhibited. Further, when the expression of MALATI and
miR-383-5p is reduced, the anti-cancer effect of miR-383-
5p is inhibited, suggesting that MALATI plays a cancer
promoting role by targeting miR-383-5p, that is, it plays a
role in miRINA sponge adsorption.

Additionally, through target prediction and a luciferase-
reporter gene analysis, we found that DDIT4 plays a role
as the target of miR-383-5p. DDIT4 is induced by various
stress conditions, including oxidative stress, endoplasmic
reticulum stress, hypoxia, and hunger (28). In previous
decades, the imbalance of DDIT4 expression has been
observed in many human malignant tumors (28-30). For
example, DDIT4 upregulates the CCAAT/enhancer-binding
protein B mediated autophagosome-lysosome fusion and
the desensitization of cells to anti-cancer drugs in prostate
cancer cells (29). Additionally, baicalein has been shown
to enhance DDIT# levels and inhibit the proliferation of
the mechanistic target of rapamycin complex 1 (mTORCI)

© Journal of Gastrointestinal Oncology. All rights reserved.
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and platinum-resistant cancer cells. Such results indicate
that DDIT4 could potentially serve as a chemo-therapeutic
and chemo-preventive agent (30). Du ez 4/ previously
reported that DDIT# expression had a promotive effect in
the proliferation and tumorigenesis of GC cells through
the p53 and mitogen-activated protein kinase (MAPK)
pathways (31). However, there is no relevant literature report
on the regulation of DDIT4 by MALATI or miR-383-5p.
In this study, through target prediction and luciferase reporter
gene analysis, it was found that miR-383-5p could target
DDITH4, thereby regulating its expression level. The present
study found that a decrease in DDIT4 and miR-383-5p
expression leads to the inhibition of the anti-cancer effect
of miR-383-5p, which suggests that miR-383-5p may play
an anticancer effect by targeting DDIT4 and regulating the
expression level of DDIT4. Therefore, the above results show
that the MALAT1/miR-383-5p/DDIT# pathway may function
as a potential pathway for the treatment of GC patients.

In conclusion, this study demonstrated that RS inhibits
the proliferation, migration and invasion of human GC cells
by regulating the MALAT1/miR-383-5p/DDIT4 pathway

and induces apoptosis.
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