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miR-183 inhibits autophagy and apoptosis in gastric cancer cells
by targeting ultraviolet radiation resistance-associated gene

YUAN YUAN'?, YOUWEI ZHANG!, LIANG HAN', SANYUAN SUN! and YONGQIAN SHU?

1Depar‘[ment of Oncology, Affiliated Xuzhou Central Hospital, Southeast University, Xuzhou, Jiangsu 221009;

2Departrnent of Oncology, First Affiliated Hospital of Nanjing Medical University, Nanjing, Jiangsu 210029, PR. China

Received April 12, 2018; Accepted August 21, 2018

DOI: 10.3892/ijmm.2018.3871

Abstract. Ultraviolet radiation resistance-associated gene
(UVRAG) regulates autophagy by promoting the forma-
tion and maturation of autophagosomes. The aim of the
present study was to investigate the effects of UVRAG and
UVRAG-targeting miRNA on the regulation of autophagy
and apoptosis in gastric cancer (GC). TargetScan was used to
predict that miR-183 targets the 3'-untranslated region (UTR)
of UVRAG, while the interaction between miR-183 and the
3'-UTR of UVRAG was assessed using a dual luciferase
reporter assay. Autophagy was induced in the GC cell line
MKN28 by serum starvation. miR-NC mimics, miR-183
mimics, miR-NC inhibitors and miR-183 inhibitors were
transfected into MKN28 cells, followed by assessment of
the UVRAG expression, cell viability and cell apoptosis by
western blotting, reverse transcription-quantitative polymerase
chain reaction, Cell Counting Kit-8 and flow cytometry,
respectively. It was demonstrated that autophagy resulted
in miR-183 downregulation and overexpression of UVRAG
mRNA and protein in MKN28 cells. Transfection with
miR-183 mimic or inhibitor affected the expression of miR-183
and, consequently, UVRAG. miR-183 overexpression reversed
the starvation-induced inhibition of cell proliferation, while
inhibition of miR-183 reduced the proliferation of GC cells.
miR-183 overexpression reversed starvation-induced apoptosis,
while miR-183 inhibition promoted starvation-induced apop-
tosis in GC cells. Finally, miR-183 overexpression attenuated
starvation-induced autophagy (LC-3), apoptosis (Bax/Bcl-2)
and UVRAG expression, while miR-183 inhibition exerted the
opposite effects. In conclusion, the results of the present study
indicated that miR-183 inhibits starvation-induced autophagy
and apoptosis by targeting UVRAG in human GC cells.
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Introduction

Gastric cancer (GC) is the second most common cause of
cancer-related mortality after lung cancer, with 738,000
deaths and 1 million new diagnoses reported annually
worldwide, despite recent improvements in developed coun-
tries (1). In China, 400,000 new cases of GC are diagnosed
annually, accounting for 42% of total cases worldwide (2).
The tumorigenesis of GC is complex and involves the deregu-
lation of a large number of genes (3,4). Despite advances in
the treatments available for GC, the prognosis of patients
with advanced-stage GC remains poor. Consequently, further
research into GC progression and the related molecular
mechanisms is required.

It has been reported that autophagy, which is responsible
for intracellular degradation and protein recycling, plays a key
role in tumor suppression and anticancer therapy (5). However,
the factors that regulate the crosstalk between autophagy
and apoptosis require further investigation to elucidate the
mechanisms that control cell survival and death (6).

As a cDNA partially complementing ultraviolet (UV)
radiation sensitivity, UV radiation resistance-associated
gene (UVRAG) was first isolated from xeroderma pigmen-
tosum cells (7), and there have also been studies that
indicated the important role of UVRAG in mammalian cell
autophagy (8,9). UVRAG, which is a mammalian homolog
of yeast Vps38, activates the Beclin-1/PI3K complex and
promotes the formation of autophagosomes (10). Moreover,
UVRAG has been reported to promote the maturation of
autophagosomes via recruiting HOPS complexes and Rab7
to the late endosome (11,12).

MicroRNAs (miRNAs) are small non-coding RNAs
(22-24 nucleotides in length) that play a role in the tran-
scriptional and post-transcriptional regulation of gene
expression (13) by pairing with the 3'-untranslated region
(UTR) of the corresponding mRNAs (14). Since the identifica-
tion of lin-4 and let-7 in Caenorhabditis elegans (C. elegans),
~2,000 miRNAs have been identified, accounting for 1%
of the human genome (15). miRNAs play a pivotal role in
carcinogenesis; some function as oncogenes, with their over-
expression leading to cancerous growth, while others act as
tumor suppressors, the downregulation of which results in
cancerous growth (16). Mounting evidence has revealed that
miRNAs are crucial for the proliferation, apoptosis, migration,
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invasion and metabolism of tumor cells (17). Reports of
miRNAs in autophagy have improved our understanding
of the pathogenesis of human diseases (18), indicating that
miRNAs may regulate autophagy-related genes and affect the
progression of cancer.

The aim of the present study was to explore miRNAs that
target UVRAG and participate in the regulation of autophagy
and apoptosis in GC.

Materials and methods

Cell culture. The GC cell line MKN28 was purchased from
The Institute of Biochemistry and Cell Biology at The
Chinese Academy of Sciences (Shanghai, China) and grown
in RPMI-1640 medium containing 10% fetal bovine serum
(FBS; Gibco; Thermo Fisher Scientific, Inc., Waltham, MA,
USA) supplemented with antibiotics at 37°C in a humidified
atmosphere containing 5% CO,. Cells at passages 5-20 were
used in the present study. To induce autophagy, MKN28 cells
were rinsed with phosphate-buffered saline (PBS) twice and
incubated with Hank's Balanced Salt solution (HBSS; Cellgro;
Corning Incorporated, Corning, NY, USA) for 4 h at 37°C in
a humidified atmosphere containing 5% CO,, as previously
described (19).

Transfection of miRNAs. miR-NC mimics, miR-183 mimics,
miR-NC inhibitors or miR-183 inhibitors (Ambion; Thermo
Fisher Scientific, Inc.) were transfected into MKN28 cells
using Lipofectamine® 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.) and OPTI-MEM I Reduced-Serum Medium
(Invitrogen; Thermo Fisher Scientific, Inc.) in accordance with
the manufacturer's instructions. The cell culture medium was
changed at 24 h post-transfection. The following experiments
were performed at 48 h post-transfection in triplicate.

Cell viability assay. MKN28 cells were seeded on 96-well
plates at a density of 3x10* cells/well, grown in RPMI-1640
medium containing 10% fetal bovine serum (FBS), and
transiently transfected with pre-miR-183 and miR-control
(Ambion; Thermo Fisher Scientific, Inc.; cat. no. AM17110).
At 5 days post-transfection, cell viability was detected
using Cell Counting Kit-8 (CCK-8; Dojindo Molecular
Technologies, Inc., Kumamoto, Japan). CCK-8 reagent
(10 ul) was added into each well and incubated at 37°C for
3 h. Absorbance was measured at 450 and 600 nm using a
spectrophotometer. Cell viability was evaluated using optical
density (OD) as follows: Cell viability = OD 53y - ODggo nm-
Each experiment was performed at least in triplicate. For the
detection of cell viability in the control, starvation and starva-
tion + miR-183 mimic/inhibitor groups, cells were treated as
follows: Control, cells incubated with RPMI-1640 medium
containing 10% FBS; starvation, cells incubated with HBSS;
starvation + miR-183 mimic/inhibitor, cells incubated with
HBSS, which were transfected with miR-183 mimic/inhibitor.

Flow cytometry assay. MKN28 cells were seeded in 12-well
plates and incubated for 48 h at 37°C. A total of 1x10°
MKN28 cells were collected by centrifugation at 1,000 x g
for 5 min at room temperature and washed three times with
PBS. Thereafter, MKN cells were fixed by pre-cooled 70%
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ethanol at -20°C overnight. On the next day, MKN28 cells
were re-suspended in RPMI-1640 medium with 10% FBS,
mixed with Annexin V-enhanced fluorescent dye and prop-
idium iodide (PI) and incubated for 20 min in the dark at
room temperature. Assay results were evaluated using flow
cytometry; the results were measured by Cell Quest soft-
ware (BD Biosciences, Franklin Lakes, NJ, USA). For the
detection of cell apoptosis in the control, starvation and star-
vation + miR-183 mimic/inhibitor groups, cells were treated
as follows: Control, cells incubated with RPMI-1640 medium
containing 10% FBS; starvation, cells incubated with HBSS;
starvation + miR-183 mimic/inhibitor, cells incubated with
HBSS, which were transfected with miR-183 mimic/inhibitor.

Dual luciferase reporter assay. The potential binding site
of UVRAG 3'-UTR with miRNA was predicted using
TargetScan (www.targetscan.org). miR-183 was predicted to
bind with UVRAG 3'-UTR. Wild-type (wt) and mutant (mut)
UVRAG 3'-UTR were synthesized and cloned into the Xbal
site (downstream of the luciferase stop codon) of pGL3 vectors
(Promega Corp., Madison, WI, USA). The resulting vectors
were named pGL3-wt-UVRAG and pGL3-mut-UVRAG,
respectively. 293 cells were cultured in 24-well plates and
transfected with 0.4 mg pGL3-Control, pGL3-wt-UVRAG
or pGL3-mut-UVRAG with pRL-TK luciferase reporter
(25 ng/well) and 20 nm pcDNA-miR-183 or pcDNA-miR-NC
using Lipofectamine® 2000. At 48 h post-transfection, a
Dual-Luciferase Reporter Assay was performed to assess
luciferase activity (Promega Corp.).

Western blotting. MKN28 cells were lysed using RIPA
buffer containing complete protease inhibitor cocktail
(Roche Molecular Diagnostics, Pleasanton, CA, USA).
Protein concentrations in each sample were determined
using a BCA kit (Beyotime Institute of Biotechnology,
Haimen, China) in accordance with the manufacturer's
instructions. Denatured proteins (15 ug) were separated by
12% SDS-polyacrylamide gels and transferred to nitrocellu-
lose membranes. Membranes were blocked in 5% skimmed
milk for 2 h at room temperature, followed by incubation
with primary antibodies in PBS containing 0.5% Tween-20
(PBST) at 4°C overnight. The primary antibodies were as
listed: UVRAG (ABS1600; 1:1,000; Millipore, Darmstadt,
Germany), BAX (50599; 1:1,000; ProteinTech Group, Inc.,
Chicago,IL,USA),Bcl-2 (12789; 1:1,000; ProteinTech Group,
Inc.), LC3B-I/II (L8918; Sigma-Aldrich; Merck KGaA,
Darmstadt, Germany) and GAPDH (5174; 1:1,000, Cell
Signaling Technology, Inc.). Subsequently, the membranes
were washed three times with PBST for 10 min, followed by
incubation with horseradish peroxidase (HRP)-conjugated
secondary antibody (ab97080; 1:5,000; Abcam, Cambridge,
MA, USA) at room temperature for 1 h. Finally, the nitro-
cellulose membranes were washed three times with PBST
for 10 min and the bands were visualized using enhanced
chemiluminescence (GE Healthcare Life Science, Little
Chalfont, UK) in accordance with the manufacturer's
instructions. For the detection of UVRAG protein level in
the control and starvation groups, the cells were treated as
follows: Control, cells incubated with RPMI-1640 medium
containing 10% FBS; starvation, cells incubated with HBSS.
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For the detection of UVRAG protein level in the control,
miR-NC mimic/inhibitor and miR-183 mimic/inhibitor
groups, the cells were treated as follows: Control, cells
incubated with RPMI-1640 medium containing 10% FBS;
miR-NC mimic/inhibitor, cells incubated with RPMI-1640
medium containing 10% FBS, which were transfected with
miR-NC mimic/inhibitor; miR-183 mimic/inhibitor, cells
incubated with RPMI-1640 medium containing 10% FBS,
which were transfected with miR-183 mimic/inhibitor. For
the detection of BAX, Bcl-2, LC3B-I/II and UVRAG in the
control, starvation and starvation + miR-183 mimic/inhibitor
groups, the cells were treated as follows: Control, cells
incubated with RPMI-1640 medium containing 10% FBS;
starvation, cells incubated with HBSS; starvation + miR-183
mimic/inhibitor, cells incubated with HBSS, which were
transfected with miR-183 mimic/inhibitor.

RNA extraction and reverse transcription-quantitative
polymerase chainreaction (RT-qPCR) analysis. Total RNA was
isolated from cultured MKN28 cells using TRIzol (Invitrogen;
Thermo Fisher Scientific, Inc.). The integrity, quantity and
purity of total RNA were determined using a Nano-Drop
8000 Spectrophotometer (Thermo Fisher Scientific, Inc.).
miR-183 was reverse-transcribed and cDNA was synthesized
from total RNA (10 ng) using a TagMan® Small RNA Assay
(Thermo Fisher Scientific, Inc.) in accordance with the manu-
facturer's instructions. Relative mRNA and miRNA levels
were quantified using a mirVanagRT-PCR miRNA Detection
kit and SYBR Green I (Applied Biosystems; Thermo Fisher
Scientific, Inc.). RT-qPCR was performed using an ABI
Prism 7900 Sequence Detection System (Applied Biosystems;
Thermo Fisher Scientific, Inc.). Subsequently, the quantifica-
tion cycle (Cq) of each sample was determined. The relative
mRNA levels and miRNA levels were calculated based on the
Cq values and 2224 method (20) and normalized to GAPDH
or U6 level in each sample, respectively. For the detection of
miR-183 and UVRAG in the control and starvation groups,
cells were treated as follows: Control, cells incubated with
RPMI-1640 medium containing 10% FBS; starvation, cells
incubated with HBSS. For the detection of UVRAG mRNA
level and miR-183 in the control, miR-NC mimic/inhibitor,
and miR-183 mimic/inhibitor groups, cells were treated as
follows: Control, cells incubated with RPMI-1640 medium
containing 10% FBS; miR-NC mimic/inhibitor, cells incu-
bated with RPMI-1640 medium containing 10% FBS, which
were transfected with miR-NC mimic/inhibitor; miR-183
mimic/inhibitor, cells incubated with RPMI-1640 medium
containing 10% FBS, which were transfected with miR-183
mimic/inhibitor.

Immunofluorescence staining. MKN28 cell were seeded on
glass slides in 24-well plates and incubated for 24 h at 37°C,
then rinsed with PBS three times. Thereafter, MKN28 cells
were fixed in 4% paraformaldehyde for 30 min and permeabi-
lized with 0.5% Triton X-100 for 1 h at 4°C. After blocking with
3% bovine serum albumin (Solarbio Life Sciences, Beijing,
China) for 1 h at room temperature, the cells were incubated
with rabbit anti-LC3B antibody (Sigma-Aldrich; Merck
KGaA) overnight at room temperature and goat anti-rabbit
Alexa Fluo488 (Invitrogen; Thermo Fisher Scientific, Inc.)
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for 2 h at room temperature. The cells were then mounted
onto coverslips using Prolong Gold anti-fade reagent with
4'-6-diamidino-2-phenylindole (Invitrogen; Thermo Fisher
Scientific, Inc.) for 2 h at room temperature. Images of immu-
nofluorescence staining in each group were captured using an
AV300-ASW confocal microscope (Olympus Corp., Tokyo,
Japan). For the detection of LC3 dot formation in the control,
starvation and starvation + miR-183 mimic/inhibitor groups,
the cells were treated as follows: Control, cells incubated with
RPMI-1640 medium containing 10% FBS; starvation, cells
incubated with HBSS; starvation + miR-183 mimic/inhibitor,
cells incubated with HBSS, which were transfected with
miR-183 mimic/inhibitor.

Statistical analysis. Data are expressed as the mean + standard
error of the mean. GraphPad Prism 5.0 (GraphPad Software,
Inc., La Jolla, CA, USA) was used for statistical analysis.
Student's t-test was used for comparisons between two groups,
while multiple group comparisons were performed using
one-way analysis of variance followed by Bonferroni's post
hoc test. P<0.05 was considered to indicate a statistically
significant difference.

Results

UVRAG and miR-183 expression following induction
of autophagy. Recent studies have revealed several
autophagy-related microRNAs in cancer, including
miR-183 (21,22). miR-183 has clinical implications in cancer
patients; for example, it was reported to be a biomarker for
bladder cancer (23). To explore the potential association
between miR-183 and autophagy in GC, the level of miR-183
expression was evaluated under baseline conditions and after
the induction of autophagy.

As shown in Fig. 1A, RT-qPCR analysis revealed that
serum starvation resulted in a distinct downregulation
of miR-183 in MKN28 cells. In addition, UVRAG was
identified as an mRNA target for miR-183 (Fig. 1B), and
the dual luciferase reporter assay revealed that the 3'UTR
of UVRAG was targeted by miR-183 (Fig. 1C). UVRAG
protein and mRNA expression were increased following
induction of autophagy in MKN28 cells, as demonstrated
by western blotting and RT-qPCR, respectively (Fig. 1D-F).
These results indicate a potential physiological function of
miR-183 in GC autophagy, prompting us to further explore
its precise function.

miR-183 mimics and inhibitors regulate the expression of
miR-183 and UVRAG. RT-qPCR was performed to assess the
effects of miR-183 mimics and inhibitors on the expression
of miR-183 and UVRAG in MKN28 cells. It was observed
that, compared with the control and miR-NC groups, miR-183
mimics significantly upregulated the expression of miR-183,
while miR-183 inhibitor significantly downregulated the
expression of miR-183 (Fig. 2A and B). Compared with the
control and miR-NC groups, miR-183 mimics significantly
downregulated the expression of UVRAG mRNA, while
miR-183 inhibitors had the opposite effect (Fig. 2C and D). The
effects of miR-183 mimics and inhibitors on the expression
of UVRAG protein was similar to that observed for mRNA
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Figure 1. miR-183 downregulation and UVRAG upregulation were observed following starvation-induced autophagy. MKN28 cells were incubated in HBSS
for 4 h (starvation conditions). (A) The relative expression of miR-183 in MKN28 cells was assessed using qPCR. (B) The miR-183 and UVRAG binding
site was predicted by TargetScan. (C) The interaction between miR-183 and UVRAG was revealed using a dual luciferase assay. (D) The relative expression
of UVRAG mRNA in MKN28 cells was assessed using qPCR. (E and F) The relative expression level of UVRAG protein in MKN28 cells was assessed by
western blotting. n=3. “P<0.01 starvation vs. control or miR-183 mimic vs. miR-NC mimic. Control, cells incubated with RPMI-1640 medium containing
10% FBS; starvation, cells incubated with HBSS. UVRAG, ultraviolet radiation resistance-associated gene; HBSS, Hank's Balanced Salt solution; qPCR,
quantitative polymerase chain reaction; FBS, fetal bovine serum; NC, negative control.

(Fig. 2E and F). These findings provide a new insight into the
exact effects of miR-183 mimics and inhibitors on miR-183
and UVRAG expression. Transfection with miR-NC mimics
or inhibitors resulted in no significant changes in miR-183 or
UVRAG expression.

miR-183 regulates starvation-induced changes in cell
viability and apoptosis. The effect of miR-183 on starva-
tion-mediated cell death was assessed using CCK-8 and flow
cytometry assays. Compared with the control group, starva-
tion induction significantly downregulated cell viability;
this effect was inhibited by miR-183 mimics (Fig. 3A)
and enhanced by miR-183 inhibitors (Fig. 3B). Compared

with the control group, starvation induction significantly
upregulated cell apoptosis; this effect was reversed by
miR-183 mimics (Fig. 4A and B) and augmented by miR-183
inhibitors (Fig. 4C and D). These findings may provide novel
insight into the exact role of miR-183 mimics and inhibi-
tors in starvation-induced cell viability and cell apoptosis.
However, the molecules that are involved in cell apoptosis
remain to be investigated.

miR-183 regulates starvation-induced changes in Bax/Bcl-2,
LC3B-1I/LC3B-I and UVRAG expression. We next exam-
ined the effect of miR-183 on cell death-related proteins
in MKN28 cells following serum starvation. Treatment
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Figure 2. Effects of miR-183 mimics and inhibitors on miR-183 and UVRAG expression. Compared with the control and miR-NC groups, the expression
of miR-183 was (A) significantly upregulated by miR-183 mimics and (B) downregulated by miR-183 inhibitors. Compared with the control and miR-NC
groups, the expression of UVRAG mRNA was (C) significantly downregulated by miR-183 mimics and (D) significantly upregulated by miR-183 inhibi-
tors. (E and F) miR-183 mimics and inhibitors exerted similar effects on the expression of UVRAG protein. n=3. “P<0.01 miR-183 mimic vs. miR-NC
mimic or miR-183 inhibitor vs. miR-NC inhibitor. n.s., no significant difference. Control, cells incubated with RPMI-1640 medium containing 10% FBS;
miR-NC mimic/inhibitor, cells incubated with RPMI-1640 medium containing 10% FBS, which were transfected with miR-NC mimic/inhibitor; miR-183
mimic/inhibitor, cells incubated with RPMI-1640 medium containing 10% FBS, which were transfected with miR-183 mimic/inhibitor. NC, negative control;
UVRAG, ultraviolet radiation resistance-associated gene; FBS, fetal bovine serum.
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Figure 3. miR-183 regulates starvation-induced changes in cell viability. Compared with the control group, starvation induction significantly decreased
cell viability, which was (A) reversed by miR-183 mimics and (B) augmented by miR-183 inhibitors. n=3. “P<0.01 starvation vs. control; “P<0.01
starvation + miR-183 mimic or inhibitor vs. starvation. Control, cells incubated with RPMI-1640 medium containing 10% FBS; starvation, cells incubated
with Hank's Balanced Salt solution; starvation + miR-183 mimic/inhibitor, cells incubated with Hank's Balanced Salt solution, which were transfected with
miR-183 mimic/inhibitor. FBS, fetal bovine serum.

with miR-183 mimics significantly enhanced cell survival ratios. Treatment with miR-183 mimics significantly
and desensitized cells to starvation-induced apoptosis, as  reduced the starvation-induced upregulation of UVRAG
evidenced by decreased Bax/Bcl-2 and LC3B-II/LC3B-I  (Fig. 5A-D), while treatment with miR-183 inhibitors
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Figure 4. miR-183 regulated starvation-induced changes in cell apoptosis. Compared with the control group, starvation induction significantly upregulated cell
apoptosis, which was reversed by miR-183 mimics (A and B) and augmented by miR-183 inhibitors (C and D) n=3. “P<0.01 starvation vs. control; #P<0.01
starvation + miR-183 mimic or inhibitor vs. starvation. Control, cells incubated with RPMI-1640 medium containing 10% FBS; starvation, cells incubated
with Hank's Balanced Salt solution; starvation + miR-183 mimic/inhibitor, cells incubated with Hank's Balanced Salt solution, which were transfected with

miR-183 mimic/inhibitor. FBS, fetal bovine serum.

exerted the opposite effects (Fig. SE-H). These findings
may provide novel insight into the exact role of miR-183
mimics and inhibitors in starvation-induced Bax/Bcl-2,
LC3B-II/LC3B-1 and UVRAG expression. However, the
role of miR-183 in starvation-induced autophagy remains to
be investigated.

miR-183 regulates starvation-induced autophagy. The effects
of miR-183 on autophagy were assessed using immuno-
fluorescence staining. Starvation-induced LC3 dot formation
(Fig. 6A and B) was reversed by miR-183 mimics (Fig. 6A) and
promoted by miR-183 inhibitors in MKN28 cells (Fig. 6B). In
summary, miR-183 inhibited starvation-induced autophagy.
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Figure 5. miR-183 regulated starvation-induced changes in Bax/Bcl-2, LC3B-II/LC3B-I and UVRAG expression. (A-D) miR-183 mimics significantly
decreased the Bax/Bcl-2 and LC3B-II/LC3B-I ratios and increased UVRAG expression following serum starvation. (E-H) miR-183 inhibitors significantly
increased the Bax/Bcl-2 and LC3B-II/LC3B-I ratios and decreased UVRAG expression following serum starvation. n=3. "P<0.05, “P<0.01 starvation vs.
control; “P<0.05 and "P<0.01 starvation + miR-183 mimic or inhibitor vs. starvation. Control, cells incubated with RPMI-1640 medium containing 10% FBS;
starvation, cells incubated with Hank's Balanced Salt solution; starvation + miR-183 mimic/inhibitor, cells incubated with Hank's Balanced Salt solution,
which were transfected with miR-183 mimic/inhibitor. UVRAG, ultraviolet radiation resistance-associated gene; FBS, fetal bovine serum.

Discussion

Apoptosis is established as the major mechanism of
programmed cell death (PCD) and has been widely

investigated (24). However, apoptosis is not the sole type of
PCD; autophagy (‘self-eating’) plays a role in self-destructive
cell progression and is intimately associated with the patho-
genesis of a number of human diseases, including cell death
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Figure 6. miR-183 regulated starvation-induced LC3 dot formation.
Starvation-induced LC3 dot formation was (A) reversed by miR-183
mimics and (B) promoted by miR-183 inhibitors in MKN28 cells. Control,
cells incubated with RPMI-1640 medium containing 10% FBS; starvation,
cells incubated with Hank's Balanced Salt solution; starvation + miR-183
mimic/inhibitor, cells incubated with Hank's Balanced Salt solution, which
were transfected with miR-183 mimic/inhibitor. FBS, fetal bovine serum.

in GC (25). Autophagy and apoptosis commonly occur in the
same cell, and autophagy precedes apoptosis (26). Autophagy
triggers necrosis and stimulates cell death by apoptosis (27);
however, the final cell death is achieved by autophagy but not
apoptosis (28). It remains to be determined how autophago-
some accumulation triggers apoptosis (29).

The role of miRNAs in autophagy may improve our
understanding of the pathogenesis of multiple types of human
diseases (18), as miRNAs regulate autophagy-related genes
and affect the progression of cancer. For example, miR-183
has been reported to modulate autophagy and apoptosis in
colorectal cancer (19). miR-183 has clinical implications in
cancer patients; for example, it was reported to be a biomarker
for bladder cancer (23). Furthermore, miR-183 inhibits GC
cell proliferation and invasion by targeting Bmi-1 (30), while
miR-183-5p is negatively correlated with the overall survival
of GC patients (31). These findings suggest the potential
role of miR-183 in GC and autophagy. In colorectal cancer,
autophagy is an important mechanism affecting the interaction
between genetic susceptibility and metabolic dysregulation,
which contributes to the pathogenesis of the disease (32).
Consequently, investigating the mechanism by which miR-183
and autophagy pathways are modulated may improve our
understanding of GC pathogenesis.

3569

UVRAG has recently been identified as a risk factor for
colorectal cancer (33). Genotoxic and metabolic stress may
result in UVRAG upregulation and apoptosis of human tumor
cells (34). Surprisingly, UVRAG binds to Bax in the cytosol
and prevents translocation of Bax to the mitochondria (35),
suggesting that UVRAG may interact with other Bcl-2 family
members to induce autophagy and trigger cell death.

LC3 is one of the biomarkers of autophagy. Once autophagy
is initiated, cytosolic LC3-I converts to membrane-bound
LC3-II, which is indispensable for the formation of
autophagosomes (36).

In summary, the results of the present study demonstrated
that miR-183 inhibits starvation-induced autophagy (LC3) and
apoptosis (BAX/Bcl-2) in the human GC cell line MKN28
[identified as a derivative of the MKN74 cell line (https://web.
expasy.org/cellosaurus/CVCL_1416) (37), suggesting that
miR-183 acts as an autophagy-related oncogene; these
findings were consistent with previous studies (19,34-36).
Understanding the newly identified functions of miR-183 may
allow for the development of promising therapeutic strategies
for improving the clinical outcomes of cancer patients.

There were certain limitations to the present study. For
example, only one cell line was used, and we plan on using at
least one more cell line in our future research. Furthermore,
the molecular mechanisms underlying the effects of miR-183
remain unclear and, thus, require further investigation in
future studies.
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