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miRNA-183-5p.1 promotes the migration and invasion
of gastric cancer AGS cells by targeting TPM1
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Abstract. MicroRNA-183 (miR-183) is a small, non-coding
RNA that is involved in post-transcriptional processes, is
upregulated in gastric cancer and acts as an oncogene in cancer
migration. Although fragmentary reports have demonstrated
the importance of miR-183 in gastric cancer, its biofunctions
and regulatory effects are still unknown. In the present study,
the gene and protein expression levels were determined by
reverse transcription-quantitative PCR and western blot
analysis. The connection between miR-183-5p.1 and tropo-
myosin 1 (TPM1) was tested through luciferase reporter
experiments. Cell viability, apoptosis and related proteins were
detected by MTT assay, flow cytometry, immunofluorescence
and western blotting, respectively. The migration and invasion
of AGS cells modulated by miR-183-5p.1 were analyzed by
Transwell assay. TPM1 expression was found to be decreased
in gastric cancer tissues and cell lines when compared with
normal and adjacent tissues and gastric epithelial cells, and
was regulated by miR-183-5p.1 targeting TPM1. miR-183-5p.1
overexpression facilitated the growth and suppressed the
death of AGS cells through Bcl-2 and P53 proteins. In addi-
tion, miR-183-5p.1 restricted TPM1, TPM2 and TPM3 protein
expression in AGS cells. The excessive levels of miR-183-5p.1
promoted the migration and invasion of AGS cells, and inhib-
ited the apoptosis of AGS cells. However, the knockdown of
miR-183-5p.1 induced the opposite in AGS cells. In conclu-
sion, miR-183-5p.1 promotes cell proliferation, migration
and invasion by downregulating TPM1 and deactivating the
Bcl-2/P53 signaling pathways in gastric cancer, indicating
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that miR-183-5p.1 and TPM1 may be potential targets for the
diagnosis or therapy of gastric cancer in the future.

Introduction

Gastric cancer (GC) is the fourth most commonly diag-
nosed type of cancers and is the third highest cause of
cancer-associated death worldwide, thereby making it a severe
public health concern (1). GC most frequently occurs in East
Asia and is the second most deadly cancer in China according
to recent statistics (2). The multifactorial pathogenesis of GC
involves the genetic and epigenetic alterations of oncogenes,
tumor-suppressor genes and growth factors involved in GC
development (3). Poor early screening results in delayed diag-
nosis, and currently there are no sufficient therapeutic methods
available that can reduce its high death probability. At present,
identifying potential molecular targets of the metastatic
process is critical for the identification and therapy of GC.
MicroRNAs (miRNAs/miRs), 18- to 22-nucleotide-long
non-coding RNAs, are pivotal in post-transcriptional regula-
tion, and mainly bind to the miRNA recognizing elements
in the 3'-untranslated region (UTR) to silence the target
mRNA and decrease the expression of the corresponding
protein (4). miRNAs modulate the expression of their target
genes in various diseases including cancer and thereby regu-
late multitudinous physiological and pathological processes
(including occurrence, differentiation, stress response, death
and proliferation) (5-9). miRNAs have been reported to cause
or suppress tumors, and various miRNAs can be abnormally
expressed in different types of cancer, indicating that miRNAs
could potentially be applied as cancer diagnostic and treatment
strategies (10). Dysregulated miRNAs have been observed in
GC and participate in the diffusion, apoptosis, movement and
invasion of GC cells by regulating different tumor-related
target genes (11-13). The expression of miR-183 was found to
be elevated in colon cancer, synovial sarcoma and GC, and
this dysregulation was also observed in the corresponding
tumor-derived cell lines. For example, miR-183 potentially
produces tumors by regulating the tumor-suppressor genes
EGRI and PTEN, and the breakdown of this essential miRNA
modulation system is probably pivotal to the development of a
diverse range of tumors, including colon cancer and synovial
sarcoma (14). Previous studies have revealed that miR-183
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may function as an oncogene by regulating GC cell prolif-
eration, apoptosis and metastasis, and the oncogenic effect
of miR-183 may be via directly targeting PDCD4 (15). In
addition, miR-183 is downregulated in GC cells and tissues,
and inhibits GC cell proliferation and invasion by targeting
Bmi-1. Therefore, targeting miR-183 may be a potential thera-
peutic strategy in GC patients (16). At present, to the best of
our knowledge, there have been no reports regarding the roles
of tropomyosin (TPM) in GC, but its receptor kinase TPM-
related receptor kinase B (TrkB) has been shown to promote
cell proliferation and invasion, and is associated with the
poor prognosis of various malignancies (17). However, TrkA
expression is associated with tumor progression and poor
survival, and is an independent predictor of poor outcomes in
patients with GC (18). In addition, the roles of miR-183 in GC
progression are still not completely understood. The aim of the
present study was to clarify the influence of miR-183-5p.1 on
GC motility as well as the underlying mechanisms.

Materials and methods

Sample collection. GC samples were collected from
24 GC patients who underwent surgical resection between
January 2015 and April 2017 at Shanghai General Hospital,
Shanghai Jiaotong University School of Medicine. Patients
were aged between 42 and 72 years, with a median of 56 years.
All patients gave written informed consent and all protocols
were approved by the Ethics Committees of Shanghai General
Hospital, Shanghai Jiaotong University School of Medicine
(No. 2018KYO012).

Cell culture. GES-1 cells and the human GC cell lines
MKN-7, AGS and HGC-27 (Cell Resource Center of Shanghai
Academy of Sciences, Chinese Academy of Sciences) were
cultured in wells or flasks at 37°C under 5% CO, in Dulbecco's
modified Eagle's medium (DMEM; HyClone; GE Healthcare
Life Sciences) containing 100 pg/ml streptomycin, 100 U/ml
penicillin, and 10% (v/v) fetal bovine serum (FBS; HyClone;
GE Healthcare Life Sciences). Cell morphology was observed
under an inverted microscope.

Reverse transcription-quantitative PCR (RT-qPCR). All
primers for miR-183-5p.1 and TPM1 were synthesized by
Invitrogen (Thermo Fisher Scientific, Inc.). Total RNA isolated
using TRIzol reagent (Thermo Fisher Scientific, Inc.) was
quantified spectrophotometrically. The samples were analyzed
on an ABI 7500 RT-PCR device (Applied Biosystems; Thermo
Fisher Scientific, Inc.) according to the manufacturer's protocol
and GAPDH and U6 genes were used as the internal controls.
The primers used for PCR were as follows: TPM1 forward
primers, 5'-GCCGACGTAGCT TCT CTGAAC-3' and reverse,
5"TTTGGGCTCGACTCTCAATGA-3"; GAPDH forward
primers, 5'-ATTCCATGGCACCGTCAAGGCTGA-3" and
reverse, 5-TTCTCCATG GTGGTGAAGACGCCA-3'"
miR-183-5p.1 RT primer, 5'-GCGAGCACAGA
ATTAATACGACTCACTATAGG-3"; miR-183-5p.1
forward, 5'-TATGGCACTGGT AGAATTCACT-3' and
reverse, 5'-GCGAGCACAGAATTAATACGAC-3"; U6
forward, 5'-CTCGCTTCGGCAGCACA-3' and reverse,
5-AACGCTTCACGAATT TGCGT-3"; and GAPDH forward,
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5'-CTCAGACACCATGGGGAAGGTGA-3' and reverse,
5'-ATGATCTTGAGGCTGTTGTCATA-3". All results were
quantified using the 2"24% method as previously described (19).

Transfection of miR-183-5p.1 oligonucleotides. The
miR-183-5p.1 oligonucleotides were provided by Tiangen
Biotech Co., Ltd. GES-1, MKN-7, AGS and HGC-27 cells
seeded in 6-well plates (Corning Incorporated) at 50% conflu-
ence were incubated overnight and then transfected with
100 nM miRNA with Lipofectamine 2000™ (Invitrogen;
Thermo Fisher Scientific, Inc.) for 48 h. miR-183-5p.1 expres-
sion was then quantified by RT-qPCR.

Luciferase reporter assay. The target genes of miR-183-5p.1
were predicted by TargetScan (www.targetscan.org/vert_71/)
and confirmed by miRBase (www.mirbase.org) or miRecords
(mirecords.biolead.org/). A potential target gene, TPM1, was
identified. Based on the sequence of TPM1 (National Center
for Biotechnology Information Genbank), the 3'-UTR was
transformed via amplification and cloning into a specific vector
TPM1-UTR-pISo, which was used to build the Luciferase
reporter plasmids of WT-TPM1 and MUT-TPM1 mRNAs.
After 24 h of culture, the AGS cells were co-transfected with
miR-183-5p.1 inhibitors and mimics using the transfection
reagent. The relative luciferase activity of TPM1 was detected
via dual-luciferase reporter experiments.

Methyl thiazolyl tetrazolium (MTT) assays. The
co-transfected GES-1, MKN-7, AGS, and HGC-27 cells were
plated on 96-well plates (5x10* cells/well) for 0, 12, 24, 48 or
72 h of culture. After 4 h of treatment with 20 ul of 5 mg/ml
sterilized MTT (Sigma-Aldrich; Merck KGaA) at 37°C, the
incubation medium was changed to 150 pl of dimethyl sulf-
oxide. The absorbance at 490 and 540 nm was detected via
an enzyme-linked immunosorbent assay reader (BioTek
Instruments, Inc.). Experiments were conducted in triplicate.

Flow cytometry. GES-1, MKN-7, AGS and HGC-27 cells
co-transfected with miR-183-5p.1 mimics and miR-183-5p.1
inhibitors for 24 h were detected using an Annexin V-FITC
Apoptosis kit (BD Biosciences; cat. no. 559763), according to
the manufacturer's protocols. Briefly, transfected cells were
washed with PBS twice and re-suspended in 100 pl 1X binding
buffer (BD Biosciences; cat. no. 559763), then incubated
for 15 min with Annexin-V/PI (each 5 ul; BD Biosciences;
cat. no. 559763) at 37°C in the dark. Finally, 400 pl 1X binding
buffer was added to each tube and analyzed on a FACS
Canto II flow cytometer (BD Biosciences) using FlowJo 7.6
software (Tree Star, Inc.).

Transwell assays. Cell migration and invasion were evaluated
in 12-well Transwell chambers with 8.0-ym PET film pores
(Corning Inc.). Firstly, the lower chamber was filled with 600 ul
of medium with 10% FBS as the attracting agent. Then to the
upper chamber 100 ul of serum-free DMEM with 1x10° cells
was added, and then incubated for 48 h. The transmigrating
cells, after fixation in methanol, staining with 0.2% gentian
violet (m/v; Sigma-Aldrich; Merck KGaA) and washing with
PBS, were photographed under an upright microscope, and the
number of cells was counted.
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Figure 1. Expression of miR-183-5p.1 and TPM1 in GC cells and tissues. miR-183-5p.1 levels in (A) normal tissues, adjacent tissues, GC tissues and (B) normal
gastric epithelial cells (GES-1) and GC cell lines (MKN-7, AGS, HGC-27) were determined by RT-qPCR. TPM1 mRNA expression in (C) normal tissues,
adjacent tissues, GC tissues and (D) GES-1, MKN-7, AGS, HGC-27 cells as quantified by RT-qPCR. (E) TPM1 protein expression in GES-1 and AGS cells was
determined by western blotting and (H) statistically analyzed. (F) TPM1 protein expression in GES-1 and MKN-7 cells was determined by western blotting and
(I) statistically analyzed. (G) TPM1 protein expression in GES-1 and HGC-27 cells was determined by western blotting and (J) statistically analyzed. Results

are presented as the mean = standard error of the mean (n=3) "P<0.05, “P<0.01,

PCR; TPMI, tropomyosin 1; miR, microRNA.

Western blot analysis. After lysis in a radioimmunoprecipita-
tion assay buffer with Roche protease inhibitor cocktail (Roche
Diagnosis), total proteins were detected via the bicinchoninic
acid method. The supernatant of the cell lysates containing 50 ug
of protein were run on 10% SDS-PAGE and then transferred
to polyvinylidene difluoride membranes (EMD Millipore).
Membranes were cultured with primary antibodies raised against
TPM1 (Invitrogen; Thermo Fisher Scientific, Inc.; dilution

ok

P<0.001. GC, gastric cancer; RT-qPCR, reverse transcription-quantitative

1:1,000; cat. no. PA5-29846), TPM2 (Invitrogen; Thermo Fisher
Scientific, Inc.; dilution 1:1,000; cat. no. PA5-22012), TPM3
(Invitrogen; Thermo Fisher Scientific, Inc.; dilution 1:1,200;
cat.no. PA5-29005), Bcl-2 (Invitrogen; Thermo Fisher Scientific,
Inc.; dilution 1:1,200; cat. no. 13-8800), P53 (Invitrogen; Thermo
Fisher Scientific, Inc.; dilution 1:1,000; cat. no. MA5-12554)
and GAPDH (Invitrogen; Thermo Fisher Scientific, Inc.; dilu-
tion 1:2,000; cat. no. PA1-987-HRP), and Goat anti-Rabbit
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Figure 2. Effect of miR-183-5p.1 on the proliferation of GC cells as determined by MTT assay. miR-183-5p.1 inhibitors and mimics significantly suppressed
and promoted, respectively, the cell viability of (A) GES-1, (B) MKN-7, (C) AGS and (D) HGC-27 cells. Results are presented as the mean + standard error of

the mean (n=3). "P<0.05, “P<0.01. GC, gastric cancer; miR, microRNA.

IgG (H+L) Cross-Adsorbed Secondary Antibody, horseradish
peroxidase (HRP)-conjugated (Invitrogen; Thermo Fisher
Scientific, Inc.; dilution 1:2,000; cat. no. G-21234) or Goat
anti-Mouse IgG (H+L) Cross-Adsorbed Secondary Antibody,
HRP-conjugated (Invitrogen; Thermo Fisher Scientific, Inc.;
dilution 1:2,000; cat. no. G-21040) raised against the primary
antibodies. Blots were analyzed using the enhanced chemilu-
minescence matrix. Band intensity was assessed with ImageJ
1.45 software (National Institutes of Health, Bethesda, MD,
USA).

Immunofluorescence analysis. The apoptosis of AGS cells
transfected with miR-183-5p.1 oligonucleotides was analyzed
using a Hoechst 33258 detection kit (Beyotime Institute of
Biotechnology; cat. no. C1011) and TUNEL assay (Beyotime
Institute of Biotechnology; cat. no. C1089) according to the
manufacturer's protocols. After transfection, cells were
washed with PBS twice and incubated with Hoechst 33258
reagent (50 ul) for 60 min at 37°C in the dark, and then washed
with PBS twice. After this, cells were stained with TUNEL
solution (50 p) for 60 min at 37°C in the dark and washed with
PBS twice. Images were captured and the cells were counted
using an Olympus CKX53 inverted fluorescence microscope
(magnification, x200). The immunostained sections were
evaluated by two independent pathologists.

Statistical analysis. All data were analyzed with SPSS 16.0
(SPSS, Inc.). Statistical analysis was conducted via Student's
t-test and one-way analysis of variance with Tukey's post
hoc test. The plotting of graphs was conducted on GraphPad

Prism 5.0 (GraphPad Software, Inc.). Results are expressed as
the mean + standard error of mean. P<0.05 was considered to
indicate a statistically significant difference.

Results

miR-183-5p.1 and TPM1 expression in GC tissues or cells.
RT-gPCR revealed that miR-183-5p.1 expression was signifi-
cantly increased in GC tissues when compared with that noted
in the normal or adjacent tissues (Fig. 1A), and increased
in MKN-7, AGS and HGC-27 cells when compared with
GES-1 cells (Fig. 1B). Notably, TPM1 mRNA expression was
decreased in the GC tissues when compared with that in normal
or adjacent tissues (Fig. 1C) and in MKN-7, AGS and HGC-27
cells compared with that noted in the GES-1 cells (Fig. 1D). The
TPMI1 protein expression in AGS, MKN-7 and HGC-27 cells
(Fig. 1E-J) was consistent with that observed at the mRNA level.

miR-183-5p.1 modulates the viability of GC cells. The roles
of miR-183-5p.1 in regulating cancer were assessed through
MTT assays to investigate the viability of the transfected
GES-1 (Fig. 2A), MKN-7 (Fig. 2B), AGS (Fig. 2C) and
HGC-27 cells (Fig. 2D). The viability of the MKN-7, AGS
and HGC-27 cells was significantly enhanced via culture with
the miR-183-5p.1 mimics, but was significantly inhibited by
miR-183-5p.1 inhibitors.

miR-183-5p.1 targets the TPM1 gene directly in GC. To
determine the biofunctions of miR-183-5p.1 in GC, the present
study identified the potential target genes of miR-183-5p.1
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Figure 3. Experimental validation of miR-183-5p.1 as a TPMI regulator. (A) miR-183-5p.1 binding with the 3'UTR of TPM1 predicted by TargetScan and
coding sequence of miR-183-5p.1 and TPMI. The luciferase activities of WT-TPM1 mRNAs in GC (B) AGS and (J) HGC-27 cells were significantly enhanced
by transfection with miR-183-5p.1 inhibitors and markedly decreased in (F) AGS and (O) HGC-27 cells by miR-183-5p.1 mimics following the Luciferase
reporter assay. TPMI expression was markedly increased in (C-E) AGS and (K-N) HGC-27 cells by miR-183-5p.1 inhibitors and significantly decreased in
(G-I) AGS and (P-R) HGC-27 cells by miR-183-5p.1 mimics as revealed by reverse transcription-quantitative PCR and western blotting. GAPDH served as the
internal control. Results are presented as the mean + standard error of the mean (n=3). "P<0.05, “P<0.01, "“P<0.001. TPMI1, tropomyosin 1; GC, gastric cancer;
miR, microRNA; WT, wild-type; UTR, untranslated region.

that were dysregulated in GC using three predictive algo-  was validated through Luciferase reporter assay. Plasmids
rithms: TargetScan, PicTar and MicroCosm. TargetScan of TPMI-UTR-pISo (WT) and Mu-TPM1-UTR-pIS0O
showed that TPM1 was a key target gene of miR-183-5p.1, (MUT) were established and separately transfected into
and that miR-183-5p.1 was bound to the 3'UTR of TPM1  AGS and HGC-27 cells. It was demonstrated that miR-183-5p.1
(Fig. 3A). The relationship between miR-183-5p.1 and TPM1 inhibitors markedly intensified the luciferase activity of
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Figure 4. miR-183-5p.1 regulates the apoptosis of GC cells as detected by flow cytometry. miR-183-5p.1 inhibitors increased the apoptosis of (A and B) GES-1,
(C and D) MKN-7, (E and F) AGS and (G and H) HGC-27 cells, while miR-183-5p.1 mimics significantly inhibited the apoptosis of (A and B) GES-1,
(C and D) MKN-7, (E and F) AGS and (G and H) HGC-27 cells. Results are presented as the mean = standard error of the mean (n=3). "P<0.05, “P<0.01. GC,

gastric cancer; miR, microRNA.

TPM1-UTR-pISo (WT; Fig. 3B and J). Furthermore, transfec-
tion with miR-183-5p.1 inhibitors markedly elevated TPM1
expression in AGS cells (Fig. 3C-E) and HGC-27 cells (3K-N)
at the mRNA and protein levels. Additionally, transfection with
miR-183-5p.1 mimics significantly weakened the luciferase
activity of TPM1-UTR-pISo (WT; Fig. 3F and O) and TPM1
expression in the AGS cells (Fig. 3G-I) and HGC-27 cells
(3P-R). Taken together the results indicate that TPM1 is one of
the target genes of miR-183-5p.1.

Apoptosis of GC cells is regulated by miR-183-5p.1. To
investigate the function of miR-183-5p.1 in the early and the
late apoptosis of GC cells, GES-1, MKN-7, AGS and HGC-27

cell lines were analyzed by flow cytometry. Knockdown of
miR-183-5p.1 enhanced the early and the late apoptosis of
GES-1 cells (Fig. 4A and B). In addition, the flow cytom-
etry results revealed that the early and the late death of
MKN-7 (Fig. 4C and D), AGS (Fig. 4E and F) and HGC-27
(Fig. 4G and H) cells was promoted by the knockdown of
miR-183-5p.1, while the early and the late apoptosis of GES-1
(Fig. 4A and B) and AGS cells (Fig. 4E and F) was significantly
inhibited by the overexpression of miR-183-5p.1.

Expression of TPM2 and TPM3 is affected by miR-183-5p.1.
The protein expression of TPM?2 and TPM3 was analyzed by
western blot analysis. The expression of TPM2 and TPM3



ONCOLOGY REPORTS 42: 23712381, 2019 2377

A Pre-NC miR-183-5p.1 mimics B 15- AGS
|l TPM2
TPM2 Bl TPM3
=
£1.04
c
g
c
TPM3 g
& 054
EXTS ey
GAPDH
[} -3 (&) -8
T SE :z  8E
£ 8F £ 8E
N . o a = £
C Pre-NC miR-183-5p.1 mimics D - AGS
s B TPM2
5 Wl TPM3
=
w
% Xk
E 24
=
c
]
om
1 -
0-
g &8 o &%
® £5 ¢ 95
s 4
E E

Figure 5. Effect of miR-183-5p.1 on the expression of TPM2 and TPM3 in GC AGS cells. (A and B) miR-183-5p.1 mimics downregulated the expression of
TPM2 and TPM3 as determined by western blotting. (C and D) miR-183-5p.1 inhibitors promoted the expression of TPM2 and TPM3 as detected by western
blotting. Results are presented as the mean + standard error of the mean (n=3). ““P<0.001. GC, gastric cancer; miR, microRNA; TPM, tropomyosin.
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Figure 6. Functional assays of miR-183-5p.1-transfected GC AGS cells. Transfection of the miR-183-5p.1 mimics promoted the (A and B) migration ability
and (C and D) invasiveness of AGS cells as determined by Transwell assays. Results are presented as the mean + standard error of the mean (n=3). "P<0.05,
“P<0.01, ""P<0.001. GC, gastric cancer; miR, microRNA.

proteins were decreased in AGS cells after transfection with  Cell migration and invasion are promoted by miR-183-5p.1.
miR-183-5p.1 mimics (Fig.5A and B),andsignificantlyincreased = The regulatory effects of miR-183-5p.1 on GC cell migration
after the knockdown of miR-183-5p.1 (Fig. 5C and D). and invasion were evaluated through Transwell assays. The
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Figure 7. Effect of miR-183-5p.1 overexpression on the expression of apoptosis-associated proteins in GC AGS cells as detected by western blot analysis.
(A and B) P53 was decreased and Bcl-2 was increased in the miR-183-5p.1 mimic-transfected cells. (C and D) miR-183-5p.1 inhibitors significantly inhibited
the expression of Bcl-2, but significantly enhanced the expression of p53. GAPDH was used as the internal control. Results are presented as the mean + standard

error of the mean (n=3). ““P<0.001. GC, gastric cancer; miR, microRNA.

migration of AGS cells was enhanced in the mimics groups
at 24 h (Fig. 6A and B), but was weakened in the inhibitor
groups. In addition, the invasion of AGS cells was validated
by Transwell assays (Fig. 6C and D). These results indicated
that miR-183-5p.1 could effectively promote GC cell migra-
tion and invasion, and that the frequent metastasis of GC may
be explained by the mechanism that miR-183-5p.1 mimics
stimulate the upregulated bio-properties of GC cells.

Expression of Bcl-2 and p53 in AGS cells. Since miR-183-5p.1
was found to be capable of regulating the migration and inva-
sion of tumor cells through TPM1 protein, the present study
detected the expression of apoptosis-related proteins Bcl-2 and
p53 through western blotting (Fig. 7A-D). The experiments
demonstrated that p5S3 was significantly increased and Bcl-2
was significantly decreased in the miR-183-5p.1-knockdown
cells. However, miR-183-5p.1 overexpression had the opposite
effect on the expression of Bcl-2 and p53. These results indi-
cated that the overexpression of miR-183-5p.1 suppressed the
death of AGS cells.

Apoptotic analysis of AGS cells by immunofluorescence.
After AGS cells were transfected with miR-183-5p.1 mimics
and miR-183-5p.1 inhibitors, the apoptosis of AGS cells
was detected using Hoechst 33258 and TUNEL detection
kits. The results revealed that the apoptosis of AGS cells
was induced significantly (Fig. 8A and B) in the AGS cells
transfected with miR-183-5p.1 inhibitors, while the overex-
pression of miR-183-5p.1 suppressed the apoptosis of the
AGS cells (Fig. 8C and D).

Discussion

miR-183, one of the developmentally conserved miRNAs
(including miR-96/miR-182) that is located on human chromo-
some 7q32.3, may play key cellular roles in tumorigenesis (20).
miR-183 is abnormally upregulated in leukemia and hepatic
cancers as well as other types of cancer (21-24). However,
miR-183 expression was decreased and was inversely related
to the metastasis of breast and lung cancers (25). Furthermore,
miR-183 downregulation has been linked with metastatic lung
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Figure 8. Expression of miR-183-5p.1 and the apoptosis of GC AGS cells as analyzed by immunofluorescence. (A) The knockdown of miR-183-5p.1 promoted
the apoptosis of AGS cells as determined by Hoechst 33258 and TUNEL assays. (B) Statistical results of apoptosis. (C) The overexpression of miR-183-5p.1
inhibited the apoptosis of AGS cells as determined by the Hoechst 33258 and TUNEL methods. (D) Statistical results of apoptosis. Results are presented as
the mean + standard error of the mean (n=3). “P<0.01. GC, gastric cancer; miR, microRNA.

cancer, and its excessive expression was found to suppress the
invasion of cancer cells (26), indicating that miR-183 may be
involved in cancer occurrence, migration or spread and play an
antitumor role. The present study revealed that miR-183-5p.1
expression was markedly increased and both TPM1 mRNA and
protein expression were significantly decreased in GC tissues
and cell lines. However, the dual-luciferase reporter analysis
indicated that miR-183-5p.1 targets the 3'UTR of TPMI.
TPMs, a large group of actin-connecting proteins, have ~40
different isoforms that are critical in diverse actin-based proce-
dures (27). TPMs are expressed in non-muscle cells, irrespective
of their molecular mass, including TPM1, TPM2 and TPM3 (28).
TPMs as a tumor-associated protein family have been investi-
gated widely and play critical roles in stress fiber modulation and
actin cytoskeleton modification, which are closely associated with
tumor-specific variations in actin filament aggregation. A growing
body of evidence has indicated that the migratory and invasion
ability of tumor cells is enhanced by the destruction of stress fibers
and by TPM-mediated relevant adhesive structures (29-32). The
present study also investigated the influence of miR-183-5p.1 and
TPM1 knockdown on AGS cells. TPM1 expression in AGS cells

after transfection with miR-183-5p.1 mimics and inhibitors mark-
edly decreased and increased in vitro at the mRNA and protein
levels, respectively. However, the transfection of miR-183-5p.1
inhibitors increased the expression of TPM2 and TPM3, and the
trend in expression alterations was the opposite after transfection
with miR-183-5p.1 mimics. TPM2 and TPM3 are isoforms of
TPMI and are coded by the same gene TPM. We used three soft-
ware programs, TargetScan, miRBase and miRecords, to predict
the targets of miR-183-5p.1, and found that miR-183-5p.1 could
bind sites in TPM1 and TPM3. But based on the pros and cons
of software forecasting, we investigated TPM1 in this study. In
addition, in the present study, the expression levels of TPM2 and
TPM3 proteins were also affected by the abnormal expression of
miR-183-5p.1. We believe that TPM2 and TPM3 are the targets of
our follow-up study. Moreover, these specific impact mechanisms
still need to be investigated in depth in subsequent research.
Recent studies have demonstrated that TPMI1 as a critical
antitumor gene is downregulated in various solid tumors,
including breast cancer, colon cancer and urinary bladder
carcinoma (33-35). Recent research has confirmed the antitumor
role of TPM1 in breast cancer cells (36). TPM1 is necessary for
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the formation of stress fibers, and reduction in cell motility and
migration. Activation of the Ras-ERK signaling pathway inhibits
the TGF-f induction of stress fibers by suppressing the expression
of TPM, leading to a more motile and invasive phenotype (37). In
addition, TPM1 overexpression was found to induce the apoptosis
and inhibit the invasion of renal cancer cells (38). Although a
number of experiments have indicated the tumor-suppressor role
of TPM1 in various tumor types, the underlying mechanism of its
tumor-suppressor gene functions is still unknown.

The present study discovered that transfection with
miR-183-5p.1 inhibitors largely weakened the survival of AGS
cells and promoted apoptosis, but the opposite results were
observed after transfection with miR-183-5p.1 mimics. Similarly,
increased AGS cell migration and invasion after transfection
with miR-183-5p.1 mimics was significantly promoted by the
concurrent siRNA-mediated knockdown of TPM1. According to
the above results, we speculate that miR-183-5p.1 targets TPM1
to enhance cell survival, motion and invasion, and reduces cell
death in GC cells. Notably, miR-183 was significantly decreased
in GC cells and inhibited the invasion of GC indicating that
miR-183 may act as a tumor suppressor in GC, partially at least
via regulation of Ezrin as previously reported (39). We assessed
different targets of miR-183, but these two target genes TPM1
and Ezrin play different roles in GC. In addition miR-183 was
investigated by Cao et al (39), but in our study we studied the
function of miR-183-5p.1 although they both belong to miR-183
family. However, these arguments warrant further in-depth
research for confirmation.

Further analysis of apoptotic signaling proteins revealed
that Bcl-2 and P53 participated in the effects of miR-183-5p.1
and TPM1 on AGS cells, suggesting that the inhibitory effect
of miR-183-5p.1 on TPMI1 expression may be associated with
the activation of apoptotic signaling pathways. However, the
present study did not identify which apoptosis-related gene was
regulated by miR-183-5p.1 or TPM1, and also did not determine
the mechanism of miR-183-5p.1 and TPM underlying the regu-
lation of apoptosis-related genes. The apoptosis-related genes
involved in the regulation of miR-183-5p.1 and TPM should
be investigated in the future, and the mechanisms underlying
miR-183-5p.1 and TPM regulation of apoptosis-related genes
should also be further investigated.

In conclusion, TPM1 functions as an antitumor gene in
GC. Determination of the function of miR-183-5p.1 in GC
suggests an important method with which to identify potential
markers of GC metastasis and efficient molecular targets for
GC treatment.
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