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Background: MicroRNA (miRNA) array analysis has reported that the expression of
miR-593-5p is associated with lymph node metastasis in gastric cancer (GC); however, the
function and mechanism of miR-593-5p in GC have not been described yet. miR-593-5p has
also not been elucidated widely in other cancers.

Methods: miR-593-5p expression was detected by quantitative RT-PCR (qQRT-PCR) in human
GC tissues and cell lines. Cell proliferation was investigated using CCK-8 assays, cell cycle was
detected by flow cytometric method, and cell migration and invasion abilities were evaluated
by wound-healing and transwell assays. miR-593-5p-influenced gene expression profiles were
detected by total gene expression chip method in MGC-803 cells, and miR-593-5p candidate
target genes were predicted using bioinformatics methods. The candidate target gene and
downstream of miR-593-5p were determined by qRT-PCR, Western blot, and dual-luciferase
reporter assays. The effects of miR-593-5p on the growth and metastasis of GC were evaluated
by tumor xenograft experiment in vivo.

Results: miR-593-5p was frequently downregulated in GC patients and GC cell lines. miR-
593-5p was significantly correlated with tumor size and distant metastasis in GC patients.
miR-593-5p inhibited cell proliferation, migration, and invasion and also arrested cell cycle at
the GO/G1 phase in SGC-7901 and MGC-803 cells in vitro. miR-593-5p also suppressed tumor
growth and metastasis in vivo. miR-593-5p influenced gene expression profile in MGC-803
cells. MST4 was indirectly targeted by miR-593-5p. miR-593-5p also downregulated FAK,
MMP12, and JUN protein expression.

Conclusion: Our study suggests that miR-593-5p may function as a tumor suppressor in GC
through a mechanism that regulates JUN pathway via indirectly targeting the MST4 gene.
Keywords: miR-593-5p, gastric cancer, MST4, JUN pathway

Introduction
Gastric cancer (GC) is one of the most common malignancies worldwide. MicroRNAs
(miRNAs) are about 22 nt small endogenous nucleotide RNAs that play an impor-
tant role in most biological processes in GC, such as carcinogenesis, apoptosis, and
invasion."? Mature miRNA is incorporated into an RNA-induced silencing complex
that binds to a target messenger RNA (mRNA).>* The location is 3’-untranslated
region (UTR) of the target gene.® Yang et al® had initially reported that the expression
of miR-593-5p was lower in lymph node metastasis-positive tissue than in lymph
node metastasis-negative tissue in miRNA chip expression profile in GC patients.
This indicates that miR-593-5p may play a role in metastasis in GC.
Serine/threonine protein kinase 26 (STK26) is a member of the GCK group III
family of kinases, which are a subset of the Ste20-like kinases. STK26 is also known
as MST4. MST4 can promote cell proliferation in tumors. The expression of MST4
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is very high in colon cancer and liver cancer cell lines.”®
Interestingly, MST4 was found to be a crucial downstream
target gene of miR-593-5p using bioinformatics tools (Tar-
getScan: https://www.targetscan.org, miRDB: http:/www.

mirdb.org, and miRNA: http://www.microrna.org). These

indicate that MST4 may be closely involved in tumor and can
be regulated by miRNAs. Thus, we posited that MST4 may
be directly regulated by miR-593-5p. To date, the function
of miR-593-5p has not been reported.

In this study, we investigated the differential expres-
sion of miR-593-5p and its clinicopathological implication
in GC. We further discussed the function of miR-593-5p
in GC in vitro and in vivo and investigated whether miR-
593-5p directly targets the MST4 gene. The data show that
miR-593-5p suppresses GC progression through indirectly
targeting the MST4 gene, which suggests that miR-593-5p
can serve as a new potential therapeutic target for GC.

Materials and methods

Tissue samples and cell lines
Seventy-three pairs of GC tissues and their corresponding
nonmalignant tissues from gastrectomy were obtained from
the First Affiliated Hospital of Guangxi Medical University
(Nanning, China). Written informed consents were obtained
from the patients before collecting the tissues. The samples
were divided into two parts: one part was immediately fro-
zen in liquid nitrogen and stored at —80°C until use, and the
other part was fixed in 10% formalin and analyzed by H&E
staining. The subjects were informed of the study design
and purpose as per the Declaration of Helsinki. This study
was approved by the ethics committee of the First Affili-
ated Hospital of Guangxi Medical University (approval no
2013[KY-E-003]). The pathological diagnoses were recon-
firmed according to the WHO 2007 classification of GC.
The GC cell lines AGS, GES-1, HGC-27, MGC-803, and
SGC-7901 were obtained from Cell Bank of Shanghai Institute
of Cell Biology, Chinese Academy of Sciences (Shanghai,
China). The cells were maintained at 37°C and 5% CO, in
RPMI 1640 medium (Thermo Fisher Scientific, Waltham, MA,
USA) supplemented with 10% FBS (Thermo Fisher Scientific),
100 U/mL penicillin, and 100 pg/mL streptomycin.

Quantitative RT-PCR analysis of mRNA

and miRNA expression

Total RNA was extracted from fresh tissues and the cells
using TRIzol reagent (Thermo Fisher Scientific). Reverse
transcription was performed using an RNA PCR Kit (AMV)
(TaKaRa, Otsu, Japan). Quantitation of miRNAs and mRNA

was carried out by qRT-PCR using SYBR Premix Ex Taq™
(TaKaRa) according to the manufacturer’s instructions. U6
was used as the internal control for miR-593-5p expression
levels. GAPDH was used as an internal control for other
genes’ mRNA expression. The primers (Table S1) for the
gRT-PCR detection of genes were synthesized by TaKaRa.
The fold changes in expression were calculated using the
2-24C method.

Establishment of stable miR-593-5p-

expressing cell lines

Lentivirus expressing hsa-miR-593-5p and control vector
were structured and provided by Genechem (Shanghai,
China). Transfection of MGC-803 and SGC-7901 cells was
carried out by Lipofectamine 2000 reagent (Thermo Fisher
Scientific) according to the manufacturer’s protocol. After
24 hours of transfection, culture medium was replenished.
At 48 hours post-transfection, puromycin (Sigma-Aldrich
Co., St Louis, MO, USA) was added to the medium
(0.002 mg/mL), and puromycin-resistant colonies were
selected and separately expanded. When cells became conflu-
ent, they were harvested for the subsequent experiment.

Cell proliferation assay

To measure the effect of miR-593-5p on cellular prolifera-
tion rates, cells were incubated in 10% CCK-8 (Dojindo,
Kumamoto, Japan) diluted in normal culture media at 37°C
until visual color conversion was observed. Proliferation
rates were determined at 0, 24, 48, 72, and 96 hours post-
transfection, and the absorbance was determined at wave-
length 450 nm by a microplate reader.

In vitro assays of cell cycle

To analyze the effect of miR-593-5p on cell cycle, the trans-
fected cells were detached and fixed in 1 mL of cold 70%
ethanol in PBS for 24 hours. The cells were washed once
with 3 mL of PBS. Fixed cells were resuspended in 1 mg/mL
propidium iodide (BD Biosciences, San Jose, CA, USA) and
0.5 mg/mL RNaseA (Keygen Biotech, Nanjing, China) in PBS
for 30 minutes at 37°C. Approximately 1.5x10° cells were
analyzed by a CyFlow® flow cytometer (BD Biosciences).

In vitro assays of migration and invasion

To analyze the effect of miR-593-5p on cell invasion,
the transfected cells were detected by the assays of inva-
sion. The top of the transwell chambers was covered with
0.5 mg/mL matrigel (BD Biosciences). The gastric cell lines
MGC-803 and SGC-7901 were transferred to the top of
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the transwell chambers in serum-free RPMI 1640 medium
(1x10° cells/pore). RPMI 1640 medium containing 5% FBS
was added to the lower chambers as a cell-inducible factor.
In the cultured system, cells were cultured after 48 hours,
and unpenetrated cells were removed from the top wells by
using a cotton ball. Cells on the lower membrane surface
of the transwell chambers were fixed in 4% formaldehyde
and stained with 0.2% crystal violet. Invading cells were
manually counted in eight randomly chosen fields under a
microscope, and photographs were taken.

To analyze the effect of miR-593-5p on cell migration, the
transfected cells were detected by wound-healing assay. Cell
migration was measured by culturing the GC cells in 6-well
plates, and a straight line scratch wound was created with a
200 uL sterile pipette tip once the cells attained 100% con-
fluency. The wound conditions were monitored at 0, 48, and
72 hours microscopically and the relative motility was calcu-
lated using the following formula: relative motility = (initial
distance — a time point distance)/initial distance x100%.

Microarray hybridization of whole

genome expression profile

Total RNA was extracted from fresh tissues and the cells
using TRIzol reagent (Thermo Fisher Scientific). After
RNA extraction, all quantitation and microarray experi-
ments were performed at the Phalanx Biotech Group Labo-
ratory (Taiwan, China). Concentration and quality of RNA
were analyzed by a NanoDrop™ (Thermo Fisher Scientific)
and an Agilent Bioanalyzer 2100 system (Agilent Tech-
nologies, Palo Alto, CA, USA). Experimental procedures
were carried out according to the manufacturer’s instruc-
tions. The arrays were washed and stained with streptavidin
phycoerythrin in black chip box and then scanned using an
Agilent Microarray Scanner (G2505C). Primary microar-
ray imaging data were captured by GenePix™, and the
data were saved as .GPR files. All the files were integrated
into a .GPR file. Gene expression spectrum detection data
of the chip were analyzed by Rosetta Resolver® System
(Rosetta Biosoftware, Kirkland, WA, USA). Differentially
expressed genes were selected at |log2(Ratio)|=1 and
P-value (differentially expressed) <0.05. PCA and cluster-
ing analyses were performed using Heartbeat 3.0.3.

Prediction of miRNA target genes
miR-593-5p target genes were predicted using the following
algorithms as described previously: TargetScan, miRDB,
and miRNA.

Western blot analysis

Specific antibodies (rabbit anti-human antibodies) to MST4,
FAK, MMP12, JUN, and GAPDH were provided by Cell
Signaling Technology (Beverly, MA, USA) and Abcam
(Cambridge, MA, USA). Infrared-labeled secondary antibod-
ies (goat anti-rabbit antibodies) to IRDye 800 were obtained
from Li-Cor Biosciences (Lincoln, NE, USA). Cells were
washed twice with PBS and lysed in a cell lysis buffer for
the reagent of Western blotting and immunoprecipitation
(Beyotime, Beijing, China) and protease inhibitor phenyl-
methanesulfonyl fluoride (Beyotime). Equal amounts of
protein were heated to 100°C for 5 minutes with Laemmli
sample buffer, and then protein samples were separated
using 12% SDS-PAGE and transferred onto polyvinylidene
fluoride membranes. The membranes were incubated with
the primary antibodies (1:1,000) at 4°C overnight, washed
three times in PBST, and incubated with peroxidase-conju-
gated secondary antibodies (1:10,000) for 1 hour at 25°C.
The membranes were scanned and the net intensities of the
bands were quantified using Odyssey Software Version 3.0
system (Li-Cor Biosciences). Then, the protein expression
levels of each gene were measured with GAPDH protein as
a reference at membrane.

Dual luciferase reporter assay

In brief, the 3’-UTR of MST4 mRNA containing the miR-
593-5p binding site was PCR amplified. Wild-type and mutant
MST4 3’-UTRs containing the putative binding region of
miR-593-5p were constructed and cloned into the pmiR-RE-
PORT vector (Ambion, Foster City, CA, USA). Site-directed
Gene Mutagenesis Kit (Roche, Basle, Switzerland) was used
to produce the mutations of the miR-593-5p targeting site. The
luciferase activities were measured at 48 hours after cotrans-
fection with Dual-Luciferase Reporter Assay system (Pro-
mega, Madison, WI, USA). Then, vector containing Renilla
luciferase was co-transfected as a reference control. The experi-
ments were performed in triplicate and repeated three times.

Tumor xenograft experiment

Athymic nude male BALBC/c mice, aged 4-5 weeks, were
purchased from Guangxi Animal Center (Nanning, China).
The mice were maintained in specific pathogen-free, temper-
ature-controlled isolation conditions and fed with sterilized
food and autoclaved water according to the experimental
animal guidelines. All animal experiments were conducted as
per the provisions of the ethics committee of Guangxi Medi-
cal University. Then, the mice were subcutaneously injected
with an inoculation dosage of 1x107 cells in 200 puL of PBS
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per mouse. The number of nude male BALBC/c mice was
12 in each group. Group 1 was injected with negative control
vectors transfected MGC-803-LV-miR-NC cells (803-NC),
Group 2 was injected with MGC-803-LV-hsa-miR-593-5p
cells stably expressing miR-593-5p (803-593-5p), Group 3
was injected with MGC-803 cells (803-Ctrl), Group 4 was
injected with negative control vectors transfected SGC-
7901-LV-miR-NC cells (7901-NC), Group 5 was injected
with SGC-7901-L V-hsa-miR-593-5p cells stably expressing
miR-593-5p (7901-593-5p), and Group 6 was injected with
MGC-7901 cells (7901-Ctrl). Tumor size (V) was calculated
every 3 days by a digital caliper using the following formula:
V (mm?®) =1/2xa (length)xb (width).? After 28 days of treat-
ment, nude mice were killed and tumors were assessed. Liver
tissue, lung tissue, and the formed tumors were removed,
fixed, and embedded in paraffin. Paraffin-embedded sections
were prepared for H&E staining.

Statistical analysis

SPSS 17.0 software was used for statistical analysis. Data
were shown as mean = SD unless otherwise noted. Chi-
squared analysis and Student’s 7-test were used for statisti-
cal analysis. In all experiments, P<<0.05 was considered
significant.

Results

miR-593-5p is frequently downregulated
in GC

We performed qRT-PCR to examine the expression level
of miR-593-5p in GC. We first examined the expression
level of miR-593-5p in 73 pairs of GC tissues and adjacent
normal gastric tissues. The PCR results showed that 42
of 73 (57.53%) cases had reduced levels of miR-593-5p
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Figure | miR-593-5p is lowly expressed in gastric cancer (GC) tissues and cell lines.

in GC tissues compared with the corresponding normal
tissues; in contrast, only 31 of 73 (42.47%) cases had
increased levels of miR-593-5p in GC tissues compared
with the adjacent normal tissues (P<<0.05) (Figure 1A).
Subsequently, we examined the expression of mature
miR-593-5p in four human GC cell lines (AGS, HGC-27,
MGC-803, and SGC-7901) and a human gastric epithelium
cell line (GES-1). The expression level of miR-593-5p in
the four GC cell lines was significantly lower than that in
GES-1, with the expression in MGC-803 cells being the
lowest (Figure 1B). Collectively, the data indicated that
miR-593-5p was significantly attenuated in tumor tissues
compared with adjacent normal tissues and might act as a
tumor suppressor in GC.

Low-level expression of miR-593-5p is

associated with GC metastasis

We analyzed the correlation between positive miR-593-5p
expression and various clinicopathological characteristics
that may affect the prognosis of GC patients. We found that
miR-593-5p expression was correlated with tumor size and
distant metastasis (P<<0.05). Age, sex, T classification, and
other clinical variables were not correlated with miR-593-5p
expression in GC patients (P>0.05) (Table 1).

miR-593-5p regulates cell proliferation
and cell cycle in vitro

MGC-803 and SGC-7901 cell lines were chosen for trans-
fection with lentiviral vectors. Lentiviral vectors contained
overexpression of miR-593-5p sequences. miR-593-5p
was successfully overexpressed in these two cell lines as
confirmed by qPCR (Figure 2A and B). To evaluate the
potential functions of miR-593-5p in regulating tumor cell
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Notes: (A) miR-593-5p expression was assessed by quantitative RT-PCR (qQRT-PCR) in 73 GC tumor specimens as compared to normal adjacent gastric tissue. (B) miR-593-
5p expression was assessed by qRT-PCR in GC cells (HGC-27, AGS, SGC-7901, MGC-803) and normal gastric epithelial cells (GES). U6 was assessed as an internal control.

*P<<0.05 compared to GES. **P<<0.01 compared to GES.
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Table | Clinicopathological variables and the expression of miR-
593-5p in gastric cancer patients

Characteristics | Cases | miR-593-5p expression P-value
level
No of high | No of low
expression | expression
Age (years) 0.544
=60 30 14 16
<60 43 17 26
Gender 0.392
Male 51 20 31
Female 22 I I
Tumor size (cm) 0.033°
>3 54 19 35
=3 19 12 7
TNM stage 0214
-l 27 14 13
-V 46 17 29
Lymph node 0.758
metastasis
Yes 48 21 27
No 25 10 15
Distant metastasis 0.028°
Yes 19 4 15
No 54 27 27
Note: *Statistically significant, P<<0.05.
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Figure 2 miR-593-5p suppressed gastric cancer (GC) cell growth.

growth and cell cycle, CCK-8 assay and flow cytometry were
performed to detect cell proliferation and cell cycle. In both
MGC-803 and SGC-7901 cells, the CCK-8 assay results
showed that exogenous expression of miR-593-5p inhibited
cell proliferation (Figure 2C and D). Flow cytometry results
showed that exogenous expression of miR-593-5p inhibited
cell transition in G1 phase (Figure 3). These results suggest
that miR-593-5p inhibits cell proliferation and cell cycle
G1/S transition.

Upregulation of miR-593-5p can inhibit
GC cell migration and invasion

The effects of miR-593-5p on the invasion and migration
of MGC-803 and SGC-7901 cell lines were investigated
by transwell methods and wound-healing assay. Compared
with the scramble control and untreated cells, the transwell
assay results showed that overexpression of miR-593-5p
dramatically decreased the invasion and migration of the
two GC cell lines (Figures 4 and 5). These results indicated
that miR-593-5p played important roles in regulating cell
migration and invasion in GC.
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Notes: (A and B) miR-593-5p transfection efficiency after transfection with miR-593-5p lentivirus was assessed by quantitative RT-PCR (qRT-PCR) in SGC-7901 and MGC-
803 cells. (C and D) Proliferation of GC cells after transfection with miR-593-5p lentivirus was assessed by CCK-8 assay in SGC-7901 and MGC-803 cells. *P<<0.05 compared

to NC and Ctrl groups.
Abbreviations: Ctrl, control; NC, negative control.
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Notes: (A and B) Images of cell cycles after transfection with miR-593-5p lentivirus was assessed by flow cytometric method in SGC-7901 and MGC-803 cells. (C and D)
Data represent mean * SD of three duplicative experiment respective phase of cell cycle rate in each group. *P<<0.05 compared to NC and Ctrl groups.

Abbreviations: Ctrl, control; NC, negative control.

miR-593-5p indirectly targets MST4 in
GC cells

We further investigated the mechanism by which miR-
593-5p functioned as a tumor suppressor in GC. However,
miR-593-5p has not been reported to directly target any
gene in carcinoma. Therefore, total gene expression chip
of Homo sapiens was taken to find significantly differen-
tial expression of genes in MGC-803 cells infected with

lentivirus containing overexpression of miR-593-5p. The
results showed that 475 genes were regulated and 263 genes
were downregulated in stably expressing miR-593-5p cells
(803-593-5p) compared with the negative control trans-
fected MGC-803-LV-miR-NC cells (803-NC) (Table S2).
In addition, miR-593-5p targets were predicted by the fol-
lowing algorithms: TargetScan, miRDB, and miRNA. The
total number of bioinformatics website software-predicted
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target genes of miR-593-5p was 163 (Table S3). Intersec-
tion genes were taken between the results of gene expres-
sion chip (Table S2) and the results of bioinformatics
website software-predicted target genes (Table S3). The
intersection genes were MST4, PPM1A, and TWSGI,
which were candidate target genes of miR-593-5p. To
confirm the target genes of miR-593-5p, qRT-PCR was
performed to detect whether the expression of MST4,
PPMIA, and TWSGI was regulated by miR-593-5p in
MGC-803 and SGC-7901 cells infected with miR-593-5p
or scramble lentivirus. The results of the qRT-PCR and
Western blot analyses showed a notable reduction of the
mRNA and protein levels of MST4 in the cells infected
with miR-593-5p compared with those infected with
scramble lentivirus. However, the results of luciferase
activity assay showed that miR-593-5p could not directly
regulate MST4. The results displayed that the protein levels
of FAK, MMP12, and JUN were lower in the miR-593-5p
group (P<<0.05) (Figure 6). Taken together, these results
indicated that miR-593-5p can indirectly target MST4,
FAK, MMP12, and JUN in GC cells in vitro.

miR-593-5p suppressed tumor growth
and metastasis in a xenograft model
To directly evaluate the role of miR-593-5p in tumor for-

mation and growth in vivo, the xenograft model of human
GC MGC-803 and SGC-7901 cells in nude mice was

adopted. Briefly, MGC-803 and SGC-7901 cells infected
with miR-593-5p or scramble lentivirus were injected sub-
cutaneously into each flank of nude mice. After the cells
were injected, the tumor volume was monitored every 4
days, and the growth curves of the tumors were plotted
accordingly. Finally, all the mice were killed to harvest the
xenograft. It is obvious that the mean volume of the tumors
generated from the miR-593-5p overexpression group was
significantly lower compared with the negative and control
groups (Figure 7). We then studied the effect of miR-593-5p
on tumor metastasis in vivo. The lungs and livers of the mice
were dissected, and H&E staining was performed to evaluate
the tissue morphology (Figure 7). As shown in Table 2, a
significantly lower number of macroscopic liver metastases
could be observed in cells infected with miR-593-5p than
the negative and control groups. These results indicate that
miR-593-5p may repress GC proliferation and metastasis.

Discussion

Many miRNAs have been suggested to play an important
role in GC progression. miRNA dysregulation is regarded as
a potentially disastrous event that leads to carcinogenesis.*!
Therefore, abnormity of miRNA expression in GC may
have a relationship with the disease. Chen et al had initially
reported that the expression of miR-593-5p is abnormal in
GC patients,® indicating that an abnormal expression of miR-
593-5p may have a significant effect in the development of GC.
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Figure 5 miR-593-5p suppressed gastric cancer (GC) cell migration.

Notes: (A and C) Images of cell migration after transfection with miR-593-5p lentivirus was assessed by wound-healing assay in SGC-7901 and MGC-803 cells. (B and D)

Data represent mean + SD of four duplication migration rate in 48 and 72 hours (h) in each group. *P<0.05 compared to NC and Ctrl groups.
Abbreviations: Ctrl, control; NC, negative control.
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Figure 6 miR-593-5p negatively regulates MST4 and relative signal pathway.

Notes: (A) Potential target genes of miR-593-5p were screened by microarray gene expression profiling combined with bioinformatics target prediction. (B and C) Data
represent mean * SD of three duplication mRNA expression of potential target genes by quantitative RT-PCR (qRT-PCR) in each group; GAPDH was assessed as an internal
control. (D) Images of genes’ protein expression after transfection with miR-593-5p lentivirus was assessed by Western blot assay in SGC-7901 and MGC-803 cells. (E
and F) Data represent mean £ SD of relative protein expression of genes in each group. GAPDH was assessed as an internal control. (G) The predicted interaction site of
miR-593-5p and candidate target gene MST4 wild-type 3’-untranslated region (3’-UTR) and serial deleted forms of the 3’-UTR reporters. Data represent mean * SD (n=3) of
relative luciferase activity of each group by luciferase assay co-transfected with miR-593-5p and IRREPORT-MST4 plasmid (miR-NC and miR-593-5p with MST4 WT 3’-UTR,
miR-NC, and miR-593-5p with MST4 MUT 3’-UTR) after 24 hours. *P>0.05 compared to controls.

Abbreviations: Ctrl, control; NC, negative control.
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Figure 7 miR-593-5p suppressed gastric cancer (GC) growth and metastasis in vivo.

Notes: (A) Images of tumors isolated from nude mice that were injected for each cell line group after 36 days.The tumor, lung, and liver tissues were assessed by H&E stained
in each group (x100). (B and C) Growth curves of tumor resulting from injection of SGC-7901 or MGC-803 cells into nude mice.The tumor volumes were estimated using
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calipers. (D and E) The last time volume of tumor isolated from nude mice. Data represent mean + SD of 12 mice per group. *P<<0.05 compared to NC and Ctrl groups.
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Table 2 The metastasis cases of liver and lung tissues in cells transplanted tumor of nude mice in each group

Groups Cases Liver metastasis P-value Lung metastasis P-value
Positive cases Positive rate Positive cases Positive rate

803-miR-593-5p 12 2 16.67% 0.021* | 8.33% 0.146

803-NC 12 8 66.67% 3 25.00%

803-Ctrl 12 7 58.33% 4 33.33%

7901-miR-593-5p 12 | 8.33% 0.163 | 8.33% 0.851

7901-NC 12 4 33.33% 2 16.67%

7901-Ctrl 12 4 33.33% | 8.33%

Note: *Statistically significant, P<<0.05.
Abbreviations: Ctrl, control; NC, negative control.
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However, clinicopathological characteristics and function of
miR-593-5p have not been concretely reported yet. To further
understand miR-593-5p, we studied the role of miR-593-5p
in GC in vitro and vivo.

In this study, we expanded the expression analysis in
73 pairs of GC tissues and adjacent normal gastric tissues,
GC cell lines, and human gastric epithelium cell line. Our
results demonstrated that miR-593-5p was frequently
downregulated in GC tissues and GC cell line (Figure 1),
and expression level of miR-593-5p was lower in GC
distant metastasis tissues than no distant metastasis tis-
sues (Table 1). This result suggests that miR-593-5p may
act as a tumor suppressor gene. Lentivirus expressing
miRNAs are transfected in cancer cells to observe its func-
tion. This experimental method has been widely adopted
in the research field."""'> To assess whether miR-593-5p
influences GC metastasis, transwell chambers and wound-
healing assay method were used to detect the abilities of
cell invasion and migration, and SGC-7901 and MGC-803
cell lines were transfected with miR-593-5p precursor and
miR-593-5p over-expressed stably in the two cell lines. The
results show that overexpression of miR-593-5p inhibits
GC cell migration and invasion in vitro (Figures 4 and 5).
Similarly, in vivo, SGC-7901 and MGC-803 cells overex-
pressing miR-593-5p grew significantly slower than the
control group xenografts (Figure 7). Tumor liver metastasis
rate was lower in overexpressing miR-593-5p of mouse
xenograft model than those of the control group (Table 2).
Collectively, our results reveal that miR-593-5p inhibits GC
growth and metastasis.

Many research studies have confirmed that functions of
miRNAs are dependent on their main downstream target
genes; miRNAs bind to the 3’-UTRs of transcripts and
may also target ORFs."*!* However, the direct target gene
of miR-593-5p has not been reported yet. To date, target
genes of miRNAs were mainly predicted by bioinformat-
ics websites such as TargetScan, miRDB, and miRNA.
However, the bioinformatics website predicted hundreds
of miRNA target genes, as shown in Table S3. In order to
avoid blind choice, total gene expression chip method was
used to find genes that had expressions affected by over-
expression of miR-593-5p in GC, as shown in Table S2.
The intersection genes of Tables S2 and S3 were MST4,
PPM1A, and TWSGI, which were candidate target genes
of miR-593-5p. To confirm which gene was the target
gene of miR-593-5p, first, qRT-PCR was conducted to
verify MST4, PPM1A, and TWSGI genes. The results
showed that miR-593-5p was downregulated in transfected
cells SGC-7901 and MGC-803. Furthermore, the results

showed that miR-593-5p is found to indirectly target MST4
by dual luciferase reporter assay and Western blotting
(Figure 6).

Accordingly, miR-593-5p inhibits GC cell growth and
metastasis by indirectly targeting the MST4 gene, which
regulates the levels of MMP12, JUN, and FAK, as shown
in Figure 6. Furthermore, MST4 facilitates the EMT pro-
cess via regulating the activation of ERK in hepatocellular
carcinoma,'® and downexpression of MST4 could suppress
cancer cell migration and invasion.”'¢ Additionally, ERK-c-
Jun system could modulate cell viability, and inhibition of
ERK-c-JUN levels reduces proliferation and apoptosis, '’
which is inconsistent with our study results showing that
miR-593-5p inhibits GC cell growth. Downexpression of
JUN can also reduce the expression of MMP protein.!”
The level of FAK protein was downregulated in a study by
Lee et al.*® FAK/Fyn signal also impacts the expression of
MMP12. The level of MMP protein is positively correlated
with the invasion ability of cancer.?'?* Downregulated
MMP12 can inhibit GC cell invasion and migration.? Thus,
the JUN signal pathway is suppressed by indirect target gene
MST4 of miR-593-5p in GC.

Conclusion

Our study reveals that miR-593-5p is frequently down-
regulated in GC. Our in vitro and in vivo data further prove
that miR-593-5p may act as a tumor suppressor in GC
and inhibit cell metastasis through indirectly targeting the
MSTH4 gene.
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