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Upregulation of miR-1307-3p and its function in the
clinical prognosis and progression of gastric cancer
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Abstract. Gastric cancer is one of the major causes of cancer-
associated mortality worldwide. miR-1307-3p has been
demonstrated to serve multiple roles in the development of
various types of cancer. The present study aimed to evaluate
the expression and functional role of miR-1307-3p in the
progression of gastric cancer. The expression of miR-1307-3p
in gastric cancer tissues and cell lines was detected by reverse
transcription quantitative PCR. Furthermore, the correlation
between miR-1307-3p expression and the clinicopathological
characteristics and prognosis of patients was evaluated. Cell
Counting Kit-8 and Transwell assays were performed to
analyze the effects of miR-1307-3p on the proliferation and
the migratory and invasive abilities of gastric cancer cells,
respectively. Dual-luciferase reporter assay was conducted to
reveal the potential underlying mechanism of miR-1307-3p. In
gastric cancer tissues and cells, miR-1307-3p expression was
significantly upregulated compared with the normal tissues
and cell lines. In addition, the expression of miR-1307-3p was
associated with the Tumor-Node Metastasis stage of patients.
The results from Cox regression analysis demonstrated that
miR-1307-3p may serve as an independent predictor for the
prognosis of patients with gastric cancer. Furthermore, the
upregulation of miR-1307-3p in gastric cancer cell lines
significantly promoted the cell proliferation and migratory and
invasive abilities by targeting DAB2 interacting protein. In
conclusion, the findings from the present study suggested that
miR-1307-3p may serve as a tumor promoter of gastric cancer
and that miR-1307-3p expression in tumor tissues may be used
as a prognostic indicator for patients with gastric cancer.

Introduction

Although the incidence of gastric cancer has declined in
recent decades, gastric cancer remains one of the most
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common cancers and leading causes of cancer-associated
mortality worldwide, accounting for 8.2% of the total number
of deaths (1). In 2015, there were 1.3 million incident cases
and 819,000 deaths worldwide (2,3). Furthermore, the
incidence of gastric cancer in men is twice higher than in
women (4). Cigarette smoking, heavy alcohol consumption,
obesity and high sodium intake are considered as major risk
factors for gastric cancer (5). The development of gastric
cancer is a multistep process involving numerous changes in
key growth-regulatory genes, such as oncogenes and tumor
suppressors (6,7). Tumor metastasis and recurrence are
key factors that affect the survival of patients (8). Despite
improvements in gastric cancer diagnosis and treatment, the
overall survival rate of patients is <40% and the clinical prog-
nosis remains unfavorable (9). Determining gastric cancer
associated genes as therapeutic targets is therefore essential
for improving the prognosis of patients with gastric cancer.

MicroRNAs (miRNAs) are composed of 19-25 nucleo-
tides and are involved in the degradation and translation of
target mRNAs through binding mRNAs at the 3' untranslated
region with imperfect complementarity (10,11). miRNAs have
been demonstrated to regulate the expression of important
cancer-related genes, such as -catenin (12), and serve vital
roles in basic biological processes, such as development, cell
differentiation, cell proliferation and cell apoptosis (13). Due
to their dysregulation in various types of cancer, miRNAs can
function as oncogenes or tumor suppressors that regulate the
development and progression of cancers (14). In gastric cancer,
numerous aberrantly expressed miRNAs have been identified
as key factors responsible for the tumorigenesis and progres-
sion of gastric cancer, and their aberrant expression was also
correlated with the prognosis of patients (15). For example,
it was demonstrated that miR-4766-5p is downregulated
in gastric cancer tissues and cells compared with normal
tissues and cells. miR-4766-5 overexpression can inhibit the
proliferation and migratory and invasive abilities of gastric
cancer cells (16). In addition, the upregulation of miR-130b-5p
in gastric cancer cells can promote tumor progression by
targeting RAS protein activator like 1 (17).

miR-1307-3p has been reported to be upregulated in gastric
cancer and its aberrant expression and function have been
well described in hepatocellular carcinoma, breast cancer and
colon cancer (18-20). The present study hypothesized that the
dysregulation of miR-1307-3p in gastric cancer tissues could
be correlated with the tumor progression and prognosis of
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patients with gastric cancer. The expression of miR-1307-3p
in gastric cancer and its functional role in the progression
of gastric cancer were evaluated, and the findings from this
study may allow the identification of a novel biomarker for the
progression and prognosis of gastric cancer.

Materials and methods

Human tissue collection. The present study was approved by
the Ethics Committee of Qingdao Central Hospital (approval
no. 201110). A total of 117 paired samples of gastric cancer
tissues and adjacent normal tissues were surgically collected
from patients diagnosed with gastric cancer by histopatho-
logical examination at Qingdao Central Hospital between
January 2012 and December 2014. The inclusion criteria were
as follows: 1) Patients diagnosed with gastric cancer who under-
went surgical operation; ii) patients who had never received
any chemotherapy or radiotherapy prior to surgery; iii) patients
without other simultaneous malignancies; iv) comprehensive
clinical records and postoperative pathological data avail-
able; and v) signed informed consent. Collected tissues were
immediately frozen in liquid nitrogen and stored at -80°C. The
survival information of patients was obtained using a 5-year
follow-up survey. The clinicopathological characteristics of
the patients are summarized in Table I.

Cell culture and transfection. Four gastric cancer cell lines
(AGS, SNU-1, HGC27 and MKN-74) and one normal gastric
mucous membrane cell line (GES-1) were selected for in vitro
experiments. All cell lines were obtained from the American
Type Culture Collection. Cells were cultured in RPMI-1640
medium with 10% FBS (Invitrogen; Thermo Fisher Scientific,
Inc.) and placed at 37°C in a humidified incubator containing
5% CO,.

AGS and SNU-1 cell lines were transfected with miR-1307-3p
mimic (50 nM; 5-ACUCGGCGUGGCGUCGGUCGUG-3"
Shanghai GenePharma Co., Ltd.), miR-1307-3p inhibitor
(50 nM; 5'-CACGACCGACGCCACGCCGAGU-3",
Shanghai GenePharma Co., Ltd.), mimic NC (50 nM;
5'-UUCUCCGAACGUGUCACGUTT-3'; Shanghai
GenePharma Co., Ltd.) or inhibitor NC (50 nM; 5-UUU
GUACUACACAAAAGUACUG-3'; Shanghai GenePharma
Co., Ltd.) with Lipofectamine® 2000 (Invitrogen; Thermo
Fisher Scientific, Inc.) for 24 h at 37°C. Cells were available for
subsequent experiments following 48 h transfection.

Reverse transcription quantitative (RT-q)PCR. Total RNA
was extracted form tissues and cell lines using TRIzol reagent
(Invitrogen; Thermo Fisher Scientific, Inc.). cDNA was synthe-
sized using a MicroRNA Reverse Transcription kit (Thermo
Fisher Scientific, Inc.) according to the manufacturers'
instructions. The relative miR-1307-3p expression level was
determined by RT-qPCR on the 7300 Real-Time PCR System
(Applied Biosystems; Thermo Fisher Scientific, Inc.) using the
SYBR Green I Master Mix kit (Invitrogen; Thermo Fisher
Scientific, Inc.). The reaction were performed as follows: 95°C
for 2 min, 40 cycles of 94°C for 30 sec, and 60°C for 30 sec.
The relative expression level of miR-1307-3p was normalized
to endogenous control U6 and was expressed as 244% (21).
The sequences of the primers were as follows: miR-1307-3p,

forward 5'-TCGGCAGGACTCGGCGTGGCGT-3',
reverse 5'-CTCAACTGGTGTCGTGGA-3"; and U6,
forward 5'-CTCGCTTCGGCAGCACA-3' and reverse
5'-AACGCTTCACGAATTTGCGT-3'.

Cell proliferation, migration and invasion assay. The prolif-
eration of gastric cancer cells was assessed using the Cell
Counting Kit-8 (CCK-8; Dojindo Molecular Technologies,
Inc.) assay. Briefly, cells were seeded into 96-well plates at the
density of 5x10° cells/well and incubated for 0, 24,48 and 72 h.
Subsequently, 10 1 CCK8 reagent was added into each well
for 4 h at 37°C. The absorbance was read at 450 nm using a
microplate reader (Thermo Fisher Scientific, Inc.).

The Transwell assay was performed to detect the migratory
and invasive abilities of gastric cancer cells. For the inva-
sion assay, the upper chamber was precoated with Matrigel
(BD Biosciences). The migration assay was conducted without
the Matrigel coating. Cells were seeded into the 24-well
chamber (8 ym pore size; Multiskan MK3; Thermo Fisher
Scientific, Inc.) at a cell density of 1x10° cells per well and
cultured in serum-free medium. Culture medium containing
20% FBS was added to the bottom chamber as a chemoat-
tractant. Following incubating for 48 h, migratory and invasive
cells were stained with 0.1% crystal violet and images using
a light microscope (magnification, x400). The number of
migrated and invasive cells was counted using ImagelJ soft-
ware 1.49s (National Institutes of Health) in five random and
independent fields.

Dual-luciferase reporter assay. To determine the potential
mechanism underlying the role of miR-1307-3p, a dual-lucif-
erase reporter assay was performed. The potential target of
miR-1307-3p was first explored using TargetScan (http:/www.
targetscan.org) and then validated by the dual-luciferase assay.
The 3'UTR of DAB2 interacting protein (DAB2IP) that contains
the binding sites of miR-1307-3p was amplified and inserted
into the reporter vector pmirGLO (DAB2IP Wt). Furthermore,
its mutant vectors (DAB2IP Mut) were also synthesized with
point mutations in the binding sites by a QuikChange Site-
Directed Mutagenesis kit (Stratagene; Agilent). miR-1307-3p
mimic or inhibitor or corresponding negative controls (mimic
NC or inhibitor NC) were cotransfected with DAB2IP Wt
or DAB2IP Mut into AGS cells, and the luciferase activity
levels were detected by the Dual-Luciferase Reporter Assay
Kit (Promega Corporation) according to the manufacturer's
protocol.

Statistical analysis. Data were presented as the means + stan-
dard deviation of the mean. Data analyses were performed
with SPSS 20.0 software (IBM Corp.) and GraphPad Prism
7.0 software (GraphPad Software, Inc.). The ¥ test was used to
evaluate the association between miR-1307-3p expression and
the clinicopathological characteristics of patients. Student's
t-test and one-way ANOVA followed by Tukey's post hoc test
were used to evaluate the difference between two groups or
multiple groups, respectively. The survival rate of patients was
analyzed by Kaplan-Meier analysis with the log-rank test, and
the prognostic value of miR-1307-3p was further evaluated by
Cox regression analysis. P<0.05 was considered to indicate a
statistically significant difference.
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Table I. Association between miR-1307-3p expression and the clinicopathological characteristics of patients with gastric cancer.

miR-1307-3p expression level

Factors Total (n=117) Low (n=52) High (n=65) P-value

Age, years 0.479
<60 57 25 32
>60 60 27 33

Sex 0.429
Male 68 26 42
Female 49 26 23

Tumor size, cm 0.244
<3 52 22 30
>3 65 30 35

Differentiation 0.279
Well + moderate 73 41 32
Poor 44 11 33

Lymph node metastasis 0.145
Negative 63 37 26
Positive 54 15 39

TNM stage 0.027
I-11 79 43 36
II-1v 38 9 29

miR, microRNA; TNM, Tumor-Node-Metastasis.

Results

miR-1307-3p is upregulated in gastric cancer tissues and cell
lines. The expression of miR-1307-3p was analyzed in paired
samples of gastric cancer and matched normal tissues and
gastric cancer cell lines by RT-qPCR. The results demonstrated
that miR-1307-3p expression was significantly upregulated in
gastric cancer tissues compared with normal tissues (P<0.001;
Fig. 1A). Furthermore, in the gastric cancer cell lines AGS,
SNU-1, HGC-27 and MKN-74, miR-1307-3p expression was
also significantly increased compared with the normal gastric
mucous membrane cell line GES-1 (P<0.001; Fig. 1B). The
upregulation of miR-1307-3p observed in gastric cancer
tissues and cell lines suggests its potential clinical significance
and biological function in gastric cancer.

miR-1307-3p expression is associated with the TNM stage of
patients with gastric cancer. According to the average expres-
sion level of miR-1307-3p in gastric cancer tissues, patients
were divided into the low miR-1307-3p level group (n=52)
and the high miR-1307-3p level group (n=65). The results
from 7 test demonstrated that miR-1307-3p expression was
associated with the TNM stage of patients (P=0.027), but not
with the other clinicopathological characteristics (P>0.05;
Table I).

miR-1307-3p expression predicts a poor prognosis and serves
as an independent indicator for the survival of patients with
gastric cancer. The survival rate of patients with gastric cancer

according to miR-1307-3p expression was evaluated using
Kaplan-Meier curve. As presented in Fig. 2, patients with low
miR-1307-3p expression had a significantly longer survival
than patients with high miR-1307-3p expression (log rank
P=0.027). The prognostic value of miR-1307-3p was further
evaluated by Cox regression analysis. The results suggested
that miR-1307-3p expression (HR=3.328; 95% CI=1.476-7.505;
P=0.004) and TNM stage (HR=2.348; 95% CI=1.205-4.576;
P=0.012) may be considered as independent predictors for the
overall survival of patients with gastric cancer (Table II).

miR-1307-3p upregulation promotes the proliferation and
migratory and invasive abilities of gastric cancer cells. Due
to the high expression of miR-1307-3p in AGS and SNU-1
cells, these two gastric cancer cell lines were used for subse-
quent experiments and were transfected with miR-1307-3p
mimic or inhibitor to regulate the expression of miR-1307-3p.
Cell transfection with miR-1307-3p mimic significantly
increased miR-1307-3p expression, whereas transfection with
miR-1307-3p inhibitor significantly decreased miR-1307-3p
expression (P<0.001; Fig. 3A). The proliferation of transfected
cells was detected by the CCK-8 assay. The results demon-
strated that increased expression of miR-1307-3p significantly
promoted the proliferation of AGS and SNU-1 cells (P<0.05;
Fig. 3B). Furthermore, miR-1307-3p downregulation signifi-
cantly inhibited the proliferation of AGS and SNU-1 cells
(P<0.05 and P<0.01; Fig. 3B).

To further evaluate whether miR-1307-3p could be involved
in the migration and invasion processes of gastric cancer cells,
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Figure 1. Expression level of miR-1307-3p in gastric cancer tissues and cell lines. (A) In tumor tissues, the expression of miR-1307-3p was significantly
increased compared with adjacent normal tissues. ““P<0.001. (B) miR-1307-3p was significantly upregulated in gastric cancer cell lines AGS, SNU-1, HGC27
and MKN-74 compared with the normal gastric mucous membrane cell line GES-1. "“P<0.001. miR, microRNA.
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Figure 2. Kaplan-Meier survival curves according to the average expres-
sion of miR-1307-3p in gastric cancer tissues. miR-1307-3p high expression
was associated with poor survival rate of patients. Log rank, P=0.027. miR,
microRNA.

the Transwell assay was performed in transfected AGS and
SNU-1 cells. The upregulation of miR-1307-3p significantly
promoted the migratory and invasive abilities of AGS cells,
whereas miR-1307-3p silencing significantly inhibited AGS
cell migratory and invasive abilities (P<0.001; Fig. 4A).
Similarly, SNU-1 cell migratory and invasive abilities were
significantly enhanced following miR-1307-3p overexpression
and inhibited following miR-1307-3p silencing, respectively
(P<0.001; Fig. 4B).

DAB2IP is identified as the direct target of miR-1307-3p.
DAB2IP was predicted as the potential target of miR-1307-3p

Table II. Prognostic value of miR-1307-3p in gastric cancer
evaluated by Cox regression analysis.

Hazard
Factors ratio 95% CI P-value
miR-1307-3p 3.328 1.476-7.505 0.004
Age 1.169 0.597-2.286 0.649
Sex 1.225 0.608-2.467 0.570
Tumor size 1.704 0.841-3.452 0.139
Differentiation 1.709 0.860-3.397 0.126
Lymph node metastasis 1.546 0.814-2.936 0.183
TNM stage 2.348 1.205-4.576 0012

miR, microRNA; TNM, Tumor-Node-Metastasis; CI, confidence
interval.

from online publicly available algorithms, and the binding
sites are presented in Fig. SA. Subsequently, the dual-luciferase
reporter assay was performed to further validate the interaction
between DAB2IP and miR-1207-3p. The results demonstrated
that the relative luciferase activity of DAB2IP Wt was signifi-
cantly suppressed following transfection with miR-1307-3p
mimic and increased by miR-1307-3p inhibitor, suggesting that
DAB2IP may be considered as a direct target of miR-1307-3p
(P<0.001; Fig. 5B).

Discussion

miRNAs are considered as novel prognostic and therapeutic
tools, and numerous studies have focused on the function and
underlying mechanism of miRNAs in cancer (22,23). With
the development of molecular biology, miRNA signatures
of gastric cancer have revealed that numerous dysregulated
miRNAs are involved in the progression and development of
gastric cancer (24). For example, miR-671-5p has been identi-
fied as a downregulated miRNA that inhibits gastric cancer
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Figure 3. Overexpression of miR-1307-3p promoted the proliferation of gastric cancer cells. (A) Expression level of miR-1307-3p in AGS and SNU-1 cells
transfected with miR-1307-3p mimic, miR-1307-3p inhibitor and corresponding negative controls mimic NC and inhibitor NC. ““P<0.001 vs. control groups.
(B) Proliferation of AGS and SNU-1 cells was promoted following miR-1307-3p overexpression and inhibited following miR-1307-3p knockdown. "P<0.05 and

“P<0.01 vs. control group. miR, microRNA; NC, negative control; h, hours.
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Figure 4. Overexpression of miR-1307-3p significantly promoted the migratory and invasive abilities of gastric cancer cells. (A) Migratory and invasive
abilities of AGS cells were enhanced following miR-1307-3p overexpression and inhibited following miR-1307-3p silencing. ““"P<0.001 vs. control group.
(B) Migratory and invasive abilities of SNU-1 cells were promoted following miR-1307-3p overexpression and inhibited following miR-1307-3p silencing.
“"P<0.001 vs. control group. miR, microRNA; NC, negative control.

cell proliferation by targeting brain derived neurotrophic  tumor suppressor due to its inhibitory effect on gastric cancer
factors (25). Furthermore, miR-30a has been identified as a  cell migratory ability and proliferation (26).
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Figure 5. DAB2IP was the direct target gene of miR-1307-3p. (A) Binding
sites of DAB2IP Wt/Mut 3'UTR and miR-1307-3p. (B) miR-1307-3p sig-
nificantly inhibited the relative luciferase activity of DAB2IP Wt and did not
affect the DAB2IP Mut. ““P<0.001 vs. control group. miR, microRNA; NC,
negative control; Mut, mutant; Wt, wild-type; DAB2IP, DAB2 interacting
protein.

miR-1307-3p has been considered as a biomarker that
could serve a vital role in the progression of various types of
cancer. For example, miR-1307-3p is downregulated in colon
adenocarcinoma, where it was found to inhibit the prolif-
eration and promote the apoptosis of colon cancer cells (20).
Furthermore, the upregulation of miR-1307-3p in hepatocel-
lular carcinoma can facilitate the proliferation, migration and
invasion of hepatocellular carcinoma cells (18). In the present
study, miR-1307-3p was significantly upregulated in gastric
cancer tissues and cells compared with normal tissues and
cells, which was consistent with the reported miRNA expres-
sion profile of gastric cancer (27). In addition, miR-1307-3p
upregulation could stimulate the proliferation and migratory
and invasive abilities of gastric cancer cells, suggesting a
tumor promoter role of miR-1307-3p in the progression of
gastric cancer.

Previous studies demonstrated that the dysregulation
of miR-1307-3p in breast cancer and hepatocellular carci-
noma is significantly associated with a poor survival rate in
patients (18,19). Additional miRNAs have also been reported
to predict the prognosis of patients with gastric cancer (15,28).
Furthermore, the upregulation of miR-199a-3p is associated
with a poor prognosis in patients with gastric cancer, indicating
that it can serve as a prognostic indicator (29). In the present
study, the clinical significance of miR-1307-3p in gastric
cancer was also evaluated. The upregulation of miR-1307-3p
in gastric cancer was closely associated with the TNM stage
of patients, suggesting that it may be considered as an inde-
pendent indicator for the prognosis of patients. These results
indicated the involvement of miR-1307-3p in gastric cancer
development and patients' prognosis.

In order to develop novel therapeutic strategies against gastric
cancer, it is crucial to determine the underlying mechanism of

miR-1307. A previous study reported that DAB2IP is a direct
target of miR-1307-3p, and that miR-1307-3p can promote
tumor growth and metastasis in hepatocellular carcinoma (18).
In gastric cancer, DAB2IP is a downregulated gene that
regulates the proliferation and metastasis of gastric cancer
cells (30). Furthermore, DAB2IP can regulate numerous
cellular functions, including cell proliferation, apoptosis and
metastasis (31). In the present study, dual-luciferase reporter
assay identified DAB2IP as a direct target of miR-1307-3p. It
was therefore speculated that miR-1307-3p could participate in
gastric cancer progression by targeting DAB2IP.

This study presented a limitation. Due to the small sample
size, the association between miR-1307-3p expression and
certain clinicopathological characteristics of patients, such as
lymph node metastasis and differentiation, was not significant,
although these are important clinical factors (32-34). The
sample size should therefore be expanded in future studies
in order to obtain results that would better reflect the clinical
situation.

In conclusion, the present study demonstrated the signifi-
cant upregulation of miR-1307-3p in gastric cancer tissues
compared with normal tissues. The expression level of miR-
1307-3p was significantly associated with the TNM stage
and poor prognosis of patients. Subsequently, miR-1307-3p
may serve as a tumor promoter of gastric cancer, where its
upregulation could significantly promote the proliferation and
migratory and invasive abilities of gastric cancer cells. These
results suggested that miR-1307-3p inhibition may be consid-
ered as be a novel therapeutic strategy for the management of
gastric cancer.
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