@ﬁ SPANDIDOS
,3,‘ PUBLICATIONS

MOLECULAR MEDICINE REPORTS 12: 5255-5261, 2015

MicroRNA-34a attenuates the proliferation, invasion and
metastasis of gastric cancer cells via downregulation of MET
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Abstract. Proliferation, invasion and metastasis are key
features of gastric cancer, contributing to high mortality rates
in patients with gastric cancer worldwide. As a direct target
of p53, the functions of microRNA (miR)-34a are important,
but controversial, in the progression of gastric cancer. In
the present study, the clinical importance of miR-34a in GC
specimens (n=40) were investigated and were confirmed in an
independent cohort from The Cancer Genome Atlas (TCGA,;
n=352). The prognostic value of miR-34a was analyzed using
a Kaplan-Meier survival curve in the TCGA cohort, in combi-
nation with complete follow-up data (n=157). The level of
miR-34a was detected in the human gastric cancer cell line
and normal gastric epithelial cell line. The effect of miR-34a
on proliferation and invasion were evaluated using Cell
Counting Kit 8, colony formation and cell invasion assays. The
molecular basis of miR-34a was determined by bioinformatics
prediction. The correlation between miR-34a and MET was
assessed using reverse transcription-quantitative polymerase
chain reaction and western blot analyses. The results indi-
cated that miR-34a was downregulated in the gastric cancer
tissues, compared with the normal gastric tissues (P<0.01).
miR-34a was negatively correlated with the depth of invasion
and lymph node metastasis of gastric cancer (P<0.01). In the
TCGA cohort, the levels of miR-34a were lower in T3 and T4
tumor stages, compared with the level in the T1 stage, and low
levels of miR-34a predicted significantly longer survival rates
in patients with GC (P<0.05). miR-34a also attenuated the
proliferation ability, and inhibited the colony formation and
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cell invasion abilities of the cells (P<0.01). A negative corre-
lation was observed between miR-34a and MET in gastric
cancer (P<0.01; r=-0.9526), and >60% of cases exhibited
consistent expression of miR-34a and MET in gastric cancer
(P<0.01). In conclusion, miR-34a was associated with the
clinicopathological features of gastric cancer and was a valu-
able predictor of patient prognosis. miR-34a acted as a tumor
suppressor to inhibit gastric cancer proliferation and invasion
via the downregulation of MET.

Introduction

Gastric cancer (GC) is one of the most prevalent types of
malignancy worldwide and contributes to the second most
common cause of cancer-associated mortality worldwide (1,2).
The pathogenesis of GC is a multistep process, involving single
or multiple mutations of genes associated with cell prolif-
eration, invasion and metastasis (3). The prognosis of patients
with GC is poor, with a 5-year overall survival rate of 28%
worldwide (1,2). One of the key reasons for the poor prognosis
of patients with GC is its character of invasion and metastasis,
which has been observed to occur in >60% of patients at the
point of diagnosis (4-6). Therefore, it's important to under-
stand the molecular basis of GC invasion and metastasis in
order to develop novel therapeutic strategies for GC (7). The
discovery of microRNAs (miRNAs) is a significant milestone
in the investigation of cancer, including GC (8).

miRNAs are small, non-cording RNAs, 17-25 nucleotides
in length, and are involved in the post-transcriptional regula-
tion of hundreds of target genes. miRNA-protein complexes
can bind to the mRNA of target genes, leading to degradation
or translational inhibition of target genes, which controls a
wide range of biological functions, including cell prolifera-
tion, differentiation and apoptosis (8-10). miRNAs have been
a major focus in studies investigating cancer (4,7,11,12).
Increasing evidence indicates that miRNAs have paradoxical
functions and act in a cell context-dependent manner (13,14).

The has-miR-34 family is located in Chlp36, a region
that is frequently deleted in tumors (15). It has been reported
that miR-34b/c is decreased in human non-small cell lung
cancer cell lines, however, miR-34a cannot simply be defined
as a tumor suppressor or oncogene, as paradoxical roles of
miR-34a have been observed in several types of cancer (16). In
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human glioma, miR-34a reduces the expression of Notch and
acts as a tumor suppressor (17). The same effect of miR-34a
has been observed in human hepatocellular carcinoma and
GC (18,19). However miR-34a is upregulated in hepatocellular
carcinoma and is associated with hepatocarcinogenesis (20).
A GC miRNA profile also demonstrates that miR-34a is
overexpressed in GC tissues, compared with normal gastric
tissues (21). Therefore, improving current understanding of
miR-34a in GC is important.

The present study investigated miR-34a in clinical
specimens, and in an independent, secondary cohort from
The Cancer Genome Atlas (TCGA), in order to determine
the prognostic value of miR-34a for patients with GC. In an
attempt to unravel the properties of miR-34a, experiments
were performed in GC cells. Furthermore, the downstream
target of miR-34a was predicted using a bioinformatic method,
and was verified in GC cells.

Materials and methods

Human tissue samples and cell lines. GC samples were obtained
from 40 patients (average age, 54.5+11.73 years; 25 males and
15 females), with clear diagnostic information, from the People's
Hospital of Guangxi Zhuang Autonomous Region (Nanning,
China). The patients were recruited between December 2012 and
June 2014, and tissue samples were collected immediately after
surgery. Two tissue samples were obtained from each patient, one
sample of GC tissue, and one sample of adjacent gastric mucosa
tissue. Out of the 40, a total of 20 adjacent gastric mucosa tissue
samples were identified as normal gastric mucosa, whereas the
other 20 samples were identified as dysplastic or metaplastic and
were excluded from the present study. Overall, 10 pairs of fresh
GC tissues and corresponding adjacent gastric tissues were used
in the present study, due to the good quality RNA which was
extracted from them. All samples were obtained following the
provision of patient consent, and the experiments were approved
by the Ethics Committee of the People's Hospital of Guangxi
Zhuang Autonomous Region, according to the Declaration of
Helsinki.

The SGC7901 GC cell line and normal gastric epithelial cells
were purchased from the Shanghai Institute of Biochemistry
and Cell Biology (Shanghai, China). The cells were cultured
in RPMI-1640 medium (Hyclone, Logan, UT, USA) with 10%
fetal bovine serum (FBS) and incubated at 37°C with 5% CO,.

Immunohistochemistry (IHC). All the GC specimens were
sectioned at 4 ym for IHC staining, according to the manufac-
turer's instructions, using a DAKO REAL EnVision Detection
system (Dako, Glostrup, Denmark). The slides were retrieved
in boiling water for 3 min and cooled at room temperature.
Primary rabbit anti-human polyclonal MET antibody (1:200;
cat. no. sc-161; Santa Cruz Biotechnology, Inc., Dallas, TX,
USA) was used to detect the expression of MET in the GC
tissues. A semi-quantitative method was used to evaluate the
MET staining in the GC tissues independently by two patholo-
gists, according to the staining intensity and the percentage of
positive cells.

RNA extraction and reverse transcription-quantitative
polymerase chain reaction (RT-qPCR). Total miRNA was
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extracted from the human tissue samples and the GC cells
using RNAiso for Small RNA (Takara, Bio, Inc., Otsu, Japan),
according to the manufacturer's instructions. A Tagman
MicroRNA Reverse Transcription kit (Applied Biosystems
Life Technologies, Foster City, CA, USA) was used to synthe-
size cDNA, and the expression of miR-34a was detected
using a Tagman MicroRNA assay (Applied Biosystems Life
Technologies), according to the manufacturer's instructions.
U6 small nuclear RNA was used as an internal control.

Total mRNA was extracted from the cell lines and fresh
GC tissue samples and was detected using a Nanodrop ND
2000 (Thermo Fisher Scientific, Inc., Wilmington, DE,
USA). gPCR was performed to assess the expression of MET
using an RT-PCR kit (Takara, Bio, Inc.). GAPDH was set
as an internal control. All the reactions were performed at
least three times using a CFX96 RT-PCR detection system
(Bio-Rad Laboratories, Inc., Hercules, CA, USA). Briefly
2 ul cDNA samples were subjected to PCR, using SYBR
Premix Ex Taq (Takara, Bio, Inc.). The following primers
were used: MET, forward GTAAGTGCCCGAAGTGTA,
reverse TTTCTTGCCATCATTGTC; and GAPDH,
forward TGTGGGCATCAATGGATTTGG, and reverse
ACACCATGTATTCCGGGTCAAT (Invitrogen Life
Technologies, Carlsbad, CA, USA). The PCR cycling condi-
tions were as follows: 95°C for 30 sec, 40 cycles at 95°C for
5 sec and 60°C for 30 sec, and final dissociation at 95°C for
15 sec, 60°C for 30 sec and 95°C for 15 sec. The mRNA
expression levels were quantified using the 222 method (22).

Transfection of miRNA reagents. The miRNA mimic and
non-specific control were purchased from Guangzhou Ribobio
Co., Ltd. (Guangzhou, China), which were transfected into
the SGC7901 GC cells at a concentration of 100 nmol/l using
Lipofectamine 2000 (Invitrogen Life Technologies), according
to the manufacturer's instructions. The culture medium was
replaced 6 h after transfection at 37°C.

Cell proliferation assay. The SGC7901 GC cells
(1x10* cells/well) were seeded into a 96-well plate and
continuously cultured for 0, 24, 48 and 72 h at 37°C. At each
time interval, 20 ul Cell Counting Kit-8 (CCKS8; Beyotime
Institute of Biotechnology, Haimen, China) was added and
the cells were incubated at 37°C for 2 h, prior to detecting the
absorbance at 450 nm (Multiskan; Thermo Fisher Scientific,
Inc., Waltham, MA, USA).

Colony formation assay. Single SGC7901 cells (300 cells/well)
were seeded into a 6-well plate and cultured for 10 days.
The colonies formed by the single SGC7901 cells were then
fixed in 4% paraformaldehyde for 20 min and stained with
1% crystal violet for 10 min at room temperature. The numbers
of colonies were manually counted and statistically analyzed.

Cell invasion assay. To evaluate the invasiveness of the GC
cells, a Transwell invasion assay was performed. The upper
surface of the chamber was pre-coated with a 10 1 mixture of
Matrigel (BD Biosciences, Franklin Lakes, NJ,USA) and serum
free medium (1:1, v/v). The cells (1x10* cells) were suspended
in 200 ul serum-free medium and added to the upper chamber
of the Transwell (EMD Millipore, Billerica, MA, USA), which
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was inserted into a 24-well plate. In the lower chamber, 500 yul
RPMI-1640 with 10% FBS was added. Following incubation
for 24 h at 37°C, the cells on the upper chamber were removed
and the cells on the lower chamber were fixed and stained with
crystal violet. Images of the invaded cells were captured in five
randomly-selected fields using a microscope (CX31; Olympus
Corporation, Tokyo, Japan) and counted manually.

Bioinformatic analysis. The TCGA database (https://tcga-
data.nci.nih.gov/tcga/tcgaHome?2 jsp) was used to investigate
the association between the expression of miR-34a and clinico-
pathological features, and the prognosis of patients with GC. A
designed web tool (http://www.cbioportal.org/public-portal/)
was used for examining the TCGA database (23,24). The
cut-off value for miR-34a in the GC of the TCGA cohort was
set using X tile software (version 3.6.1; Yale University, New
Haven, CT, USA) (25). For miRNA target prediction, three
popular public databases [PicTar (http://pictar.mdc-berlin.
de/) (26), DIANA Tools (http://diana.imis.athena-innovation.
gr/DianaTools/index.php) (27) and miRTarBase (http://mirtar-
base.mbc.nctu.edu.tw/) (28)] were scanned. The selected
Novoseek-inferred disease associations for MET was reviewed
using the integrated gene database, GeneCards (http:/www.
genecards.org/).

Western blotting. Western blotting was performed to detect
the protein level of MET in different samples. The GC cells
were harvested 72 h after transfection. Total protein was
extracted, according to the manufacturer's instructions of the
protein extraction kit (Beyotime Institute of Biotechnology)
and concentrations were determined using an Enhanced BCA
Protein Assay kit (Beyotime Institute of Biotechnology). A
total of 50 ug protein was loaded into each lane and separated
on a 15% gel, which was then wet transferred onto a poly-
vinylidene difluoride membrane (EMD Millipore). Following
blocking with 5% milk powder, the membranes were incu-
bated with rabbit anti-human polyclonal MET antibody
(cat. no. sc-161; Santa Cruz Biotechnology, Inc.) and mouse
anti-human monoclonal GAPDH antibody (cat. no. sc-322233)
Santa Cruz Biotechnology, Inc.), respectively, overnight at
4°C. Subsequently, horseradish peroxidase (HRP)-labeled
secondary antibody (Beyotime Institute of Biotechnology)
was added and incubated at room temperature for 2 h. All
primary antibodies were used at a concentration of 1:500 and
the second antibody was used at a dilution of 1:2,000. The
proteins were visualized using a Pierce ECL chemilumines-
cent substrates (Thermo Fisher Scientific, Inc.) and analyzed.
GAPDH was used as an internal control.

Statistical analyses. All statistical analyses were performed
using SPSS version 20.0 software (IBM, Armonk, NY,
USA). Student's t-test was used for normally distributed
data. Bonferron's-corrected Mann-Whitney U test was used
to assess the expression of miR-34a in the different GC
specimens. Correlation between the expression of miR-663
and the clinicopathological features of the patients was
determined using Pearson's % test. The prognostic value of
miR-34a was estimated using a Kaplan-Meier survive curve.
Data are presented as the mean + standard deviation. P<0.05
(") and P<0.01 (™) were considered to indicate a statistically
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significant difference. All experiments were performed at
least three times using triplicate samples.

Results

miR-34a is negatively correlated with invasion/metastasis
and the prognosis of patients with GC. On comparing the
levels of miR-34a in GC tissues and normal gastric epithelial,
miR-34a was expressed at lower levels in the GC tissues,
compared with the normal gastric tissues (12.00+0.47, vs.
7.06+0.33; P<0.01; Fig. 1A). The correlation between miR-34a
and the invasion and metastasis of the GC cells was also
evaluated in the GC specimens. The results indicated that
miR-34a was significantly lower in cases exhibiting serosa
invasion and significantly higher in cases exhibiting musocal
invasion (P<0.01; Fig. 1B). Low expression levels of miR-34a
were detected in the GC specimens exhibiting lymph node
metastasis (27/40; P<0.01; Fig. 1C). These results indicated
that miR-34a was negatively correlated with the depth of
invasion and lymph node metastasis in the GC specimens.
These results were also confirmed in an independent cohort
from the TCGA database, which was used to investigate
the association between miR-34a and clinicopathological
features and the prognosis of patients with GC. Among
the TCGA cohort (n=352) with diagnostic information,
157 cases had complete follow-up information. The results
demonstrated that the levels of miR-34a were significantly
lower in T3 and T4, compared with T1 (P<0.05; Fig. 1D). A
Kaplan-Meier survival curve was used to analyze the predic-
tive value of miR-34a GC samples. The results indicated
that patients with high expression levels of miR-34a had a
significantly longer duration of survival following surgery,
compared with those with low expression levels of miR-34a
(P<0.05; Fig. 1E). These results indicated that low levels of
miR-34a in GC suggested frequent invasion and metastasis
and predicted poorer prognosis in patients.

miR-34a suppresses the proliferation, colony formation and
invasion of GC cells. GES1 is a normal gastric epithelial
cell line, which was used in the present study as a normal
control. The levels of miR-34a were significantly lower in
the SGC7901 GC cell line, compared with its level in the
GESI line (P<0.01; Fig. 2A), which confirmed the findings
of the expression of miR-34a in the clinical specimens. In
order to determine the effect of miR-34a on the proliferation,
colony formation and invasion abilities of the GC cells, an
miR-34a mimic was used. The OD450 value was signifi-
cantly decreased in the group transfected with the miR-34a
mimic, compared with the control group (P<0.01; Fig. 2B). A
colony formation assay was used as a representative assay to
assess the self-renewal ability of the cancer cells. Compared
with the control, the SGC7901 transfected with the miR-34a
mimic exhibited a reduced colony number (P<0.01; Fig. 2C
and D). A cell invasion assay was used to assess the impact
of miR-34a on the invasiveness of GC. The SGC7901 cells
transfected with the miR-34a mimic exhibited a reduced
number of invaded cells, compared with the control (P<0.01;
Fig. 2E and F). These data demonstrated that miR-34a attenu-
ated the proliferation, colony formation and invasion of the
GC cells.
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and GC tissues (n=40). (B) Association between miR-34a and the depth of invasion in GC was evaluated. (C) Correlation between miR-34a and lymph node
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Table I. Top 10 candidate targets of microRNA-34a, predicted
using the PicTar, DIANA Tools and miRTarBase databases.

PicTar DIANA Tools miRTarBase
DLLI1 CDKN2C BIRC3
MGC34648 ACSL4 GRM7
SYT1 CDK4 JAGI1
NAV3 E2F1 MYC
NOTCHI1 MET MYB
RALGPS2 MYB MET
VAMP2 ERLIN1 CDK4
CNTN2 MMS19 CCND1
MET HNF4A BCL2
ZDHHC23 DTYMK NOTCHI1

Table II. Selected Novoseek-inferred disease associations for
the MET gene.

Number of
Disease -log (P-value) hits
Tumor 71.6 679
Metastasis 69.6 209
Cancer 65.5 337
Hereditary papillary renal cancer 61.8 3
Gastric carcinoma 60.2 66
Thyroid papillary carcinoma 59.5 26
Carcinoma renal cell 57.8 66
Carcinoma 57.5 102
Hepatocellular carcinoma 56.9 67
Gastric cancer 56 103
Lymphatic metastasis 41.1 1
Non-metastatic 36.1 3
Metaplasia 29.6 7
Metastatic osteosarcoma 249 1
Liver metastases 11.6 20

miR-34a inhibits the expression of MET in GC. The present
study predicted the candidate downstream targets of
miR-34a in the PicTar, DIANA Tools and miRTarBase miR
databases. Among the top 10 candidate genes predicted by
these databases, MET was the only common gene (Fig. 3A
and Table I). The predicted binding sites of MET are listed
in Fig. 3B. The mRNA expression of miR-34a and MET
were examined in 10 fresh GC specimens (Fig. 3C). A linear
regression model was used to analyze the underlying associa-
tion between the expression of miR-34a and MET. The results
indicated that miR-34a was negatively correlated with MET
(P<0.01; r=-0.9526; Fig. 3D). Following transfection with the
miR-34a mimic, SGC7901 cells exhibited downregulated
protein levels of MET (Fig. 3E). MET was reviewed due to
its significant role in tumor and metastasis (P<0.01; Table II).

The present study then examined MET staining in
clinical specimens of GC using IHC. The results revealed
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high expression levels of MET in the samples with low
expression of miR-34a, however, the expression level was low
in the samples with high expression of miR-34a (Fig. 3F).
Statistical analyses revealed that >60% of the GC samples
exhibited low miR-34a/high MET, and high miR-34a/low
MET. (P<0.01; Fig. 3G). These results indicated that miR-34a
negatively regulated MET, which mediated the invasion and
proliferation of GC.

Discussion

The dynamic expression and functions of miRNAs are closely
associated with the progression of cancer and malignancy,
which has been confirmed by the detection of miRNAs in clin-
ical specimens (29). Certain miRNAs are termed ‘oncomiRs’
as they exhibit high levels of expression in cancer and fuel the
malignant behavior of cancer cells, examples of which include
miR-10b in breast cancer and miR-21 in glioblastoma (30,31).
Tumor suppressor miRNAs are often downregulated in cancer
and inhibit the carcinogenesis and progression of cancer, for
example, miR-218 has been found to attenuate the invasion,
migration, proliferation and self-renewal of glioma cells via
targeting Bmi (32). B-cell lymphoma (Bcl)2, an anti-apoptotic
gene, has been reported to be negatively regulated by miR-15a
and miR-16-1 (33,34). Thus, a reduction in the expression
levels of these miRNAs lead to the overexpression of Bcl2 and
contributes to the progression of leukemia and prostate cancer.
miR-34a belongs to the miR-34 family, which have been
identified computationally and confirmed as evolutionarily
conserved (35-38).

Human miR-34a is involved in the p53 tumor suppressor
network, thus, its dysregulation is involved in cancer aggres-
sion. While miR-34a is considered to be a multifaceted miRNA
in different types of cancer and has a variety of functions, a
number of which appear opposite, miR-34a predominantly
inhibits proliferation, progression and invasion and has
been reported to be a tumor suppressor in colon cancer and
glioblastoma (17,39). However, miR-34a is overexpressed in
hepatocellular carcinoma and is associated with liver carcino-
genesis (20). A previous microRNA profile in human GC tissue
revealed that miR-34a is upregulated, compared with normal
gastric tissue (21). These paradoxical functions of miR-34a
suggest that its effects in GC require further investigation.

Concerning the association between miR-34a and the
clinicopathological features of GC, the present study exam-
ined level of miR-34a in tissue samples from patients with GC,
which were confirmed in an independent TCGA cohort. The
results indicated that miR-34a was a negative indicator of GC
invasion/metastasis and a valuable predictor for the prognosis
of patients with GC, suggesting that miR-34a may be consid-
ered as a tumor suppressor miRNA in GC.

These clinical data led to the present study investi-
gating the role of miR-34a through a series of experiments.
Consistent with the clinical data, miR-34a was expressed at
a low level in the SGC7901 GC cell line and at a high level
in the normal GESI1 gastric epithelial cell line. Furthermore,
miR-34a attenuated the proliferation, colony formation and
invasion of the GC cells in vitro, which provided further
evidence that miR-34a acted as a tumor suppressor miRNA
in the GC cells.
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Figure 3. Molecular basis of miR-34a in modulating GC proliferation, invasion and metastasis. (A) MET was the only common target of miR-34a among the
top 10 candidate genes predicted by PicTar, DIANA Tools and miRTarBase. (B) Binding site on MET of miR-34a. (C) Relative expression levels of miR-34a
and MET in 10 (#1-10) fresh GC specimens. (D) A linear regression model was used to assess the association between miR-34a and MET. (E) Regulation of
MET by miR-34a was examined using western blottng. (F) MET was stained in the GC specimens in order to verify the association between miR-34a and
MET (hematoxylin & eosin; magnification, x400). (G) Percentage of consistent expression of miR-34a and MET in the GC specimens. Data are presented as
the mean + standard deviation ("P<0.05 and “P<0.01). miR, microRNA; GC, gastric cancer.

Since miR-34a is an miRNA, the present study bioinfor-
matically analyzed miR-34a in the PicTar, DIANA Tools and
miRTarBase miRNA targets databases. MET was found to
be the only common candidate among the top 10 candidates
of each database. MET was located at Chr7 q31.2, and was
observed to be closely associated with tumors and metastasis.
MET is considered to be an oncogene, activated in several
types of cancer (40,41). In colorectal cancer, the level of c-MET
predicts early stage invasion and regional metastasis (42).
Knockdown of c-MET in ovarian cancer significantly inhibits

the extracellular signal-regulated kinase and phosphoinositide
3-kinase signaling pathways, as well as the activity of matrix
metalloproteinase 2/9 (43). Co-expression of c-Met and hepa-
tocyte growth factor in colorectal cancer allows identification
of a metastatic phenotype, which correlates with advanced
stage and poor survival rates (44). In hepatocellular carcinoma,
low expression levels of miR-34a have been demonstrated to
contribute to cancer malignancy via targeting c-Met (19). In
the present study, miR-34a was found to negatively regulate
the expression of MET in GC, suggesting that the tumor



suppressing effect of miR-34a may be mediated by the down-
regulation of MET.

Notably, >60% of the samples in the present study exhibited
consistent expression of miR-34a and MET, with inconsistent
expression observed in a minority of the GC samples. The
effects of miR-34a occur in a tissue-specific manner, which
involves several downstream targets. In glioma, miR-34a is
reported to inhibit Notch1 and Notch2, leading to glioma growth
suppression (17). In GC, survivin has been identified as another
downstream target of miR-34a in modulating proliferation and
invasion (18). Therefore, it is of importance to discern the inter-
action of miR-34a and its targets in different types of cancer.

In conclusion, with confirmation using TCGA data, the
results of the present study revealed miR-34a as a tumor
suppressor miRNA, which attenuated proliferation and inva-
sion, predominantly through targeting MET in GC. These
findings provide a novel perceptive to further understand the
underlying molecular basis of the proliferation and invasion of
GC and potential therapeutic approaches for GC.
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