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Abstract: This study aims to elucidate the effects of microRNA-27a (miR-27a) on the proliferation and invasion of
gastric cancer (GC) cells by targeting SFRP1 via Wnt/B-catenin signaling pathway. GC and normal adjacent tissues
were collected from 273 GC patients. Human gastric cancer cell line (MGC803) and normal human gastric mucosal
cell line (GES-1) were cultured. The miR-27a mRNA expression was analyzed using Quantitative real-time poly-
merase chain reaction (QRT-PCR). Immunohistochemistry (IHC) test was used to detect miR-27a and SFRP1 protein
expressions. After transfection, cells were divided into five groups: the negative control (NC) group, the miR-27a
inhibitor group, the miR-27a mimics group, the miR-27a inhibitor + SFRP1 siRNA group and the miR-27a mimics +
SFRP1 overexpression group. Western blotting was conducted to test SFRP1 and Wnt/[-catenin protein expression.
Analysis for the target gene of miR-27a was performed using Luciferase assay. Cell proliferation, migration and
invasion were determined by CCK8 and Transwell assay. The dual-luciferase reporter assay system was applied to
analyze the effects of miR-27a on Wnt/B-catenin signaling pathway. In GC tissue and cell line, miR-27a protein and
mMRNA expressions were up-regulated, and SFRP1 protein and mRNA expressions were down-regulated. Luciferase
assay indicated that miR-27a might target SFRP1 and regulate its expressions. When miR-27a was down-regulated,
SFRP1 was up-regulated, and B-catenin, Wnt, p-B-catenin, and p-Wnt were significantly down-regulated. Compared
with the NC group, the proliferation, migration and invasion of GC cells were remarkably increased in the miR-27a
group, but these were declined in the miR-27a mimics + SFRP1 overexpression group. The proliferation, migration
and invasion of GC cells were elevated in the miR-27a inhibitor + SFRP1 siRNA group compared with the miR-27a in-
hibitor group. These results showed that miR-27a was highly expressed in GC tissues and cells, and it might promote
cell proliferation, migration and invasion by targeting SFRP1 via the activation of Wnt/B-catenin signaling pathway.
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Introduction niques, researchers gradually redirected atten-

tion towards potential genes related to GC.
Gastric cancer (GC) is derived from epithelial

cells of the gastric mucosa, with its incidence
ranked No. 4 and the mortality rate ranked No.
2 all over the world [1]. The prevalence of GC
shows obvious regional differences with the
highest incidence in the northwest and eastern
coastal areas [2]. The occurrence and develop-
ment of GC are multi-step and multi-factor pro-
cesses in which both genes and environmental
factors may be involved [3-5]. In addition, infec-
tion plays a very important role in cancer [6]. In
recent years, with the rapid development of
molecular biology, especially gene cloning tech-

MicroRNA is a class of non-coding small RNA
molecules, with the capacity of oncogene or
anti-oncogene activity, which can negatively
regulate target gene, and play an important
role in tumorigenesis [7]. Human microRNA-
27a gene is located on chromosome 19, which
is implicated in regulating the expression of
multiple genes [8, 9]. Secreted frizzled-related
protein (SFRPs), a tumor suppressor protein,
is a regulator of Wnt signaling pathway [10].
SFRP1 can inhibit Wnt signaling pathway and
also bind protein Wnt in the extracellular com-
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partment to inhibit ligand-receptor interactions
and signal transduction [11]. Wnt/B-catenin
signaling pathway can affect gene expression
and cell migration [12]. B-catenin is of great
importance in the signal transduction, stability
and accumulation in cytoplasm [13]. Experi-
mental results show that microRNA-27a (miR-
27a) can target at gene Myt-1 to involve in cell
cycle regulation [14], so we speculated that in
other malignancies such as GC, miR-27a may
also target on specific genes and play a similar
role in the cell regulation. In this regards, the
study aims to investigate the effects of miR-27a
on the proliferation and invasion of GC cells by
targeting SFRP1 via Wnt/B-catenin signaling
pathway.

Materials and methods
Ethical statement

This study was carried out in conformity with
medical ethical standards and was approved
by Ethics Committee of Jiangxi Cancer Hos-
pital and the First Affiliated Hospital of
Nanchang University. Written informed con-
sents were obtained from eligible patients.

Subjects

Human gastric cancer (GC) tissue samples
were collected from 273 patients who were
pathologically diagnosed with GC and under-
went surgery in Jiangxi Cancer Hospital and
the First Affiliated Hospital of Nanchang
University between January 2013 and January
2016. There were 189 patients under 60
years of age and 84 patients over 60 years
of age. And there were 147 males and 126
females with a mean age of 52.46 + 14.56
years. In all patients, 120 patients were diag-
nosed with moderate or well differentiated
GC, and 153 patients were diagnosed with
poorly differentiated or undifferentiated GC.
According to tumor-node-metastasis (TNM)
staging issued by the American Joint Commi-
ttee on Cancer (AJCC) in 2010 [15], there
were 142 patients with stage I/l GC and 131
patients with stage Ill/IV GC, and there were
105 patients without lymph node metastasis
and 168 patients with lymph node metastasis.
All patients had no history of chemotherapy
or radiotherapy before surgery. GC tissues
and adjacent normal tissues (over 5 cm distant
from cancer tissue) were obtained, immersed
in liquid nitrogen and stored at -80°C in a
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freezer. One half of the tissues were used for
qRT-PCR to detect microRNA-27a (miR-27a)
MmRNA expressions, and the other half was
used for immunohistochemistry to detect
SFRP1 protein expressions. Tissues were
fixed with 10% formalin and embedded with
paraffin, prior to immunohistochemistry test.

Quantitative real-time polymerase chain reac-
tion (QRT-PCR)

Total RNA was extracted from frozen tis-
sues (100 mg) with miRNeasy Mini Kit (Qiagen
Company, Hilden, Germany). RNA concentra-
tion and purity were determined with an opti-
cal density ratio (OD260/0D280) of 1.7-2.1.
The cDNA template was synthesized after re-
verse transcription of RNAs, followed by which
gRT-PCR was performed using ABI7500 real
time PCR instrument (ABI Company, Oyster
Bay, NY, USA). The reaction system (20 ul in
total): 2 x Allinone TM qPCR Mix (10 ul; Biomed
Gene Technology Co., Ltd, Beijing, China), 1 ul
forward primer (1 pl; 10 puM), reverse primer
(4 pl; 10 uM), cDNA (1 ul), and distilled deion-
ized H,O (7 pl). The reaction condition: pre-
denaturation for 10 min at 95°C, 35 cycles
of denaturation for 10 s at 95°C, annealing for
20 s at 60°C and extension for 30 s at 72°C.
The primers for gRT-PCR: forward primer of
miR-27a: 5-GGCTTAGCTGCTTGTGAGCA-3’; re-
verse primer of miR-27a: 5-GCGGAACTTAGC-
CACTGTGA-3’; U6 snRNA: 5-CTCGCTTCGGCA-
GCACA-3. With U6 snRNA (Shanghai Gene-
pharma, Co., Ltd, Shanghai, China) selected as
internal reference, the relative expression of
the target gene was calculated as 2-AA Ct. ACt
= Ct(miR-27a) - Ct(ue)’ AACt = ACt(GCtissue) - ACt(adjacent
normat tissuey 1 NE threshold cycle (Ct) was obtain-
ed when the fluorescence intensity reached
certain threshold value. All tests were repeated
for three times.

Immunohistochemistry (IHC)

Paraffin-embedded tissues were sliced into
4-pym-thick sections, followed by dewaxing with
dimethylbenzene and hydration in graded etha-
nol. Antigen retrieval was achieved by micro-
wave heating. Endogenous peroxidase was
blocked using 3% hydrogen peroxide, and tis-
sues were kept in darkness at room tempera-
ture for 10 min. Then primary antibody (sheep
anti-human SFRP1, Santa Cruz Biotechnology,
Inc, Santa Cruz, CA, USA) was added dropwise
into sections, and then they were incubated at
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4°C overnight. Horseradish peroxidase-conju-
gated secondary antibody (Dako North America,
Inc. Carpinteria, CA, USA) was added dropwise
into sections, and then they were incubated at
room temperature for 30 min. After that sec-
tions were stained by diaminobenzidine (DAB)
and counterstained with hematoxylin, and then
they were mounted on slides with neutral bal-
sam. Primary antibody was replaced with PBS
as negative control, and human GC biopsies
were selected as positive control. Five high-
power fields (x 400) were randomly selected for
each section, and 100 cells were counted in
each visual field. Positive protein expressions
were determined by IHC test as the guidelines
published by American Society of Clinical Onco-
logy/College of American Pathologists (ASCO/
CAP) [16]. Positive cells were counted. The ratio
of positive GC cells/total GC cells > 10% was
recorded as positive (+). The positive cell per-
centage < 10% was recorded as negative (-)
The SFRP1 protein expression was scored by
two blinded independent pathologists.

Cell culture

Human gastric cancer cell line (MGC803) and
normal human gastric mucosal cell line (GES-
1), purchased from American Type Culture
Collection (ATCC, VA, USA), were cultured in the
RPMI-1640 medium (Invitrogen Inc., Carlsbad,
CA, USA) containing 10% fetal calf serum (FCS),
and then medium was placed in an incubator
(5% CO,, 95% humidity) at 37°C. Grown as mo-
nolayers, cells were sub-cultured when they
reached 90% confluency. Culture medium was
discarded as usual, and then cells were wash-
ed twice with PBS and digested with 0.25%
trypsin. When the cell gap increased, trypsin
were discarded and single-cell suspension was
prepared with an addition of new medium.

Cell transfection and grouping

Cells were classified into five groups after
transfection: the negative control (NC) group
(transfected with negative control plasmid), the
miR-27a inhibitor group, the miR-27a mimics
group, the miR-27a inhibitor + SFRP1 siRNA
group (co-transfected with both miR-27a in-
hibitor and SFRP1 siRNA plasmids) and the
miR-27a mimics + SFRP1 overexpression group
(co-transfected with both miR-27a mimics and
SFRP1 overexpression plasmids). Both miR-
27a inhibitor and miR-27a mimics plasmids
were purchased from Shanghai Genepharma,
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Co., Ltd. (Shanghai, China). The SFRP1 siRNA
plasmid was purchased from Guangzhou Ri-
boBio Co., Ltd. (Guangdong, China) and it pri-
mer sequence was 5-AGAAGAAGGACCTGAA-
GAA-3'. The SFRP1 overexpression plasmid
was from Sino Biological Inc. (Beijing, China).
Before transfection, cells were cultured in 12-
well plates till they reached 70% confluency.
MiR-27a inhibitor plasmid (same operation for
miR-27a mimics plasmid, SFRP1 siRNA plas-
mid and SFRP1 overexpression plasmid) was
added into Opti-MEM medium (100 ul; Thermo
Fisher Scientific Inc., Waltham, MA). And then
Lipo3000 reagent (Thermo Fisher Scientific
Inc., Waltham, MA) was added, and diluted in
Opti-MEM (Thermo Fisher Scientific Inc., Wal-
tham, MA). After 5 min of dilution, the diluted
solution was mixed with lipo2000 and main-
tained at room temperature for 20 min. The
serum-free medium (800 ul) was added into
each well containing the cells, and then cells
were well mixed with the prepared mixture
(diluted solution with lipo2000). After cultured
for 6 h, cells were transfected for 48 h in the
new medium. The result of cell transfection was
observed under a fluorescence microscope.
Cells were collected for subsequent analysis.

Western blotting

Cultured cells (MGC803 and GES-1) were
rinsed with pre-cooled PBS three times. The
protein was isolated from cells with the addi-
tion of protein lysis buffer (containing cocktail
protease inhibitor which was purchased from
Hoffmann-La Roche Ltd., Basel, Switzerland).
Then cells were allowed to stand on ice for
30 min. Cells were centrifuged at 12000 rpm
for 10 min at 4°C. The supernatant was dis-
pensed into centrifuge tubes and stored at
-20°C. During electrophoresis, the voltage was
changed from 80 V to 120 V once the cells
attached to the separation gel. The electropho-
resis was continued until bromophenol blue
reached the bottom of the gel. Once electro-
phoresis was over, proteins were transferred
onto polyvinylidene fluoride (PVDF) membranes
(Amersham Pharmacia Biotech Co., Ltd, Tokyo,
Japan) using a wet-transferring method (100
V; 90 min; 4°C). Then PVDF membrane was
detached, subsequently, samples were seal-
ed with 5% skim milk and incubated with shak-
ing at room temperature for 1-2 h. Primary anti-
bodies: mouse anti-human SFRP1, Wnt and
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Figure 1. Transfection efficiency among the five groups.
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Figure 2. Comparisons of miR-27a mRNA expression between GC and normal adjacent tissues, between GC and
normal gastric mucosa cell line. Note: miR-27a, microRNA-27a; GC, gastric cancer. *, P < 0.05, compared with ad-
jacent normal tissue or normal gastric mucosa cell lines.

B-catenin, bought from Cell Signaling Tech-
nologies (Beverly, MA, USA), were added and
kept at 4°C overnight. They were washed with
tris buffer solution tween (TBST) (3 times x 10
min). The secondary antibodies were added,
and samples were incubated at room tempera-
ture for 1 h on a rotating platform, followed
by TBST washing (3 times x 10 min). The che-
miluminescence was visualized on X-ray film.
Glyceraldehyde 3-Phosphate Dehydrogenase
(GAPDH) was used as internal reference.

Luciferase assay

The analysis for target genes of miR-27a was
performed on the biological website microRNA.
org. The potential target gene of miR-27a was
predicted, and finally the sequence of frag-
ments containing the binding site was obtain-
ed. And the reporter gene was isolated with
cell lysis buffer, and centrifugated for 3-5 min
at 10000-15000 g, and then supernatant was
collected. Dual Luciferase Reporter Gene Assay
Kit (Firefly luciferase and Ranilla luciferase)
was added to detect the reporter gene at room
temperature. The substrate (100x) of Renilla
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luciferase was preserved in an ice box for later
trials. Certain Renilla luciferase assay kit (100
microliters/sample) was mixed with its sub-
strate of Renilla luciferase (1:100). Fluorometer
was operated in accordance with the instruc-
tion, and the measurement period was 10 s
with the time interval of 2 s. The relative light
unit (RLU) value (20-100 microliters of each
sample) was detected with an addition of Fire-
fly luciferase assay kit (100 microliters), with
the cell lysis buffer of reporter gene as blank
control. Then the RLU value was again mea-
sured with an addition of prepared Renilla lucif-
erase assay kit (100 microliters), and with
Renilla luciferase as the internal reference.
Comparisons of the reporter gene activities
among different samples were performed with
the ratio of the RLU value detected by Firefly
luciferase to the RLU value detected by Renilla
luciferase.

Cell counting kit-8 (CCK-8) assay
The MGC803 cells were inoculated into 96-well

plates at a density of 2 x 103 cells/ml, and 100
ul culture medium was added into each well. At
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Table 1. Associations of miR-27a and SFRP1 protein expressions with clinicopathologic features of

GC patients

Clinicopathologic Case MiR-27a p _ SFBPl _

feature Positive Negative  Positive rate

Age 0.107 0.542
<60 189 191+0.24 135 54 71.43%
>60 84 1.86 £ 0.22 63 21 75.00%

Gender 0.374 0.019
Male 147 1.88+0.24 98 49 66.67%
Female 126 1.91 +£0.23 100 26 79.37%

Lymph node metastasis 0.003 0.023
Yes 168 1.93+£0.23 130 38 77.38%
No 105 1.84+0.24 68 37 64.76%

Tumor differentiation 0.01 0.175
Moderate-high 120 1.85 +£0.26 92 28 76.67%
Low-non 153 1.93+0.20 106 47 69.28%

TNM stage <0.01 0.174
-1 142 1.84 +£0.24 108 34 76.06%
-1V 131 1.96 +0.21 90 41 68.70%

Note: miR-27a, microRNA-27a, SFRP1, secreted frizzled-related protein 1, GC, gastric cancer; TNM, tumor-node-metastasis.

first, the number of cells in each well should be
same, and this time point was set as O h. After
cultured for 24 h, 48 h, 72 h and 96 h, CCK8
reagent (10 ul; CCK8/medium = 1:10) was
added in each well (Beyotime Biotechnology
Co., Shanghai, China), followed by cell incuba-
tion for 1-2 h at 37°C. Microplate reader was
used to determine optical density (OP) value at
the wavelength of 450 nm/630 nm. Three par-
allel holes were set for each group. The average
value was obtained with three-time repeated
tests.

Transwell assay

After 48-h transfection, cells were digested
with trypsin. Cell suspension was prepared
and cells numbers were counted. Then 1 x 10°
cells were seeded into Transwell upper cham-
ber (Corning Inc., Corning, N.Y., USA). The upper
chamber was added with serum-free medium,
and lower chamber was added with culture
medium containing 10% fetal bovine serum
(FBS). Cells were cultured in an incubator for
24 h, and then non-migrated cells were re-
moved from the chamber using a cotton swab.
Subsequently, migrated cells were fixed with
2% paraformaldehyde for 20 min, stained for
10 min with 1% crystal violet dye, followed by
three times PBS washing. Migrated cells were
observed under a high power microscope, and
photographed. Six fields were selected for each
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sample. The number of cells across the polycar-
bonate membrane was counted, and served as
the migration ability of cells.

Matrigel (Becton, Dickinson and Company, NJ,
USA) was dissolved at 4°C overnight. After
diluted (1:3) in serum-free medium, the Matrigel
was added into the Transwell upper chamber,
and then it was maintained in an incubator for
30 min. After inoculated with 1 x 10° cell sus-
pension into the upper chamber, the upper
chamber was added with serum-free medium,
and lower chamber was added with culture
medium containing 10% FBS. The number of
cells in each group across the Matrigel was
counted and used as the invasion ability of
cells.

Dual-luciferase reporter assay system

Promega Dual-Luciferase Reporter Assay Sys-
tem, TOP/FLASH and FOP/FLASH reporter ge-
ne system were also applied to detect the
Wnt signaling pathway, where [3-catenin migrat-
ed into the nucleus to form a complex with
the transcription factor TCF/LEF that regulate
the transcription of downstream gene expres-
sions. The cultured cells were seeded into 24-
well plates for 12-24 h, till the cells reach-
ed 80%-90% confluency. The negative control
plasmid, miR-27a inhibitor plasmid, miR-27a
mimics plasmid, miRNA-27a inhibitor + SFRP1

Am J Cancer Res 2017;7(3):405-416
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Figure 3. Comparions of SFRP1 protein expression between GC and normal adjacent tissues, between GC and nor-
mal gastric mucosa cell line. Note: A: SFRP1 protein expression in GC and normal adjacent tissues detected by IHC.
Viewed under a microscope (400x%), with a proportional scale of 1:50 um. B: Comparison of SFRP1 protein expres-
sion between GC cell line (MGC803) and normal gastric mucosal cell line (GES-1) with gray-scale analysis. GAPDH
was used as an internal reference. miR-27a, microRNA-27a; GC, gastric cancer; SFRP1, secreted frizzled-related
protein 1; IHC, immunohistochemistry; GAPDH, glyceraldehyde 3-phosphate dehydrogenase. *, P < 0.05, compared

with normal gastric mucosal cell line (GES-1).

siRNA plasmid, miR-27a mimics + SFRP1 over-
expression plasmid were separately combined
with TOP/flash, FOP/flash and Renilla lucifer-
ase plasmid (pSV40) and used for cell co-trans-
fection. Dual luciferase reporter gene assay
kit was used to test the fluorescence value,
and the ratio of TOP/FOP was obtained. The
fluorescence values of cells transfected with
TOP/flash and Renilla luciferase plasmids were
expressed as F(TOP) and R(TOP), respective-
ly. The fluorescence values of cells transfect-
ed with FOP-flash and Renilla luciferase plas-
mids were expressed as F(FOP) and R(FOP), re-
spectively. TOP/FOP = [F(TOP)/R(TOP)]/[F(FOP)/
R(FOP)]. All tests were repeated for five times.

Statistical analysis

SPSS 21.0 statistical software (SPSS Inc.,
Chicago, IL, USA) was applied to for data analy-
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sis. Measurement data were expressed as
mean + standard deviation (mean + SD). Enu-
meration data were expressed as case number.
And t test was used for comparisons of mea-
surement data among groups. The chi-square
(x?) test was applied in comparisons of enu-
meration data among groups. P < 0.05 was
considered statistically significant.

Results
Transfection efficiency among the five groups

After cell transfection, the transfection efficien-
cy observed under the fluorescence micro-
scope was shown as Figure 1. Strong fluores-
cence signal was observed for all five groups
after transfection. When compared with NC
group, no significant difference of fluorescence
signal was observed in the other four groups

Am J Cancer Res 2017;7(3):405-416
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MIiR-27a directly targets
SFRP1
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Figure 4. The prediction of miR-27a directly targeting SFRP1 by Luciferase
assay. Note: A: The binding site of miR-27a and SFRP1 in the 3'UTR region;
B: Effect of miR-27a on the luciferase activity of SFRP1 analyzed by the lu-
ciferase assay; *, P < 0.05 compared with the NC group. miR-27a, microR-
NA-27a; SFRP1, secreted frizzled-related protein 1; 3’UTR, 3’ untranslated

region; NC, negative control group.

(the miR-27a inhibitor group, the miR-27a mim-
ics group, the miR-27a inhibitor + SFRP1 siRNA
group and the miR-27a mimics + SFRP1 overex-
pression group), suggesting a successful trans-
fection.

MiR-27a and SFRP1 mRNA and protein ex-
pressions in GC tissues and cells

The gRT-PCR results showed that compared
with the adjacent normal tissues, miR-27a
MRNA expression was significantly increased in
GC tissues (P < 0.05) (Figure 2). MiR-27a pro-
tein expression was closely associated with
lymph node metastasis, degree of tumor differ-
entiation and tumor node metastasis (TNM)
staging of GC patients (all P < 0.05), but it was
not associated with age and gender of GC
patients (both P > 0.05) (Table 1). Meanwhile,
human GC cell line (MGC803) also showed a
higher mRNA expression of miR-27a in compari-
son to normal human gastric mucosal cells
(GES-1) (Figure 2). The results indicated that
SFRP1 protein expression was significantly
decreased in GC tissues than that in adjacent
normal tissue (P < 0.05) (Figure 3A). The SFRP1
protein expression was closely related to
degree of tumor differentiation and gender of
patients with GC (both P < 0.05), but was not
related to age, lymph node metastasis and
TNM staging of patients with GC (all P > 0.05)
(Table 1). The SFRP1 protein expression in
MGCS803 cells was also markedly lower than
that in GES-1 cells (P < 0.05) (Figure 3B).
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PhastCons score: 0.6616

The online bioinformatic anal-
ysis software predicted the
target binding site of SFRP1
and miR-27a in 3’-UTR, and
the corresponding sequen-
ces were shown in Figure 4A.
And the results of the luci-
ferase assay exhibited that
the expression of miR-27a
was down-regulated in the
miR-27a inhibitor group, and
there was a higher luciferase
activity in the miR-27a inhi-
bitor group when compared
with the NC group (Figure
4B). Therefore, miR-27a might
directly target SFRP1 and re-
gulate its expression.

MiR-27a targets SFRP1 to activate Wnt/[3-
catenin signaling pathway

Compared with NC group, miR-27a protein and
MRNA expressions were up-regulated while
SFRP1 protein and mRNA expressions were sig-
nificantly down-regulated (both P < 0.05), and
B-catenin, total protein of Wnt, p-B-catenin, and
p-Wnt protein expressions were significantly
up-regulated in the miR-27a mimics group (all
P < 0.05). When miR-27a protein and mRNA
expressions were down-regulated, SFRP1 pro-
tein and mRNA expressions were up-regulated,
and B-catenin, Wnt, p-B-catenin, and p-Wnt
protein expressions were significantly down-
regulated (all P < 0.05) (Figure 5). Thus, miR-
27a might target SFRP1 to activate Wnt/B3-
catenin signaling pathway.

The effect of MiR-27a on the proliferation of
GC cells

The results showed that the miR-27a mimics
group had an elevated proliferation of GC cells
than the NC group (P < 0.05). And the prolifera-
tion of GC cells was declined in the miR-27a
mimics + SFRP1 overexpression group when
compared with the miR-27a mimics group (P <
0.05), but there was no evident difference of
the proliferation of GC cells between the miR-
27a mimics + SFRP1 overexpression group and
the miR-27a mimics group. However, when
compared with the NC group, cell proliferation
was significantly decreased in the miR-27a
inhibitor group (P < 0.05). The miR-27a inhibitor

Am J Cancer Res 2017;7(3):405-416
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Figure 5. Comparisons of miR-27a mRNA expression, and SFRP1, 3-catenin,
total protein of Wnt, p-B-catenin, and p-Wnt protein expressions among the
NC, miR-27a mimics and miR-27a inhibitor groups. Note: A: Comparion of
miR-27a mRNA expressions among the NC, miR-27a mimics and miR-27a in-
hibitor groups detected by qRT-PCR; B: SFRP1, B-catenin, total protein of Wnt,
p-B-catenin, and p-Wnt protein expressions among the NC, miR-27a mim-
ics and miR-27a inhibitor groups detected by Western blotting, GAPDH was
used as internal reference; C: Comparions of SFRP1, B-catenin, total protein
of Wnt, p-B-catenin, and p-Wnt protein expressions among the NC, miR-27a
mimics and miR-27a inhibitor groups. *, P < 0.05, compared with the NC
group; miR-27a, microRNA-27a; SFRP1, secreted frizzled-related protein 1;
gRT-PCR, quantitative real-time polymerase chain reaction; GAPDH, glyceral-
dehyde 3-phosphate dehydrogenase; NC, negative control group.

+ SFRP1 siRNA group exhibited an increased
cell proliferation than the miR-27a inhibitor
group (P < 0.05), but it was similar to that in
the NC group (Figure 6).

The effect of MiR-27a on the migration and
invasion of GC cells

In contrast to the NC group, migration and inva-
sion of GC cells were evidently increased in the
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inhibitor

Wnt s —

NC

miR-27a mimics group (both P
< 0.05), but those in the miR-
27a mimics + SFRP1 overex-
pression group were remark-
ably lower than the miR-27a
mimics group (both P < 0.05).
Cell migration and invasion
were significantly decreased
in the miR-27a inhibitor group
in comparison to the NC group
(both P < 0.05), while those
were elevated in the miR-
27a inhibitor + SFRP1 siRNA
group than the miR-27a inhibi-
tor group (P < 0.05) (Figure 7).

NC mimics

The effect of MiR-27a on
Wnt/B-catenin signaling path-
way

The TOP/FOP value in the miR-

27a mimics group was higher
* than that in the NC group,
while the TOP/FOP value in
the miR-27a mimic + overex-
pression group was lower
than that in the miR-27a mi-
mics group (both P < 0.05).
However, the miR-27a inhibi-
tor group presented a mark-
edly down-regulated TOP/
FOP value than the NC group
(P < 0.05), while the miR-
27a inhibitor + SFRP1 siRNA
group had an up-regulated
TOP/FOP value when com-
pared with the miR-27a inhibi-
tor group (P < 0.05) (Figure 8).
Thus, the Wnt/B-catenin sig-
naling pathway might be ac-
tivated by miR-27a, while it
can be inhibited by the SF-
RP1 overexpression, suggest-
ing that miR-27a might acti-
vate Wnt/B-catenin signaling
pathway via targeting SFRP1.

inhibitor

inhibitor

Discussion

It had been reported that, by base pairing of
mRNA with target genes in 3’'UTR, mRNA is
inhibited for translation, resulting in post-tran-
scriptional gene silencing [17]. Many studies on
GC find among the miRNAs, miR-27a is highly
expressed in GC, suggesting that miR-27a can
be used as a diagnostic marker of GC [18, 19].
Song et al. demonstrates that 16 kinds of miR-
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Figure 6. Comparison of the proliferation ability of GC cells among the five
groups. Note: *, P < 0.05, compared with the NC group; #, P < 0.05 com-
pared with the miR-27a mimics group; *, P < 0.05, compared with the miR-
27a inhibitor group. GC, gastric cancer; miR-27a, microRNA-27a; NC, nega-

tive control group.

NAs (including miR-27a) are up-regulated in
plasma of GC patients [20]. In addition, IHC
shows that SFRP1 in GC tissue is significantly
reduced compared to adjacent normal tissues,
which conforms to the low or no expression of
SFRP1 in breast cancer and colorectal cancer
[24, 22]. SFRP1 gene promoter is hyper-methyl-
ated in GC, which may result in the primary
mechanism for gene silencing, with SFRP1 ex-
pression missing or down-regulated. As a tu-
mor gene suppressor, SFRP1 exerts its sup-
pression role through the promotion of splenic
tumor cell apoptosis, and researchers find that
miR-27a has potential binding sites on SFRP1
mRNA in the region of 3’'UTR [23]. In a variety
of physiological and pathological processes,
mMiRNA plays an important role in targeting
specific genes via mediating target genes ne-
gatively [24].

The results showed that miR-27a was highly
expressed in GC cells, SFRP1 was significantly
down-regulated, B-catenin, total protein of Wnt,
p-B-catenin, and p-Wnt were significantly up-
regulated. Thus Wnt/B-catenin pathway might
be activated with the upregulation of miR-27a.
Meanwhile, with simultaneous SFRP1 overex-
pression, the phenotype is reversed and Wnt
pathway is inhibited. Wnt signaling pathway
regulates embryonic development, cell differ-
entiation and cell proliferation, and it is abnor-
mally activated in a variety of tumors [25-27].
SFRP family, by directly binding to Wnt molecule
in CaaBD region, can lead to abnormal Wnt sig-
naling pathway downstream molecule [11].
SFRP1 could bind with receptor and compete
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with Wnt, or direct combine

inhibitor with  Wnt protein, thereby
+SFRP1+siRNA blocking the Wnt signaling
inhibitor pathway [28]. In recent years,
NC more and more scholars tend
mimics to believe that epigenetic
mimics+SFRP1 changes of SFRP1 and down-

regulation of SFRP1 could
lead to the abnormal activa-
tion of the Wnt pathway even
cause cancer [29]. Abnormal
expression of multiple genes
mediated Wnt/B-catenin sig-
nal activation in GC and ecto-
pic expression of these genes
can often inhibit the Wnt/
B-catenin signaling and sup-
press tumor growth [30]. This
study also found that miR-27a was highly ex-
pressed in the GC tissues and cells, which fur-
ther targeted SFRP1 to activate Wnt/[B-cate-
nin pathway.

Relationship between miRNAs and cancer
reveals that its important role in tumor occur-
rence and development, mainly through regula-
tion of expression of cellular oncogenes, tumor
suppressor genes or metastasis-associated
genes. It is not only involved in the regulation
of tumor cell proliferation and apoptosis, but
also in regulation of tumor invasion and metas-
tasis [31, 32]. The experimental results show-
ed that compared with the NC group, the
proliferation, migration and invasion of GC cells
were remarkably increased in the miR-27a
group, but these were declined in the miR-27a
mimics + SFRP1 overexpression group. The
proliferation, migration and invasion of GC
cells were down-regulated by inhibiting miR-
27a, and were up-regulated by silencing SFRP1.
These results suggested that miR-27a might
promote proliferation, migration and invasion
of GC cells through targeting SFRP1. The mech-
anism of miR-27a promoting the proliferation
of laryngeal carcinoma cells is that the combi-
nation of miR-27a and it target gene affects 3’
untranslated coding region of the prohibition
gene, therefore, miR-27a owns the function of
oncogenes [33]. Guo D et al. report that gene
expression of SFRP1 could be knocked down
by miR-27a, and tumor cell proliferation could
be inhibited, thereby leading to induction of
apoptosis and differentiation [34]. In this study,
Transwell assay is used to detect cell migration
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Figure 7. Comparisons of the migration and invasion abilities of GC cells among the five groups. Note: A: The migration ability of GC cells among the five groups
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compared with the NC group. GC, gastric cancer; NC, negative control group.
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Figure 8. Comparisons of TOP/FOP value among the
five groups with the dual-luciferase reporter assay
system. Note: *. P < 0.05, compared with the NC
group. NC, negative control group.

and invasion. The results indicated that, the
overexpression of miR-27a led to the impro-
ved cell migration and invasion. And the spe-
cific mechanism might be that miR-27a tar-
get SFRP1 to activate Wnt/B-catenin pathway,
thereby regulate cell activities of GC cells.

In summary, our findings demonstrated that
miR-27a was highly expressed in GC tissues
and cells, and it might promote cell prolifera-
tion, migration and invasion by targeting SF-
RP1 via the activation of Wnt/B-catenin sig-
naling pathway. However, the specific mecha-
nism of miR-27a targets SFRP1 to activate
the Wnt/B-catenin signaling pathway in GC re-
mains a future topic which needs to be further
elucidated.
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