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Background: MicroRNAs could target multiple genes by regulating the translation or
degradation of mRNAs, and are involved in functions such as signal transduction pathways
affecting the physiological functions of normal or tumor cells.

Methods: In this study, the expressions of miRNA-21-5p in gastric cancer tissues and SGC-
7901 cells were analyzed, and the effects of miRNA-21-5p on cell proliferation, migration,
invasion, and apoptosis and the expressions of target proteins SMADs in SGC-7901 cells were
evaluated. Inflammatory factors interleukin 1§ and tumor necrosis factor o in siRNA-transfected
SGC-7901 cells were determined by enzyme-linked immunosorbent assay.

Results: MiRNA-21-5p was consistently upregulated in gastric cancer tissues and SGC-7901
cells compared to normal tissues or cells. The knockdown of miRNA-21-5p with antisense
oligonucleotides suppressed cell proliferation, migration, and invasion as well as inflammatory
response, and promoted cell apoptosis and SMAD7 expression.

Conclusion: These results indicate SMAD7 may mediate the oncogenic properties of miRNA-
21-5p in gastric cancer, and miRNA-21-5p would be a promising strategy for the treatment of
gastric cancer.
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Introduction

Gastric cancer (GC) is the fourth most common malignancy and the third leading cause
of cancer-related death worldwide in 2015." The incidence and mortality of GC are the
highest in East Asia (China, Korea, and Japan), and it is the second most lethal cancer
in China.? However, owing to few diagnostic methods for early detection of GC, most
GC patients are diagnosed at middle or late stage, with 35% and 90% of GC patients
having distant metastases and lymph node metastases, respectively.®> Thus, there is
an urgent search for new diagnosis and treatment methods for GC. Now, epigenetic
changes including microRNAs (miRNAs) and long non-coding RNAs have been
confirmed to be involved in the pathogenesis of GC.*

MiRNAs, as small non-coding RNA molecules (20-22 nucleotides long), play
significant roles in post-transcriptional regulation, such as silencing target mRNAs
by binding to miRNA recognition elements in the 3 untranslated region (3’"UTR) and
thus decreasing their protein levels.> MiRNAs as post-transcriptional regulators of
gene expression are critical in the regulation of various bioprocesses, including cell
differentiation, proliferation, and apoptosis.” Accumulating evidence indicates miRNA
mutations or mis-expression correlate with various human cancers and some miRNAs
may function as oncogenes or tumor suppressors in normal and tumor tissues, including
GC.*’ Studies describing the altered expressions of miRNAs in cancer tissues compared
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to normal tissues suggest that miRNAs are potentially
novel clinical and prognostic biomarkers for the detection
of various cancers.!*!! The discovery of miRNAs and their
expression profiles among different diseases indicates the
common miRNA-21 could serve as a potential biomarker for
GC detection.'? MiRNA-21-5p (miR-21-5p; hsa-mir-21-5p)
located on 17g23.1 has been identified in several tumors and
is in particular highly expressed in GC tissues, which indicate
an enhanced expression with the disease advancement.

As described earlier, miR-21-5p seems to play an
important oncogenic role in GC. In this study, we aimed to
elucidate the effects of miR-21-5p on GC and to investigate
its underlying mechanisms.

Materials and methods

Patients and tissue samples

Twenty-five GC tissue samples were obtained from 25 GC
patients (13 males, 12 females; 34-76 years old, mean age
55.9 years, SD 11.4 years) histologically diagnosed between
March 2014 and January 2016 at Zhongnan Hospital of
Wuhan University (Wuhan, China). None of the patients
received chemotherapy or radiotherapy. At the same time,
25 cases of normal tissues (13 males, 12 females, mean
age 52.6 years, SD 13.4 years, range 2773 years) were
purchased from Zhongnan Hospital of Wuhan University.
All subjects agreed to be included, and provided written
informed consent; the study was conducted in accordance
with the Declaration of Helsinki. The protocol was approved
by Zhongnan Hospital of Wuhan University.

Cell culture

GC cell lines SGC-7901, BGC-823, MGC-803, and nor-
mal gastric epithelial cell line GES-1 were purchased from
Shanghai Cell Bank, Chinese Academy of Sciences (Shanghai,
China). All cells were grown in Dulbecco’s Modified Eagle’s
Medium (DMEM) supplemented with 10% fetal bovine serum
(FBS) and 1% penicillin—streptomycin, and incubated at 37°C
in a humidified atmosphere containing 5% CO,.

Quantitative real-time polymerase chain
reaction (QRT-PCR)

Total RNAs of tissues or cell lines were extracted using
TRIzol reagent according to manufacturer’s protocol.
The cDNA was transcribed using a Prime Script™ RT
Master Mixture according to the manufacturer’s proto-
col (Takara Biotechnology, Daliang, China). qPCR was
performed on an ABI Prism PCR system and the expres-
sion of miR-21-5p was quantified via the SYBR Green
I fluorescent dye method (Takara Biotechnology). PCR

was initiated at 95°C for 2 min, followed by 36 cycles at
95°C for 20 s and 58°C for 25 s. The following forward
and reverse primers were used: 5-GGGGTAGCTTAT
CAGACTGATG-3, 5-TGTCGTGGAGCGGCAATTG-3’
(miR-21-5p); 5'-CGCTTCGGCACATATACTA-3’,
5’-CGCTTCACGAATTTGCGTGTCA-3" (U6). The rela-
tive level of miR-21-5p was calculated with the comparative
2724 method normalized by U6.

Immunohistochemistry (IHC)

Tissues were processed by routine dehydration, transpar-
ency, paraffin leaching, and paraffin embedding. Slices
were washed with phosphate buffer solution (PBS) twice
and added with 5% bovine serum albumin sealing liquid.
Antibody (rabbit anti-rabbit SMAD7) was added at 37°C
for 1 h, followed by washing with PBS twice. The labeled
antibody was added at 37°C for 30 min, followed by wash-
ing with PBS. The diaminobenzidine (DAB) dye was added
at room temperature, and the reaction time of 5 min was
controlled by observation under a microscope, followed by
washing with distilled water. Then the samples were stained
slightly with hematoxylin and eosin. Results were observed
by microscopy.

The target gene SMAD7 of miR-21-5p
predicted by Targetscan

Targets of miR-21-5p were searched on Targetscan (www.
targetscan.org/vert 71/), and the results were further con-
firmed by PicTar29 (pictar.mdc-berlin.de/) and MicroRNA.
org30 (www.microrna.org), suggesting SMAD?7 is a poten-
tial target of miR-21-5p. To further confirm that SMAD?7 is
directly targeted by miR-21-5p, we obtained more informa-
tion about the 3’'UTR of SMAD7 mRNAs on Targetscan.

MiR-21-5p transfection and luciferase

reporter assay

The sequence of SMAD7 was searched in the gene bank of
US National Center for Biotechnology Information (NCBI).
The 3’'UTR of SMAD7 was amplified and cloned into the
specific vector of SMAD7-UTR-plSo. Luciferase reporter
plasmids of WT-SMAD7 mRNA and MUT-SMAD7 mRNA
were constructed using the clones. The SGC-7901 cells were
cultured for 24 h, while SMAD7-UTR-plSo plasmid and
miR-21-5p inhibitors or Mu-SMAD7-UTR-pIS0O plasmid
and miR-21-5p inhibitors were co-transfected into cells using
Lipofectamine 2000 transfection reagent (Thermo Fisher
Scientific, Waltham, MA, USA) according to the manufac-
turer’s instructions. Relative luciferase activity of SMAD7
was detected with Dual-Luciferase Reporter Assay.
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Cell proliferation analysis

The proliferation of GES-1, SGC-7901, BGC-823, and
MGC-803 cells was detected by Cell Counting kit 8 in
96-well plates according to the manufacturer’s protocols.
About 3x10° cells were seeded into wells; transfected with
miR-21-5p mimics, inhibitors, and negative miRNA; and
grew for 24 h at 37°C. After medium was changed, transfec-
tion cells were treated for the next experiment.

Wound healing assay

SGC-7901 cells transfected with miR-21-5p mimics, inhibi-
tors, and negative miRNA were seeded in six-well plates
when the fusion reached above 90%. A wound was mim-
icked by making a scratch at the middle of the well using
a 100 uL of tip, and washed with PBS twice. Cells in the
six-well plates were cultured with DMEM without serum
for 24 h. The healing of the wound was observed under an
inverted microscope, and the migrating distance of the cell
monolayer to near the wounded area during this time period
was measured.

Transwell assay

SGC-7901 cells were re-suspended with DMEM without
serum at a concentration of 1x103/mL, and then the cells
(200 uL) were seeded onto the upper well of matrigel-
coated (Sigma Aldrich Co., St Louis, MO, USA) 8 um pore
transwell inserts (Sigma Aldrich Co.). The lower chamber
was added with DMEM containing 10% FBS. After 24 h
of incubation, cells in the chamber were removed with a
cotton swab. After fixed staining with 0.1% crystal violet,
random pictures were taken and cells were counted under
the microscope.

Apoptosis analysis by Hoechst 33258
staining

SGC-7901 cells transfected with miR-21-5p mimics,
inhibitors, and negative miRNA were grown for 24 h. The
cells were centrifuged at 1,000 rpm for 5 min and washed
with PBS. Then the cells were stained with Hoechst 33258
(50 pg/mL; Boster Biotechnology Company, Wuhan China)
and incubated at 37°C for 30 min in dark. After that, the
cells were washed, resuspended with PBS, observed under
a fluorescence microscope (x400; Nikon, Tokyo, Japan),
and analyzed on DP2-BSW. The apoptotic cells shrunk with
condensed chromatin.

Cytokine analysis
SGC-7901 cells in six-well plates were transfected with
miR-21-5p mimics, miR-21-5p inhibitors, and negative

miRNA for 24 h. The concentrations of interleukin (IL)-1f3
and tumor necrosis factor (TNF)-o in the supernatants
of transfected cells were analyzed by enzyme-linked
immunosorbent assay (ELISA; RD Systems, Minneapolis,
MN, USA) according to the manufacturer’s instruction.
Cytokine concentrations were calculated by standard
curves.

Immunoblotting

Cell lysates were determined by a bicinchoninic acid (BCA)
protein assay kit. The proteins were subjected to 10%
sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE). After that, the gels were transferred to poly-
vinylidene difluoride (PVDF) membranes, which were
incubated with rabbit polyclonal anti-SMAD?2 (dilution
1:800), anti-SMAD?3 (1:1,000), anti-SMAD7 (1:1,200), and
anti-GAPDH (1:600) antibodies (all BD, Franklin Lakes,
NJ, USA) overnight at 4°C. After washing with PBS three
times, the membranes were incubated with a secondary
polyclonal peroxidase labeled antibody for 2 h, and detected
using autoradiography films (Amersham HyperFilm ECL;
GE Healthcare, Fairfield, Connecticut, USA). Quantification
was performed on Quantity One.

Statistical analysis

All statistical analyses were conducted on SPSS 16.0 with
the significance level at P<<0.05. All experiments were
repeated three times and a representative experiment result
was shown with SD.

Results
Analysis of miR-21-5p in GC tissues or

cells

MiR-21-5p is abnormally expressed in digestive cancers.
Here the expression levels of miR-21-5p in GC tissues
(Figure 1A) and SGC-7901 cells (Figure 1B) were deter-
mined by qRT-PCR. Clearly, miR-21-5p expressions were
upregulated significantly in both GC cells and SGC-7901
cells compared with normal tissues or cells.

Analysis of target genes of miRNA-21-5p
by Targetscan

Since miRNAs play a gene silencing function by binding
target genes at post-transcriptional and transcriptional levels,
we predicted the target genes of miRNA-21-5p on Targetscan.
Interestingly, we found about 21 target genes by bioinformatic
analysis and were more interested in SMAD7 (Figure 2A).
We acquired the information about miRNA-21-5p binding
with the sites in the 3’UTR of SMAD?7 (Figure 2B).
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Figure | Upregulation of miR-21-5p expression in GC tissues and GC cell lines analyzed by qRT-PCR.

Notes: (A) miR-21-5p expression increased in GC tissues compared with normal individuals. (B) miR-21-5p over-expressed in SGC-7901 cells compared with GES-1 cells.
miR-21-5p expression was normalized to the U6 expression. All experiments were performed in triplicate and presented as mean * SD; *P<<0.05.

Abbreviations: GC, gastric cancer; qRT-PCR, quantitative real-time polymerase chain reaction; miRNA, micro RNA.

Analysis of SMAD7 expression in GC SMAD7 genes in GC tissues (Figure 3B) and SGC-7901
tissues or cells cells (Figure 3C) were determined by qRT-PCR. Experi-
The 3’'UTR of SMAD7 gene was a target site of miR-  ments indicated SMAD?7 genes or proteins were decreased
21-5p. SMAD7 proteins in GC tissues were detected by  in tissues and SGC-7901 cells compared to normal tissues
IHC (Figure 3A). Additionally, the expression levels of  or cells.

A Target | Representative Gene name Numberof | Link to Conserved sites Poorly conserved Representative | Cumulative| Total |Aggregate| Previous
gene transcript 3P-seq | sitesin sites weighted |contexts+|  P__ Targetscan
el AN i
supporting e | A1 me | A1 score

UTR+5

publication(s)

ZNF367 ENST00000375256.4  Zinc finger protein 367 325 SitesinUTR 2 2 0 0 1 0 1 0 0 hsa-mR-21- . 0.71 2005, 2007,
2009, 2011
KRIT1 ~ ENST00000394507.1  KRIT1, ankyrin repeat containing 574 SitesihnUTR 1 1 0 0 1 1 0 0 1 hsamR21-5p  -0.69 -0.66 074 2005, 2007,
2009, 2011
IL12A ENST00000466512.1  Interleukin 12A (natural iller cell stimulatory factor 1, cyctotixic 31 SitesinUTR 1 1 0 0 0 0 0 0 0 hsamR21-5p  -0.65 -0.65 074 2007, 2009,

lymphocyte maturation factor 1, p35) 2011

FASLG ~ ENST00000340030.3  Fas ligand (TNF superfamily, member 6) 5 StesinUTR 2 1 1 0 0 0 0 0 0 hsamR21-5p -064 -0.64 051 201

FGF18  ENST00000274625.5  Fibroblast growth factor 18 5 SitesihnUTR 1 1 0 0 0 0 0 0 0 hsamR21-5p  -0.64 -0.64 061 2011
CCL1  ENST00000225842.3  Chemokine (C-C motif) ligand 1 6 SitesinUTR 1 1 0 0 0 0 0 0 1 hsamR21-5p  -0.62 -0.64 074 2005, 2007,
2009, 2011
GPR64  ENST00000379873.2 G protein-coupled receptor 64 175 StesinUTR 2 2 0 0 0 0 0 0 0 hsamR21-5p -055 -0.55 0.46 2005, 2007,
2009, 2011
AIMIL  ENST00000527815.1  Absent in melanoma 1-like 183 SitesinUTR 1 1 0 0 0 0 0 0 0 hsamR21-5p  -055 -055 <0.1 2009, 2011
PLEKHA1 ENST00000538022.1  Pleckstrin homology domain containing family A (phosphoinositide ~ 1,172 SitesinUTR 1 1 0 0 1 0 1 0 0 hsamR215p  -052 -0.54 055 2005, 2007,
binding specific) member 1 2009, 2011

RSAD2  ENST00000382040.3  Radical S-adenosyl methionine domain cont 2 5 StesinUTR 1 1 0 0 2 0 1 0 0 hsamR21-5p  -052 -0.52 <0.1

SCML2  ENST00000251900.4  Sex comb on midleg-like 2 (Drosophila) 7 SitesinUTR 2 2 1 0 0 0 0 0 0 hsamR21-5p  -051 -0.51 0.81 2005, 2007,
2009, 2011
YOD1  ENST00000315927.4  YOD1 deubiquitinase 55 SitesinUTR 2 2 0 0 2 0 1 0 0 hsamR21-5p  -050 -0.75 0.94 2007, 2009,

2011
PELI1  ENST00000358912.4  Pellino E3 ubiquitin protein ligase 1 134 StesinUTR 1 1 0 0 0 0 0 0 0 hsamR21-5p  -050 -0.50 073 2005, 2007,
2009, 2011
TGFBI  ENST00000442011.2  Transforming growth factor, beta-induced, 68 kDa 6307 SitesinUTR 1 1 0 0 ©0 0O 0 0 0 hsamR215p  -049 -052 0.83 2005, 2007,
2009, 2011

ARMCX1 ENST00000372829.3  Armadillo repeat containing, X-linked 1 18 SitesihnUTR 1 1 0 0 0 0 0 0 0 hsamR21-5p  -049 -0.49 030 201
MATN2 ~ ENST00000254898.5  Meatrilin 2 371 SitesihnUTR 1 1 0 0 0 0 0 0 0 hsamR21-5p  -048 -048 079 2005, 2007,
2009, 2011

SKP2  ENST00000274255.6  S-phase kinase-associated protein 2, E3 ubiquitin protein ligase 340 SitesinUTR 2 2 0 0 0 0 0 0 0 hsamR21-5p  -047 -047 <0.1

NTF3  ENST00000423158.3  Neurotrophin 3 154 SitesinUTR 1 0 1 0 0 0 0 0 0 hsamR21-5p  -047 -047 050 2007, 2009,

2011
TIMP3  ENSTOC 6 TIMP idase inhibitor 3 7421  SitesihnUTR 2 2 0 0 0 0 0 0 0 hsamR21-5p  -046 -068 0.87 2005, 2007,
2009, 2011
BEST3  ENST00000488961.1  Bestrophin 3 5 SitesihnUTR 1 1 0 0 1 0 0 1 1 hsamR21-5p  -046 -0.49 054 2009, 2011
SMAD7 ~ ENST00000262158.2  SMAD family member 7 142 StesinUTR 1 1 0 0 0 0 0 0 1 hsamR21-5p  -046 -0.46 0.80 2005, 2007,
2009, 2011

B Human SMAD7 ENST00000262158.2 3'UTR length: 1,519
ENST00000262158.2
142

0.1k 0.2k 03k 04k 0.5k 06k 0.7k 08k 09k 1k 1.1k 12k 1.3k 1.4k 1.5k
Conserved sites for miRNA families broadly conserved among vertebrates
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(] ]

m ImiR-25-3p/32-5p/92-3p/363-3/367-3p

p/59
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miR-216a-5p]  miR-17-5p/20-5p/93-5p/1P6-5p/519-3p
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miR-33-5pmiR-181-5p
miR-96-5p/1271-5p
[ ]
miR-182-5p
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Figure 2 Target genes of miRNA-21-5p predicted by Targetscan.

Notes: (A) Twenty-one target genes of miRNA-21-5p and their scoring parameters. (B) Position of miRNA-21-5p combined to target gene SMAD7 and the length of 3’'UTR
of SMAD7.

Abbreviations: miRNA, micro RNA; UTR, 3’ untranslated region; PCT, preferentially conserved targeting.
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SMAD? as a target gene of miR-21-5p
Targetscan predicted that miR-21-5p bound the 3’'UTR of
SMAD?7 (Figure 4A). The relationship between miR-21-5p
and SMAD7 was validated by luciferase reporter assay.
Plasmids of SMAD7-UTR-pISo (WT) and Mu-SMAD?7-
UTR-pISO (MUT) were constructed and transfected into
SGC-7901 cells. Results showed the luciferase activity of
SMAD7-UTR-pISo (WT) was significantly enhanced by miR-
21-5p inhibitors, and significantly weakened by SGC-7901
cells transfected with miR-21-5p mimics (Figure 4B). The
miR-21-5p expression of SGC-7901 cells was downregulated
evidently after transfection with miR-21-5p inhibitors, but was
remarkably upregulated after transfection with miR-21-5p
mimics (Figure 4C). Meanwhile, the SMAD?7 expression of
SGC-7901 cells was significantly upregulated by transfection
with miR-21-5p inhibitors, but was obviously downregulated
by transfection with miR-21-5p mimics (Figure 4D). In all,
SMAD7 is targeted and regulated by miR-21-5p.

The knockdown of miR-21-5p inhibited
GC cell growth

It is well established that miR-21-5p expression promotes the
proliferation and invasiveness of breast cancer cells and pros-
tate cancer cells. Thus, we investigated if GC cell growth could
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Figure 3 SMAD7 decreased in GC tissues and GC cell lines.

be inhibited in response to miR-21-5p knockdown. The prolif-
eration levels of GES-1, SGC-7901, BGC-823, and MGC-803
cells (Figure 5A-D, respectively) transfected with miR-21-5p
inhibitors, miR-21-5p mimics, and negative miRNAs were
analyzed by CCK-8 assay, with GES-1 cells as the control.
As expected, miR-21-5p knockdown dramatically inhibited
the proliferation levels of SGC-7901, BGC-823, and MGC-
803 cells, while the over-expression of miR-21-5p induced an
increase of cell proliferation in these three GC cell lines.

MiR-21-5p knockdown decreased the

migration and invasion of SGC-7901 cells

With invasion and metastasis abilities, cancer cells can pass
through the basement membrane, migrate to distant tissues, and
invade other tissues. In this study, the effects of miR-21-5p on
cell migration and invasion were evaluated. The wound-healing
assay revealed miR-21-5p knockdown significantly decelerated
the scratch closure rate of SGC-7901 cells compared with the
control (Figure 6A), suggesting the mobility of SGC-7901 cells
was suppressed. Furthermore, the invasion assay demonstrated
that the down-expression of miR-21-5p significantly inhibited
the invasion capacity of SGC-7901 cells compared with the
control (Figure 6B). These results suggest miR-21-5p knock-
down could suppress the migration and invasion of GC cells.

Gastric cancer
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Notes: (A) SMAD7 proteins in GC tissues detected by immunohistochemistry. (B) SMAD7 genes in GC tissues measured by qRT-PCR. (C) SMAD7 mRNAs in GES-| and

SGC-7901 cells determined by qRT-PCR; *P<<0.05.

Abbreviations: GC, gastric cancer; qRT-PCR, quantitative real-time polymerase chain reaction; miRNA, micro RNA.

OncoTargets and Therapy 2018:1 |

submit your manuscript

4905

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Jiang et al Dove

A B 500
2 *
S 400 - WT
WT: SMAD? 5'... UGUUUAGACUUUAACAUAAGCUA..3' = o Mut
[] S © 300
hsa-miR-21-5p: 3'... AGUUGUAGUCAGACUAUUCGAU...5 @& o
| 82
MUT: SMAD7 5'...UGUUUAGACUUUCUCAGCAGCUA..3 3 ®
g
C D
c S 1 c 4 -
9 * o<« *
N o 44 n Z
[V ) 0oy 34
L e
2y 2
o T o
zE 2=
B 6 14 . B2 :
() O O
X ) €l
3 e D A e D
& & & 5 ¢ & & &
¢ & & & ¢ & & &
Q’Z‘;\\\\ ay ,\fOQ qu&\\\ Al ,\,Q
& &
<& &

Figure 4 SMAD?7 as one of target genes of miR-21-5p.

Notes: (A) miR-21-5p binding with the 3’'UTR of SMAD?7 predicted online from TargetScan. (B) SGC-7901 cells transfected with miR-21-5p inhibitors significantly promoted
the luciferase activity of WT-SMAD7 mRNA, revealed by luciferase reporter assay. (C) miR-21-5p expression in SGC-7901 cells transfected with miR-21-5p inhibitors
determined by RT-PCR. (D) SMAD?7 expression analyzed by RT-PCR was significantly promoted by miR-183 inhibitors. *P<<0.05 vs NC.

Abbreviations: miRNA, micro RNA; UTR, 3’ untranslated region; RT-PCR, real-time polymerase chain reaction; WT, wild type; NC, negative control; Mut, mutant.

Apoptosis analysis of GC cells silenced and negative miRNA for 24 h, followed by staining with
b)’ siRNA Hoechst 33258 for apoptosis analysis (Figure 7A). Results

To investigate the effect of miR-21-5p on GC cells, we trans-  suggest the knockdown of miR-21-5p significantly promoted
fected SGC-7901 cells with miR-21-5p mimics, inhibitors,  the apoptosis of SGC-7901 cells compared with the control,
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Figure 5 (Continued)
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Figure 5 The over-expression of miRNA-21-5p promotes GC cell proliferation in vitro determined by CCK-8 assay. The detections at different time points including 0,
12, 24, 48, and 72 h showed an increased level of miRNA-21-5p promoted the growth of (A) normal gastric epithelial cells, (B) SGC-7901 cells, (C) BGC-823 cells, and

(D) MGC-803 cells. Absorbance at 450 nm was presented as mean + SD.
Abbreviations: GC, gastric cancer; miRNA, micro RNA; CCK, cell counting kit.

but the over-expression of miR-21-5p inhibited the apoptosis
of SGC-7901 cells, indicating miR-21-5p promoted the
growth of SGC-7901 cells evaluated by the statistical data
of apoptosis (Figure 7B).

A Control Negative miRNA

48 h

Migration index

Figure 6 (Continued)

Knockdown of miR-21-5p downregulates
the expression of IL-13 and TNF-a

Since the transforming growth factor (TGF)-f31/Smads sig-
naling pathway is closely related to inflammation regulation,

miR-21-5p inhibitors miR-21-5p mimics
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Figure 6 Analysis of the migration and invasion of SGC-7901 cells regulated by miR-21-5p assessed with wound healing and transwell assays.
Notes: (A) The migration of SGC-7901 cells transfected with miR-21-5p mimics, miR-21-5p inhibitors, and negative miRNA determined by wound healing. (B) The invasion
abilities of SGC-7901 cells transfected with miR-21-5p mimics, miR-21-5p inhibitors, and negative miRNA detected by transwell assays. The photographs were taken at

200x magnification; *P<<0.05.
Abbreviation: miRNA, micro RNA.

the expression levels of inflammatory cytokines IL-1 and
TNF-a were determined to study the functions of SMAD7
regulated by miR-21-5p (Figure 8). As expected, the expres-
sions of IL-13 and TNF-o were significantly downregulated
in SGC-7901 cells transfected with miR-21-5p inhibitors,
but were significantly upregulated after transfection with
miR-21-5p mimics compared with the control. These results
suggest miR-21-5p may negatively regulate the expres-
sions of tumor-associated cytokines by targeting SMAD7
in SGC-7901 cells.

The over-expression of miR-21-5p

increases SMAD protein in GC cells

As miR-21-5p was enriched in GC tissues and cells, the
ability to modulate the SMAD protein expressions in SGC-
7901 cells regulated by siRNAs of miR-21-5p was assessed
by Western blot (Figure 9). Results show SMAD7 proteins
were increased significantly in SGC-7901 cells transfected
with miRNA-21-5p inhibitors, but the expression of SMAD7
was inhibited significantly by the over-expression of miRNA-
21-5p. Meanwhile, SMAD?2 proteins of SGC-7901 cells
decreased significantly on transfection with miR-21-5p inhib-
itors, but were increased obviously by the over-expression

of miRNA-21-5p, indicating miR-21-5p functions with an
opposite role in the expressions of SMAD proteins.

Discussion

Increasing evidence has shown that miRNAs play significant
functions in the carcinogenic process,'*'* and reports show
more than 50% of miRNAs are located in cancer-associated
genomic regions or in fragile sites.”’” MiRNA profiles are
significantly associated with essential tumor features and
patient survival. Investigation into the expression patterns
and biological functions of miRNAs in GC suggests miRNAs
are potential novel therapeutic strategies for GC in future.
MiR-21-5p as an important oncogenic miRNA was recently
reported to be highly upregulated in multiple tumors and
the regulatory mechanisms were well characterized.'>""”
MiR-21-5p could promote tumor growth and metastasis
by targeting several tumor suppressors, including PTEN,
PDCD4, Bcl2, and TIMP3 in breast cancer, suggesting that
miR-21-5p might be involved in regulating angiogenesis.'$2
Moreover, miR-21 plays important roles in the proliferation
and migration of GC cells. Here we found miRNA-21-5p
increased significantly in GC tissues and cell lines. Interest-
ingly, predictions on Targetscan identified 21 target genes of
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Figure 7 The apoptosis of SGC-7901 regulated by the over-expression of miR-21-5p analyzed by Hoechst 33258 staining and fluorescence microscope.
Notes: (A) SGC-7901 cells transfected with miR-21-5p mimics, miR-21-5p inhibitors, and negative miRNA. Nuclear morphological changes were observed by Hoechst 33258
staining and fluorescence microscope. Arrows indicate the condensed and fragmented nuclei. (B) Results of apoptosis SGC-7901 cells transfected with miR-21-5p mimics,

miR-21-5p inhibitors, and negative miRNA analyzed by SPSS 16.0 (*P<<0.05; **P<<0.01).

Abbreviation: miRNA, micro RNA.

miRNA-21-5p. Particularly, we were interested in SMAD7
gene and did thorough experiments in SGC-7901 cells.
SMAD7 is a member of the SMAD family, which
belongs to TGF-B superfamily of ligands and is involved
in cell signaling. The over-expression of miR-21 promotes
the TGF-PB pathway by silencing SMAD?7, which initiates
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Figure 8 Effects of miR-21-5p on the expressions of IL-13 and TNF-o. cytokines.
Notes: SGC-7901 cells were transfected with miR-21-5p mimics, miR-21-5p
inhibitors, or negative miRNA. The supernatants harvested were determined by
ELISA, and all data were analyzed on SPSS 16.0 (*P<<0.05).

Abbreviations: miRNA, micro RNA; ELISA, enzyme-linked immunosorbent assay.

epithelial-mesenchymal transformation and invasion.?!
Our results showed SMAD?7 levels decreased in GC tissues
and GC cell lines. Additionally, the knockdown of miRNA-
21-5p remarkably decreased the proliferative capacity
and obviously promoted the apoptosis of SGC-7901 cells.
MiR-21 acts as an important repressor of SMAD-dependent
TGF-B pathway by targeting PTEN and SMAD?7, while
the activation of miR-21 expression can be mediated by a
TGF-P activity.?>** SMAD7 could block TGF-f signaling
by preventing formation of Smad2/Smad4 complexes which
initiate the TGF-P signaling.”® In addition, the TGF-f1/
SMAD:s signaling pathway is reportedly involved in inflam-
mation regulation. In SMAD7 knockout mice with diabetic
and obstructive nephropathies, a severe renal inflammatory
reaction could be induced, in which IL-1, TNF-o., and MCP-1
levels increased significantly, suggesting SMAD?7 is able to
inhibit the inflammatory response.?*?’

In this study, miR-21-5p may negatively regulate the
expression of tumor-associated cytokines IL-1 and TNF-o
by targeting SMAD7 in SGC-7901 cells. Additionally, the
over-expression of miRNA-21-5p increased the SMAD7
protein expression and inhibited the SMAD2/SMAD3
expressions, suggesting SMAD?7 proteins were regulated
by miRNA-21-5p and SMAD2/SMAD?3 could be nega-
tively modulated by SMAD7. Overall, these results broaden
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Figure 9 The over-expression of miR-21 enhances GC cells via SMAD signaling pathway.
Notes: (A) Western blot for the expressions of SMAD2, SMAD3, SMAD7 in SGC-7901 cells transfected with miR-21-5p inhibitors and miR-21-5p mimics. GAPDH was used
as the loading control. (B) Statistical results of Western blot analyzed on SPSS 16.0 (*P<<0.05).

Abbreviations: GC, gastric cancer; miRNA; micro RNA.

our understanding about the mechanism of miR-21-5p
in mediating SMAD7, and provide novel prognostic and
predictive factors for GC treatment and the design of novel
miRNA-based anticancer therapeutic strategies. These results
also support proceeding to additional preclinical studies
concerning miR-21-5p inhibitors or mimics as therapeutic
strategies to suppress or promote the proliferation, apoptosis,
migration, and invasion in vivo.
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