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Introduction

Gastric cancer is a poorly understood, aggressive disease, and has a substantial impact
on health worldwide.! Although the incidence and mortality rate of gastric cancer have
been steadily declined in recent decades due to advances in medical therapies, it is
estimated that there are still more than 950,000 new cases of gastric cancer diagnosed
per year, with more than 720,000 deaths, making it the fourth most common type of
cancer globally and the third leading cause of cancer-related mortality, following lung
and liver cancer.’

The predominant risk factors influencing the onset and progression of gastric
cancer include dietary habits (such as consumption of salt and nitrite-containing
foods), smoking, obesity, Helicobacter pylori infection, pernicious anemia, and
chronic atrophic gastritis.** Generally, patients suffering from gastric cancer have

submit your manuscript

Dove n,ﬁu

http:

OncoTargets and Therapy 2017:10 3893-3905 3893
© 2017 Thou et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
BY NG

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you
hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/OTT.S139443
https://www.facebook.com/DoveMedicalPress/
https://www.linkedin.com/company/dove-medical-press
https://twitter.com/dovepress
https://www.youtube.com/user/dovepress
mailto:km201704@126.com

Zhou et al

Dove

no pathognomonic symptoms in the early stages of dis-
ease, where multimodal treatment strategies (eg, complete
surgical resection, chemotherapy, and radiotherapy) could
cure a proportion of patients and reduce the rate of systemic
metastasis."* Hence, disease is frequently detected at a very
advanced stage, resulting in poor clinical outcomes, unfea-
sibility of advanced treatments, and ultimately mortality.>¢
The identification of more specific and sensitive novel mark-
ers for gastric cancer is urgently required to enable establish-
ment of early screening/identification strategies. In-depth
investigation of the molecular basis, pathogenesis, and bio-
logical features of gastric cancer occurrence and development
is of utmost importance for improved selection of effective
new agents for targeted treatment. Currently, it is assumed
that the multistep process of gastric cancer pathogenesis may
originate from a sequential accumulation of various genetic
and epigenetic alterations in oncogenes and tumor-suppressor
genes, DNA methylation, microRNAs (miRNAs), and long
noncoding RNAs (IncRNAs).”#

miRNAs, a class of small, endogenous, single-stranded,
noncoding RNA molecules (18-22 nucleotides in length),
can regulate gene expression posttranscriptionally by
translational inhibition and messenger RNA (mRNA)
destabilization, based on sequence complementarity.’
least one-third of human mRNAs are regulated by miRNA
which have important roles in a wide variety of

ing cell proliferation, apop-
tosis, motilit ¥ invasion, moreover, changes in these
miRNAs are also ely associated with tumor type, tumor
stage, and patient s®vival.'>!® Therefore, miRNAs have
been investigated and developed as potential diagnostic
and prognostic biomarkers, or ideal therapeutic targets,
at different stages of gastric cancer development in recent
years.' For example, miR-21 acts as a key oncomir (onco-
genic miRNAs upregulated in cancer cells to enhance cell
proliferation, inhibit apoptosis, and induce cell invasion
and migration) in gastric cancer by targeting the tumor-

suppressor genes, phosphatase and tensin homolog (PTEN)

and programmed cell death 4 (PDCD4).">'¢ In contrast,
miR-148a is considered a tumor suppressor in gastric
cancer, which can suppress tumor cell invasion by down-
regulation of Rho-associated coiled-coil-containing protein
kinase 1 (ROCK1)."”

Collapsin response mediator proteins (CRMPs) were
originally identified in the nervous system and are involved in
neuronal development. There are five homologous cytosolic
CRMPs, CRMP1-5," and they are also implicated in cell
proliferation, apoptosis, differentiation, and invasion during

progression and metastasis of several ot tumors.'® For

example, CRMP1 promotes lung

ent of CRMP4 in gastric cancer,
latory miRNAs using software

-130a potentially regulates CRMP4.
ence supports a role for miR-130a as
uencing gastric cancer tumorigenesis.??*
the current study, we aimed to verify the inter-
tion between miR-130a and CRMP4 and determine the
recise roles of these molecules in gastric cancer. Our results
ggest novel strategies for the diagnosis and therapy of
gastric cancer.

Materials and methods

Cell lines and culture

The human gastric epithelial cell line, GES-1, and five
human gastric cancer cell lines, BGC823, GC9811, HGC-27,
MGC-803, and NCI-N87, purchased from American Type
Culture Collection (ATCC, Manassas, VA, USA), were
maintained in Dulbecco’s Modified Eagle’s Medium
(DMEM; Corning Incorporated, Corning, NY, USA) contain-
ing 10% fetal bovine serum (FBS; Thermo Fisher Scientific,
Waltham, MA, USA), 100 U/mL penicillin, and 100 pg/mL
streptomycin, and incubated at 37°C in a humidified 95% air
and 5% CO, atmosphere. Cells were subcultured using 0.25%
trypsin/EDTA solution (Thermo Fisher Scientific) every
2-3 days. The 293T cells, also obtained from ATCC, were
cultured in Roswell Park Memorial Institute (RPMI) 1640
medium (Corning Incorporated) supplemented with 10%
FBS and 1% (v/v) penicillin—streptomycin solution at 37°C
in a humidified incubator with 95% O, and 5% CO,.
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Plasmids and transfection

miR-130a mimics, miR-130a inhibitor, negative control (NC)
plasmid, NC inhibitor, CRMP4 overexpression plasmid, and
lentivirus-mediated short hairpin RNA (shRNA) for silencing
CRMP4 were designed and synthesized by Sangon Biotech
(Shanghai, China). Cells were seeded into six-well plates at
a density of 2x10° cells/well and, the following day when
the cells were approximately 80% confluent, transfected
with the indicated plasmids using FuGENE® HD Transfec-
tion Reagent (Promega Corporation, Fitchburg, WI, USA)
according to the manufacturer’s instructions. After transfec-
tion (48 h), cells were collected for the studies as described
in the following sections.

RNA extraction and quantitative reverse

transcription polymerase chain reaction
(qQRT-PCR)

Each of the abovementioned six strains of human gastric cells
(1x109) was harvested and total RNA isolated using Trizol
Reagent (Tiangen, Bejing, People’s Republic of China),
according to the manufacturer’s guidelines. The quality
and concentration of total RNA were determined using a
BioPhotometer, and the integrity of total RNA was assessed
by agarose—formaldehyde gel electrophoresis. Firs
complementary DNA (¢cDNA) was reverse transc
from total RNA using an Moloney Murine i

was calculated ®ing the 2724 method, and all reactions,

including no template controls, were performed in triplicate.

Western blot (VWB)

Cell lysates were prepared in 100-200 pL radioimmunopre-
cipitation assay lysis buffer (Beyotime, Nantong, People’s
Republic of China), supplemented with 1% protease and
phosphatase inhibitor cocktail (Beyotime), for 20 min on
ice and protein content quantified using a bicinchoninic acid

Table | Sequences of primers used for qRT-PCR assays

Gene or Primer sequences

miRNA

CRMP4 Forward primer: 5-CATTCACTCCACCTGATCTC-3’
Reverse primer: 5-CCCTCCTTCTTCTGCTCC-3’

18S rRNA Forward primer: 5-CCTGGATACCGCAGCTAGGA-3’
Reverse primer: 5-GCGGCGCAATACGAATGCCCC-3’

miR-130a RT primer: 5-GTCGTATCCAGTGCAGGGTCCGAGG
TGCACTGGATACGACATGCCCT-3"
Forward primer: 5-TTGCGATTCTGTTTTGTGCT-3’
Reverse primer: 5-GTGGGGTCCTCAGTGGG-3’

U6 snRNA  RT primer: 5-CTCAACTGGTGTCGTGGAGTCGGCA

ATTCAGTTGAGAAAAA ’

Reverse primer: 5’-4

Abbreviation: qRT-PCR, quantitgi
reaction.

gels by electrophoresis and

transferred to polyvinylidene difluo-
s. After blocking with 5% skimmed
te-buffered saline (PBS) with 0.1% Tween-20
temperature, PVDF membranes were incu-

or GAPDH (Boster, Wuhan, People’s Republic of China)
ary antibodies at dilutions of 1:1,000 and 1:500, respec-
tively. For immunodetection, membranes were incubated
with secondary antibodies (SouthernBiotech, Guangzhou,
People’s Republic of China) at dilutions of 1:4,000 (anti-
mouse) and 1:5,000 (anti-rabbit) for 1 h at room temperature.
Finally, blots were developed using an Immobilon Western
Chemilum HPR Substrate Kit (EMD Millipore, Billerica,
MA, USA) and exposed to X-ray film (Kodak, Tokyo, Japan).

Plasmid construction and luciferase

reporter assay

psiCHECK-2 vector was purchased from Sangon Biotech and
used to construct the recombinant vectors, WT-CRMP4-3'UTR,
which contained a putative CRMP4 3’ untranslated region
(UTR) target region for miR-130a, and Mutant-CRMP4-3'UTR
in which the target sequence was mutated. The 293 T cells were
plated in 24-well plates at a density of 1.0x10°%/well, cultured
to achieve approximately 80% confluence, and co-transfected
with WT-CRMP4-3’"UTR plasmid, Mutant-CRMP4-3'UTR
plasmid, psiCHECK-2 vector (ie, blank group), miR-130a
mimics, miR-130a inhibitor, NC plasmid, or NC inhibitor,
using Lipofectamine 2000 (Promega Corporation) according
to the manufacturer’s recommendations. After an additional
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48 h of incubation with these plasmids, luciferase and renilla
signals were assayed using the Dual-Luciferase® Reporter
Assay System (Promega Corporation). All experimental
transfection procedures were repeated at least three times.

Flow cytometry
Flow cytometry was used to determine apoptosis and cell
cycle regulation of BGC823 cells transfected with NC,
CRMP4 overexpression, miR-130a mimics, and CRMP4 +
miR-130a plasmids. For the apoptosis assay, 48 h post
transfection, cells were detached by trypsinization, collected
by centrifugation at 15,000 rpm for 5 min, and incubated
with 250 uL. Annexin V binding buffer and 10 puL freshly
prepared Annexin V—propidium iodide (PI) mixed reagent
(Beyotime) per sample, followed by thorough mixing in the
dark at 37°C for 15 min. Thereafter, samples were analyzed
within 30 min on a FACScan flow cytometer.

For cell cycle assays, cells were treated as described
earlier, then collected, fixed with chilled 70% ethanol,
and stored overnight at —20°C. The following day, after
washing twice with ice-cold PBS, cells were resuspended
in 400 uL staining solution containing 0.5 wg/mL RNase A
and 50 pg/mL PI for 30 min at 37°C in the dark and analyzed
using flow cytometry.

Cell proliferation assay
Cell proliferation was estimated using 3-(4,5-dj
2-yl)-2,5-diphenyltetrazolium bromide

protocols. The proliferation of
with the abovementioned plas

e (DNMSO) solution for 20 min.
m was then measured using a microplate
reader (Bio-Rad aratories Inc., Hercules, CA, USA), with
areference waveleng® of 630 nm. Each treatment group was
composed of three separate wells.

Colony formation assay

After 48 h, transfected BGCS823 cells were mixed with
0.3% soft agar in DMEM containing 10% FBS, plated in
six-well culture dishes at a density of 300 cells/well, and
coated with 0.6% solidified agar in DMEM containing
10% FBS, in triplicate. The culture medium was replaced
with fresh DMEM every 3 days and after 14 days cultured

at 37°C, the resulting colonies were fixed with methanol
at —20°C for 5 min, and then stained with 0.005% crystal
violet (Sigma-Aldrich Co., St Louis, MO, USA). The num-
ber of clearly visible colonies (diameter >50 wm) in three
random microscopic fields was counted, and the images
were captured under a microscope (Leica Microsystems,
Wetzlar, Germany) and analyzed using ImagelJ software.

In vitro cell invasion, cell migration, and

cell adhesion assay
Transfected BGC823 cells were grown

iolet in 20% ethanol for 15 min. Finally,
e randomly selected microscopic fields
croscope were photographed and counted.
assess cell migration, assays were conducted as
entioned earlier except that the transfected BGC823 cells
ere cultivated on top of uncoated (Matrigel-free) filters. In
dition, cell adhesion assays were carried out using matrigel-
precoated 96-well culture plates (BD Biosciences). Following
the indicated transfections, BGC823 cells were seeded in
matrigel-precoated 96-well culture plates and incubated for
1 hat 37°C. Then, non-adherent cells were removed using a
cotton swab, 50 LL of MTT solution (5 mg/mL) was added to
each well, and plates were maintained at 37°C in a humidified
incubator for an additional 4 h. Next, 200 uL. of DMSO was
added to each well, followed by the measurement of optical
density (OD) values at 570 nm on a microplate reader.

Nude mice tumor xenograft model

Five-week-old athymic BALB/c nude mice weighing 18-22 g
were obtained from the Experimental Animal Center of
Yan’an Hospital Affiliated to Kunming Medical University,
bred in a standard specific pathogen-free environment with
an alternating 12 h light/dark cycle at 25°C+2°C, and pro-
vided with free access to aseptic food and water. All the
animal care and experimental procedures were approved
by the Animal Care and Use Committee of Yan’an Hospital
Affiliated to Kunming Medical University and compliant
with the Yan’an Hospital Affiliated to Kunming Medical

submit your manuscript

3896

Dove

OncoTargets and Therapy 2017:10


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

Dove

microRNA-130a regulates CRMP4 in gastric cancer development

University Committee Guidelines on the Use of Live Animals
in Research, which is according to the National Institutes
of Health (NIH) Guide for the Care and Use of Laboratory
Animals (NIH Publications no 80-23), revised 2010.

To compare the tumorigenicity of BGC823 cells trans-
fected with NC plasmid, CRMP4-shRNA, miR-130a mimic,
and miR-130a mimic + CRMP4-shRNA, we injected these
cells subcutaneously into the dorsal flanks of nude mice ran-
domly divided into the three groups with five mice per group.
Tumor volume was measured 7 days after injection using
calipers and calculated by the modified ellipsoidal formula:
tumor volume (mm?) = (length [mm]) X (width [mm])?%/2.
All mice were sacrificed under anesthesia, and the dissected
tumors were weighed immediately, 23 days after transplan-
tation. Tumor samples from all groups were used for the
detection of miR-130a and CRMP4 expression levels by
gRT-PCR, WB, and immunohistochemical staining.

Immunohistochemical staining

Tumor tissue sections were deparaffinized in xylene, dehy-
drated with graded ethanol, blocked with 0.3% hydrogen per-
oxide in methanol for 15 min at room temperature, and boiled
in 0.01 M sodium citrate buffer (pH 6.0) in a microwave

statistically sign®Rant. Two-tailed Student’s #-tests and one-
way analysis of variance (ANOVA) were applied to assess
the statistical significance of differences between two, or

among more than two, groups, respectively.

Results
CRMP4 expression in six human gastric

cell lines
We compared the mRNA and protein levels of CRMP4
between the human gastric epithelial cell line, GES-1, and

five human gastric cancer cell lines, BGC823, GC9811,
HGC-27, MGC-803, and NCI-N87, by qRT-PCR and WB.
CRMP4 mRNA expression was significantly decreased
in human gastric cancer cell lines compared with GES-1
(Figure 1A). Furthermore, WB demonstrated that, com-
pared with GES-1 cells, CRMP4 protein expression was
much lower in human gastric cancer cell lines, particularly
BGC823, GCI9811, and HGC-27 (Figure 1B). In addition,
miR-130a expression in the five human gastric cancer cell
lines was higher than that in GES-1 cells (Figure 1C).
These data suggest that CRMP4
while that of miR-130a is eley,
cell lines.

ession is reduced,

) gastric cancer

s 3’UTR, dual luciferase reporter assays were
93T cells. As illustrated in Figure 2A, plas-
ning putative miR-130a-binding sites in CRMP4
orresponding mutant sites were generated. Next,
these constructs were co-transfected into 293T cells with
psiCHECK-2 empty vector, miR-130a mimics, miR-130a
inhibitor, NC plasmid, or NC inhibitor. The results indicated
that miR-130a dramatically reduced the luciferase activity
of the WT-CRMP4 construct, while the luciferase activity
of'the WT-CRMP4 construct was clearly increased following
transfection with miR-130a inhibitor, NC plasmid, and NC
inhibitor. There were no changes in luciferase activity from
the Mutant-CRMP4 construct following co-transfection with
these plasmids (Figure 2B). Moreover, CRMP4 mRNA and
protein expressions levels were significantly decreased in
BGC823 cells pre-transfected with miR-130a mimic, whereas
those in BGC823 cells pre-transfected with miR-130a inhibi-
tor were markedly increased (Figure 2C and D). These results
demonstrate that miR-130a can directly regulate CRMP4 by
targeting its 3'UTR.

miR-130a inhibited BGC823 apoptosis,
induced cell cycle arrest in G| phase,

and accelerated proliferation by targeting

CRMP4
To investigate the effects of miR-130a and CRMP4 on
BGC823 apoptosis, apoptotic cells were labeled and detected
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grCd alterations of the cell cycle in BGC823

cells subjected toQ@iferent treatments. Compared with those

in the NC and CRAM®4 + miR-130a groups, the CRMP4

overexpression group showed a decrease in the proportion

of cells in the G1 phase and an increase of those in the

S phase, whereas there was a substantial increase in BGC823

cells in the G1 phase following treatment with miR-130a
mimics (Figure 3B).

Finally, we assessed the effect of miR-130a and CRMP4

on cell proliferation using MTT assays (Figure 3C). Increased

GC9811

(o]

miR-130a

E3 GES-1
E3 BGC823
= GC9811
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Relative miRNA level
(/U6)
IS

man gastric cell lines, normalized to /8S rRNA expression (n=3). (B) Six human
) miR-130a expression was examined by qRT-PCR in six human gastric cell lines

¥n; WB, Western blot.

CRMP4 expression led to significant inhibition of cell pro-
liferation. Conversely, treatment with miR-130a remarkably
induced cell proliferation. No changes were observed in cell
proliferation in the NC and CRMP4 + miR-130a groups
(Figure 3A). Overall, these results indicate the involvement
of miR-130a in mediating apoptosis, G1 cell cycle arrest, and
proliferation, probably through targeting of CRMP4.

CRMP4 reversed the effect of miR-130a-
mediated promotion of gastric cancer
colony formation, cell invasion, cell
migration, and cell adhesion

To elucidate whether miR-130a can regulate BGC823 cell
growth through CRMP4, soft agar colony formation assays
were carried out. As shown in Figure 4A, cells transfected
with CRMP4 overexpression plasmid showed reduced
colony formation compared with those transfected with the
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A
WT CRMP4 5’...CUGAGCGUCCACUUCUGCACUC...3
miR-130a 3’...UACGGGAAAAUUGUAACGUGAC...5'

Mutant CRMP4  5’... CUGAGCGUCCACUUCATCGGTC...3'

()

CRMP4

Relative mRNA level
(/18S rRNA)

NC miR-130a

miR-130a
inhibitor

Figure 2 miR-130a targeted the 3'UTR of CRMP4.
Notes: (A) Schematic of the putative miR-130a binding sites in the CRMP4-3’UTR pre:
Sangon Biotech. (B) Dual-luciferase reporter assays were performed in 293T cells. *P
*P<<0.05 (D) CRMP4 protein level was determined by WB.

Abbreviations: NC, negative control; qRT-PCR, quantitative reverse traj
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formation assays.

Consistent with our observations in the colony formation
assays, we measured cell invasion and migration utilizing
Transwell assays in vitro and found that augmented CRMP4
expression greatly decreased the migratory and invasive
behaviors of BGC823 cells, whereas elevated miR-130a

expression reduced these characteristics in BGC823

cells transfected with CRMP4 overexpression plasmid
(Figure 4B and C).

To evaluate the cell adhesion capacity of BGC823 cells
after treatment with different plasmids, we performed MTT
assays by the detection of OD values at 570 nm (Figure 4D).
The results demonstrated that the adhesive ability of BGC823
cells transfected with miR-130 mimics was stronger than
those transfected with CRMP4 overexpression plasmid.
In addition, the OD values of the NC group were markedly
higher than those of the CRMP4 group. There was no signifi-
cant difference between NC and CRMP4 + miR-130a groups.
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Based on the reSults of the abovementioned studies, we
hypothesized that CRMP4 knockdown in BGC823 cells may
have antitumor effects in vivo. To address this hypothesis, we
established an in vivo pretreated xenograft nude mouse model.
First, to verify the transfection efficiency of miR-130a mimic
and/or CRMP4-shRNA in mice tissue samples from all groups,
the expression levels of miR-130a and CRMP4 were examined.
Our results revealed that miR-130a expression was clearly
upregulated in the miR-130a and miR-130a + CRMP4-shRNA

CRMP4 +
miR-130a

m NC

e CRMP4

= miR-130a

m CRMP4 +
miR-130a

m NC

=8 CRMP4

= miR-130a

m CRMP4 +
miR-130a

tatistical histograms are provided in the right panel. *P<<0.05 and **P<<0.01. (A) Colony
agnification 100x). (B) Cell invasiveness was evaluated using Transwell invasion assays. (C) BGC823 cell
or miR-130a. (D) Adhesion of BGC823 cells transfected with different plasmids in vitro.

groups (Figure 5A), while CRMP4 expression was notably
downregulated in the CRMP4-shRNA, miR-130a, and
miR-130a + CRMP4-shRNA groups at both the mRNA and
protein levels (Figure SB-D). Moreover, in these five groups
(Figure 6A) of nude mice, tumors formed on the 12th day
after subcutaneous injection and their growth was observed for
23 days. Compared to the BGC823 and NC groups, depletion of
CRMP4 resulted in clear retardation of tumor growth in vivo;
after 23 days, BGC823 cells transfected with CRMP4-shRNA,
miR-130a mimic, and miR-130a mimic + CRMP4-shRNA
produced smaller tumors, compared with BGC823 cells alone
and transfected with NC plasmid (Figure 6B).

Discussion
Gastric cancer remains one of the most common malignant
tumors worldwide and is a serious threat to human health.
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miRNAs have cN@eed as critical regulators of gene expres-

sion at the posttral@giptional level and are mediators of
cancer-related development, progression, metastasis, and
processes related to prognosis.?® Hence, the functions of
cancer-related miRNAs have been explored to better under-
stand carcinogenesis and identify cancer biomarkers. Previ-
ous studies have demonstrated that miR-130a is implicated as
an oncomir contributing to the pathogenesis of many human
cancers, including gastric cancer, hepatocellular carcinoma,
non-small cell lung cancer, colon cancer, pancreatic cancer,
and breast cancer.” In addition, CRMP4 can facilitate gastric

tumor growth and metastasis;>***! however, the biological
roles and molecular mechanisms underlying miR-130a and
CRMP4 involvement in the modulation of the malignant
behavior of gastric cancer cells are largely unknown. Inter-
estingly, we predicted an interaction between miR-130a and
CRMP4 using TargetScan, miRanda, and miRDB software,
through direct targeting of the 3’'UTR region of CRMP4.
Therefore, in the current study, we investigated the detailed
biological roles of miR-130a and CRMP4 in gastric cancer.
First, we examined the gene and protein expression levels of
CRMP4 in different gastric cancer cell lines and discovered
that they were significantly downregulated compared with
GES-1 cells, which is consistent with previous studies of
patient gastric cancer tissues.? This result indicates that low
CRMP4 expression levels may have an important function
in gastric cancer in vitro, as well as in vivo. Subsequently,
a dual-luciferase reporter assay using cells transfected with
WT- and Mutant-CRMP4 3’UTR recombinant plasmids
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BGC823

NC

CRMP4-shRNA

miR-130a

miR-130a +
CRMP4-shRNA

BGC823

NC

CRMP4 + shRNA

Abbreviatig

revealed th@there were remarkable inverse correlations

between miR- N and CRMP4 expression levels, suggest-
ing that CRMP4 is a direct target of miR-130a, and implying
that miR-130a and CRMP4 may constitute an intricate and
accurate regulatory circuit in the development and progres-
sion of gastric cancer.

In this study, to elucidate the biological functions of
miR-130a in gastric cancer through targeting of CRMP4,
experiments were performed to evaluate gastric cancer cell
apoptosis, cycle, proliferation, colony formation, migration,
invasion, and adhesion. Dysregulation of apoptosis and the

-o- BGC823
- NC
—4— CRMP4-shRNA
miR-130a
-- miR-130a + CRMP4-shRNA

Tumor volume (mm?3)

BGC823
Il NC
B CRMP4-shRNA
miR-130a
Bl miR-130a + CRMP4-shRNA

Tumor weight (g)

cell cycle are intimately associated with tumor growth.*
A series of studies have revealed that numerous miRNAs are
implicated in the regulation of apoptosis and the cell cycle by
targeting the apoptosis-related genes, Bcl-2 and Bax, and the
cell cycle-related genes, cyclinAl, cyclinB1, and cyclinD2,
during the process of gastric cancer pathogenesis.***¢ Our
data demonstrate that the overexpression of CRMP4 could
clearly promote apoptosis and induce cell cycle arrest in
BGCS823 cells in comparison with miR-130a treatment,
indicating that miR-130a may modulate the growth of
BGC823 tumor cells via targeting of CRMP4. In addition,
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cell proliferation and colony formation are major processes
implicated in malignant tumor progression.*>*’ Our results
demonstrate that miR-130a can markedly accelerate cell
proliferation and colony formation of BGC823 cells, which
in turn, stimulate the development of tumors. Conversely,
CRMP4 reversed the effects of miR-130a in promoting
cell proliferation and colony formation. Upregulation
of miR-130a in gastric cancer cells has previously been
reported to promote their proliferation.”® Overall, these
findings lead us to conclude that miR-130a can facilitate
tumor progression of BGC823 cells through the suppres-
sion of CRMP4.

The effects of miR-130a and CRMP4 on cell migration,
invasion, and adhesion, which are considered indicative of
tumor metastasis events,*® were also examined in our study.
BGC823 cells transfected with miR-130a mimics exhibited
greatly increased cell migration, invasion, and adhesion
ability; however, BGC823 cells transfected with CRMP4 lost
these characteristics. Nevertheless, miR-130a has previously
been reported as enhancing migration and invasion ability in
human cervical cancer SiHa cells,* and CRMP4 expression is
inversely correlated with lymph node metastasis in pancreatic
cancer.’® These observations provide further confirmation
that miR-130a can enhance metastatic qualities of BGC
tumor cells by attenuating CRMP4 expression.

We next established a tumor xenograft modg

with our results regar
miR-130aand C

reduced expression of CRMP4 in
gastric cancer cell lines and its direct targeting by miR-130a,
closely associated with gastric cancer growth, progres-
sion, and metastasis. These results may not only assist in
expansion of knowledge of the functions of miR-130a and
CRMP4 during gastric cancer pathogenesis but also provide
a potential new biomarker for the early detection of gastric
cancer and therapeutic target for the treatment of patients
with this disease.
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