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Direct targeting of MAPKSIP1 by miR-10a-5p is a
major mechanism for gastric cancer metastasis
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Abstract. MicroRNA (miRNA) are endogenous non-coding
RNAs that suppress gene expression at the transcriptional,
post-transcriptional or translational level by targeting the
3'-UTRs of specific mRNAs. miR-10a has been frequently
reported to be aberrantly overexpressed in human tumors.
In gastric cancer (GC), miR-10a has an important role in the
metastasis from primary GC to lymph nodes. However, the role
and relevant pathways of miR-10a in GC metastasis remain
largely unknown. The present study was performed using
41 GC and 20 normal gastric mucosa tissues. Reverse tran-
scription-quantitative polymerase chain reaction (RT-qPCR)
analysis demonstrated that MAPKSIP1 was significant down-
regulated in GC tissue. A statistically significant inverse
correlation was detected between miR-10a and MAPKSIP1
mRNA expression levels in GC specimens. Luciferase reporter
assay and qPCR results suggested that MAPKSIP1 was a direct
target of miR-10a in GC cells. Matrigel invasion assay and
wound-healing assay results showed that MAPKSIP1 overex-
pression rescued the increased migration ability of miR-10a
effectors in MKN45 cells. Furthermore, the underlying mech-
anism of miR-10a functions in GC was explored. The findings
indicated that miR-10a-5p directly targets MAPKS8IPI, as a
major mechanism for gastric cancer metastasis. The results of
the present study suggested that miR-10a may be a potential
target for the treatment of GC in the future.

Introduction

Gastric cancer (GC) ranks as the second leading cause
of cancer-associated mortality worldwide, accounting for
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~1,000,000 deaths worldwide per year and ~10% of newly
diagnosed cancer incidence (1). Common features of GC
include invasive progression and a high frequency of metas-
tasis to lymph nodes (2-4). The malignant potential of cancer
is manifested in the ability of tumor cells to form metastases
in distant organs (5). Various steps in the complex metastatic
process are associated with the mitogen-activated protein
kinase (MAPK) pathways, which are activated by mitogens
and have been found to be upregulated in human GC (6,7).
MAPKSIP1 is able to interact with dual leucine zipper-bearing
kinase/mixed-lineage kinases, MKK?7 and c-Jun N-terminal
kinases MAPKs, act as a negative regulator of MAPK
activity (8.,9).

Data from several studies have shown that various genetic
alterations induce tumorigenesis and the progression of
GC (10). MicroRNA (miRNA) are endogenous non-coding
RNAs that suppress gene expression at the transcriptional,
post-transcriptional or translational level by targeting the
3'-UTRs of specific mRNAs (11,12). Aberrant miRNA expres-
sion has frequently been reported in various tumors, including
lung cancer (13,14), breast cancer (15), colon cancer (16) and
leukemia (17), indicating that they have emerged as important
regulators of human malignancy.

miR-10a has been reported to be aberrantly overexpressed
in human tumors (18,19). For example, miR-10a is overex-
pressed in human pancreatic cancer and is associated with its
invasiveness, which occurs, in part, via the suppression of the
HOXAI gene (20). Retinoic acid receptor antagonists inhibit
miR-10a expression and block metastatic behavior of pancre-
atic cancer (21). Moreover, therapeutic silencing of miR-10b
has been shown to inhibit metastasis in a mouse mammary
tumor model (22). In GC, miR-10a has an important role in
metastasis from primary GC to the lymph nodes (23). However,
the role and relevant pathways of miR-10a in GC metastasis
remain unknown.

The present study was performed using 41 GC and
20 normal gastric mucosa tissues. Reverse transcription quan-
titative polymerase chain reaction (RT-qPCR) analysis was
used to assess the expression levels of MAPKSIP1 in GC tissue,
the results revealed significantly downregulated MAPKS8IP1
in GC tissue. Furthermore, a statistically significant inverse
correlation was observed between miR-10a and MAPKSIP1
mRNA expression levels in GC specimens. Luciferase reporter
assay and qPCR results suggested that MAPKS8IP1 was a direct
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Table I. Summary of the primers used in the reverse transcription-quantitative polymerase chain reaction.

Gene Forward primer (5'-3") Reverse primer (5'-3")
MAPKSIP1 ATCGCTTCGCCTCCCAATTT ATCTCCGAGAGGTCTTCATCC
[-catenin AAAGCGGCTGTTAGTCACTGG CGAGTCATTGCATACTGTCCAT
Snail TCGGAAGCCTAACTACAGCGA AGATGAGCATTGGCAGCGAG
Fibronectin CGGTGGCTGTCAGTCAAAG AAACCTCGGCTTCCTCCATAA
Vimentin GACGCCATCAACACCGAGTT CTTTGTCGTTGGTTAGCTGGT
PTEN TGGATTCGACTTAGACTTGACCT GGTGGGTTATGGTCTTCAAAAGG
Akt AGCGACGTGGCTATTGTGAAG GCCATCATTCTTGAGGAGGAAGT
N-cadherin AGCCAACCTTAACTGAGGAGT GGCAAGTTGATTGGAGGGATG
E-cadherin CGAGAGCTACACGTTCACGG GGGTGTCGAGGGAAAAATAGG
GAPDH GGAGCGAGATCCCTCCAAAAT GGCTGTTGTCATACTTCTCATGG

MAPK, mitogen-activated protein kinase; PTEN, phosphatase and tensin homolog.

target of miR-10a in GC cells. Matrigel invasion assay and
wound-healing assay findings showed that MAPKS8IP1 over-
expression rescued the increased migration ability of miR-10a
effectors in MKN45 cells. Finally, the underlying mechanism
of miR-10a functions in GC were explored.

Materials and methods

Ethics statement. For the use of these clinical materials
for research purposes, prior written informed consent was
obtained from all of the patients and ethical approval was
granted by the Ethics Committees of Gaozhou People's
Hospital (Gaozhou, China).

Cell culture and tissue collection. MKN45 and HNE-1 human
GC cell lines (Cancer Research Institute, Southern Medical
University, Guangzhou, China) were cultured in Dulbecco's
modified Eagle's medium (DMEM) supplemented with
10% fetal calf serum (both from Invitrogen; Thermo Fisher
Scientific, Inc., Waltham, MA, USA) at 37°C in a 5% CO,
incubator. In total, 41 GC specimens and 20 non-cancerous
control normal gastric mucosa tissues were obtained at the
time of diagnosis before any therapy was administered at
Gaozhou People's Hospital. In 41 cases, there were 33 males
and 8 females with ages ranging from 38 to 78 years (mean
age, 56.7 years). All specimens had a confirmed pathological
diagnosis and were staged according to the 2009 UICC-TNM
Classification of Malignant Tumors (24).

RNA extraction and RT-gPCR. Total RNA was extracted from
MKN45 cells with TRIzol reagent (Sigma-Aldrich; Merck
Millipore, Darmstadt, Germany). DNase (1 U/ug RNA) was
applied with thermal denaturation at 75°C for 5 min to remove
genomic DNA. RNA (3 ug) was reverse transcribed into
cDNA using a High-Capacity cDNA Reverse Transcription
kit (Applied Biosystems; Thermo Fisher Scientific, Inc.). The
RT mixture contained 2X RT Master Mix in a final volume
of 10 ul, including 2.0 x1 10X RT Buffer, 0.8 ul 25X dNTP
Mix (100 mM), 2.0 xl 10X RT Random Primers, 1.0 x1 Multi-
Scribe™ Reverse Transcriptase, 1.0 ul RNase inhibitor and

3.2 pul nuclease-free H,O. Total RNA was added to the 2X
RT Master Mix to create a 1X mix, and RT was performed
in a thermal cycler (25°C for 10 min, 37°C for 120 min, and
85°C for 5 min). RT-qPCR analysis of mRNAs of MAPKSIP1,
[-catenin, Snail, fibronectin, vimentin, phosphatase and tensin
homolog (PTEN), Akt, N-cadherin, E-cadherin and GAPDH
(internal standard) were performed on a StepOne™ Real-time
PCR system using Power SYBR® Green PCR Master mix
(both Applied Biosystems; Thermo Fisher Scientific, Inc.) in a
final volume of 20 ul, comprising 100 ng cDNA, 10 xl master
mix, 1 ul ROX and 0.4 pmol/ul of each primer. Thermal
cycling conditions included an initial denaturation for 1 min at
95°C, followed by 40 cycles consisting of an annealing step at
95°C for 5 sec and an extension step at 60°C for 20 sec. Each
sample was analyzed in triplicate. The primer sequences used
for PCR are shown in Table I. The relative expression levels
of the genes were calculated according to the 244%4 method.
Results were analyzed using Applied Biosystems 7500 system
software v1.4.0.

Wound-healing assay. Cell migration was assessed using
scratch-healing assays. Briefly, MKN45 cells stably trans-
fected with miR10a-5p and NC were cultured in 6-well plates
(5x10° per well). When the cells grew to 90% confluence, three
scratch wounds across each well were formed using a P-200
pipette tip. Fresh DMEM supplemented with reduced (5%)
fetal bovine serum (FBS) was added, and the wound-closing
procedure was observed for 24 h. Images were captured at 0,
12 and 24 h, respectively.

Invasion assay. For the invasion assay, 1x10° cells were seeded
in 100 ml DMEM on the top of polyethylene terephthalate
membranes coated with Matrigel (1.5 mg/ml; BD Biosciences
Inc., San Jose, CA, USA) within Transwell cell culture inserts
(24-well inserts; pore size, 8§ mm; Corning Life Sciences,
Corning, NY, USA). The bottom chamber was filled with
600 ml DMEM supplemented with 20% FBS. Cells were incu-
bated for 12 h at 37°C in an atmosphere containing 5% CO,.
Subsequently, the cells were fixed in 2.5% (v/v) glutaraldehyde
and stained with crystal violet. The invasive cells on the gel
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Figure 1. MAPKS8IP1 was downregulated in GC specimens and inversely correlated with miR-10a expression levels. (A) Mean expression levels of MAPKS8IP1
in GC specimens and normal gastric mucosa tissues. MAPK8IP1 was normalized to GAPDH. (B) A statistically significant inverse correlation was identified
between miR-10a and MAPKS8IP1 mRNA levels in GC specimens (Spearman's correlation analysis, r=-0.4959; P=0.0053). MAPK, mitogen-activated protein

kinase; GC, gastric cancer; PTEN, phosphatase and tensin homolog.

bottom were visualized under a microscope and quantified by
counting the number of cells in three randomly chosen fields
at 200-fold magnification.

Vector construction and lentivirus production. Lenti-
viral (GV209; HI-MCS-CMV-EGFP) particles carrying a
miR-10a-5p precursor and its franking control sequence were
constructed by GeneChem Co., Ltd., (Shanghai, China). Lenti-
viral vector for cDNA delivery of MAPKSIP1 was amplified
from human cDNA library and cloned into pPLVTHM-GFP
lentiviral vector (genome.ucsc.edu/). The packaged lentiviruses
were named LVmiR10a and LV-M APKSIPI, respectively. The
empty lentiviral vector LV-con was used as a control.

Statistical analysis. SPSS 20.0 software (IBM SPSS., Armonk
NY, USA) was used for statistical analysis. Data were presented
as the mean + standard error of the mean of at least three
independent experiments. Two-tailed Student's t-test was used
for comparisons of two independent groups. The relationship
between MAPKSIP1 and miR-10a expression was explored
using Spearman's correlation analysis. P<0.05 was considered
to indicate a statistically significant difference.

Results

MAPKSIPI was downregulated in GC specimens and
inversely correlated with miR-10a levels. mRNA levels of
MAPKBSIP1 in GC specimens and normal gastric mucosa
tissues were analyzed by qPCR. The results showed that the
mean expression levels of MAPKS8IP1 were significantly
higher in normal gastric mucosa tissues than in GC speci-
mens (Fig. 1A; P<0.05). Subsequently, MAPKS8IP1 was found
to correlate with miR-10a expression in the same GC speci-
mens. As shown in Fig. 1B, a significant inverse correlation
was observed (2-tailed Spearman's correlation, r=-0.4959;
P=0.0053).

MAPKSIPI is a direct target of miR-10a in GC cells. In GC,
miR-10a has an important role in metastasis from primary GC
to lymph nodes (23). However, the role and relevant pathways

of miR-10a in GC metastasis remain largely unknown. To
explore the mechanism of GC cells metastasis induced by
miR-10a, whether miR-10a was able to regulate MAPKSIP1
expression in GC cells was investigated. Firstly, a luciferase
reporter assay was performed to determine whether miR-10a
was able to directly target the 3' UTR of MAPKSIP1 in GC
cells. The target sequence of MAPKSIP1 3'-UTR [wild type
(wt) 3'-UTR] or the mutant sequence [mutant (mt) 3'-UTR]
was cloned into a luciferase reporter vector (Fig. 2A).
MKN45 cells were subsequently transfected with wt or mt
3'-UTR vector and miR-10a mimic. The results showed a
significant decrease of luciferase activity when compared
with miR control (Fig. 2B, lanes 2 and 3; P<0.01). Cotrans-
fection with anti-miR-10a and wt 3'-UTR vector in MKN45
cells led to a 2.2-fold increase in luciferase activity (Fig. 2B,
lanes 4 and 5; P<0.01). Moreover, the activity of mt 3'-UTR
vector was unaffected by a simultaneous transfection with
miR-10a (Fig. 2B, lanes 7 and 8).

Following this, MKN45 cells were transduced with
LV-miR10a at four different multiplicity of infections (MOlIs)
of 0, 10, 50, and 100 and the MAPKS8IP1 mRNA expres-
sion levels were examined. As shown in Fig. 2C, exogenic
expression of miR-10a led to a dose-dependent decrease
in MAPKS8IPI mRNA expression levels. At MOI 100, the
mRNA expression level of MAPKSIPI decreased by 60-70%.
Moreover, inhibition of endogenous miR-10a by anti-miR-10a
resulted in upregulated expression of MAPKSIP1 in MKN45
cells (Fig. 2D). These results suggested that MAPKS8IP1 was a
direct target of miR-10a in GC cells.

Targeting of MAPKS8IPI by miR-10a is a major mechanism for
gastric cancer metastasis. In 41 patients with GC, a positive
correlation between MAPKSIP1 expression and the degree of
spread to regional lymph nodes (N stage) of GC was observed
(Fig. 3A), suggesting the relevance of MAPKSIP1 to GC
metastasis. Subsequently, MKN45 cells were transduced with
LV-miR10a at four different MOIs (0, 10, 50, and 100) and
a Matrigel invasion assay was used to examine the invasion
ability. As shown in Fig. 3B, exogenic expression of miR-10a
led to increased invasion ability in MKN45 cells. Furthermore,
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Figure 2. MAPKSIPI was a direct target of miR-10a in GC cells. (A) Diagram of MAPKS8IP1 3'UTR containing reporter constructs. (B) Luciferase reporter
assays in MKN4S5 cells, with cotransfection of wt or mt 3'UTR and miRNA as indicated. (C) Expression mRNA level of MAPKSIP1 after LV-miR10a infection
at different MOIs in MKN45 cells. (D) Expression levels of miR-10a and MAPKSIP1 after MKN45 cells were transfected with anti-miR-10a for 48 h. "P<0.05;
“P<0.01. MAPK, mitogen-activated protein kinase; GC, gastric cancer; wt, wildtype; mt, mutant; MOI, multiplicity of infection.

MAPKBSIP1 overexpression rescued the increased invasion of
miR-10a effectors in MKN45 cells.

In a wound-healing assay, overexpression of miR-10a
markedly accelerated cell migration at the edges of the scratch
wound of MKN45 cells (Fig. 3C). Quantitative analyses at 24 h
indicated a significant increment in wound closure in miR-10a
overexpressing cells compared with control cells (Fig. 3D;
P<0.001). However, MAPKS8IP1 overexpression rescued the
increased migration ability of miR-10a effectors in MKN45
cells. These results suggested that targeting of MAPKSIP1 by
miR-10a may be a major mechanism for gastric cancer metas-
tasis.

Cell migration regulators contribute to the metastasis
effect induced by miR-10a. Cell-cell junction and PI3K/Akt
pathways are involved in the regulation of cell migration
progression and are frequently over activated in GC (25,26).
To elucidate whether these regulators were involved in the
metastasis effect of miR-10a, the mRNA levels of eight cell
migration regulators were anayzed in MKN45 cells by qPCR,
including B-catenin, Snail, fibronectin, Vimentin, PTEN,
Akt, N-cadherin and E-cadherin. The results demonstrated
that the levels of p-catenin, Snail, fibronectin, vimentin and
N-cadherin were increased by >2.5-fold, whereas the mRNA
levels of PTEN and E-cadherin were decreased after miR-10a
overexpression. By contrast, anti-miR-10a treatment produced
contrasting results (Fig. 4).

Discussion

As demonstrated in previous studies, miRNA are associated
with numerous cellular processes, including proliferation,
differentiation and apoptosis, and they have an important role
in the pathogenesis of cancer (27,28). For example, a previous
study by our group demonstrated that EBV-miRBART7-3p was
a viral oncomir that is highly overexpressed in NPC tissues,
which promotes NPC tumorigenesis (29). Gastric cancer
is caused by the interaction of environmental and genetic
factors (30). It has been reported that miR-10a is overexpressed
in human pancreatic cancer and involved in its invasiveness;
retinoic acid receptor antagonists inhibit miR-10a expression
and block metastatic behavior of pancreatic cancer (20,21).
In a mouse mammary tumor model, therapeutic silencing
of miR-10b inhibited metastasis (22). In GC, miR-10a has
an important role in metastasis from primary GC to lymph
nodes (23). However, the role and relevant pathways of miR-10a
in GC metastasis remain largely unknown.

MAPK signaling pathway activation correlates with
human cancer progression and metastasis (7). MAPKSIP1
acts as a negative regulator of MAPK activity (31). To explore
the mechanism of GC cells metastasis induced by miR-10a,
the present study investigated whether miR-10a was able to
regulate MAPKSIP1 expression in GC cells. The present
findings found that the mean expression level of MAPKSIP1
was significantly elevated in normal gastric mucosa tissues,
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Figure 3. Targeting of MAPKSIP1 by miR-10a-5p is a major mechanism for gastric cancer metastasis. (A) MAPK8IP1 mRNA expression levels normalized to
GAPDH were detected by quantitative polymerase chain reaction in GC samples with N stage disease. Data are presented as the mean + standard error of the
mean. (B) Cell invasion assay showed increased invasion from cells after LV-miR10a infection at different MOIs in MKN45 cells. MAPKS8IP1 overexpression
rescued the increased invasion activity of miR-10a effectors in MKN45 cells. (C) Wound-healing assay showed MKN45 cells stably expressing the miR10a at
0, 12 and 24 h after wounding. (D) Relative migration ability at 0, 12 and 24 h. MAPKSIP1 overexpression rescued the increased migration ability of miR-10a
effectors in MKN45 cells. “P<0.01; “"P<0.001. MAPK, mitogen-activated protein kinase; GC, gastric cancer; MOI, multiplicity of infection.
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Figure 4. Cell migration regulators contributed to the metastasis effect induced by miR-10a. Deregulated expression of eight cell migration regulators in
MKN45 cells after miR-10a mimic or inhibitor transfection. MAPK, mitogen-activated protein kinase; PTEN, phosphatase and tensin homolog.

as compared with GC specimens. Furthermore, it was deter-
mined that MAPKS8IPI correlated with miR-10a expression
levels in the same GC specimens. Inverse correlation was
observed between MAPKS8IP1 and miR-10a mRNA expres-
sion levels. These results suggested that miR-10a may regulate
MAPKBSIP1 expression in GC cells.

Luciferase reporter assay and qPCR results suggested
that MAPKSIP1 was a direct target of miR-10a in GC cells.
In 41 patients with GC, a positive correlation was observed
between MAPKSIP1 expression and the degree of spread to
regional lymph nodes (N stage) of GC, suggesting the rele-
vance of MAPKSIPI1 to GC metastasis. Exogenic expression of

miR-10a led to increased invasion ability of MKN45 cells. The
present results also showed that MAPKSIP1 overexpression
rescued the increased invasion ability of miR-10a effectors
in MKN45 cells. In a wound-healing assay, overexpression
of miR-10a markedly accelerated cell migration at the edges
of the scratch wound of MKN45 cells. However, MAPKSIP1
overexpression rescued the increased migration ability of
miR-10a effectors in MKN45 cells. Taken together, these
results suggested that targeting of MAPKSIP1 by miR-10a
may be a major mechanism for gastric cancer metastasis.

It is well known that a typical miRNA has ~100 target sites
and forms a regulatory network (32). PTEN loss and MAPK
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activation cooperate to promote epithelial-to-mesenchymal
transition and metastasis in prostate cancer stem cells (7).
Cell-cell junction and PI3K/Akt pathways are involved in the
regulation of cell migration progression, and are frequently
overactivated in GC (33-35). To elucidate whether these regu-
lators were associated with the metastasis effect of miR-10a,
the mRNA levels of eight cell migration regulators were
examined in MKN45 cells. The present results demonstrated
that the levels of B-catenin, Snail, fibronectin, vimentin and
N-cadherin were increased by >2.5-fold, whereas the mRNA
expression levels of PTEN and E-cadherin were decreased
after miR-10a overexpression. By contrast, anti-miR-10a treat-
ment produced contrasting results.

In conclusion, the present study indicated that miR-10a-5p
directly targets MAPKS8IP1, which is a negative regulator of
MAPK activity, and thus may be a major mechanism for gastric
cancer metastasis. These findings suggested that miR-10a may
be a potential target for the treatment of GC in the future.
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