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CMIP is oncogenic in human gastric cancer cells
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Abstract. Gastric cancer is one of the most common cancers
and the second leading cause of cancer-associated mortality
worldwide. Recurrence, metastasis and resistance to drug
treatment are the main barrier to survival of patients with
advanced stage gastric cancer. Further study of the molecular
mechanisms involved will improve the therapeutic options
for gastric cancer. In a previous study, c-Maf was discovered
as an oncogene transduced in the avian AS42 retrovirus,
and was found to be overexpressed in multiple myeloma and
angioimmunoblastic T-cell lymphoma. c-Maf inducing protein
(CMIP) is involved in the c-Maf signaling pathway, which was
reported to serve an important role in human minimal change
nephrotic syndrome and in human reading and language
related behavior. However, the relationship between CMIP and
human gastric cancer has not yet been reported. In the present
study, CMIP protein levels in gastric cancer tissues and cells
were measured using immunohistochemistry and western blot
analysis; the expression of CMIP protein was significantly
higher in gastric cancer tissues compared with normal gastric
tissues. Expression was positively associated with poorer
clinical parameters, relapse-free survival and overall survival.
Furthermore, using cell counting, Cell Counting Kit-8, colony
formation, wound healing and Transwell assays, together
with flow cytometry, CMIP depletion by RNA interference
was observed to reduce the capacity of gastric cancer cells to
proliferate and migrate in vitro. Furthermore, the upstream
and downstream genes of CMIP were analyzed by lucif-
erase reporter assay and reverse transcription quantitative
polymerase chain reaction, which indicated that CMIP was
a direct target of miR-101-3p. In addition, CMIP knockdown
was observed to result in the downregulation of MDM?2
and mitogen activated protein kinase (MAPK) expression
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at the mRNA level. In conclusion, CMIP demonstrated an
oncogenic role in human gastric cancer cells. Furthermore,
microRNA-101-3p, MDM2 and MAPK were involved in the
CMIP signaling pathway in gastric cancer. CMIP could be a
novel target for further investigation in the clinical therapeutic
management of gastric cancer.

Introduction

Gastric cancer is one of the most common cancers worldwide
and has the second highest mortality (1-3). In 2012 there were
951,600 new gastric cancer diagnoses and 723,100 deaths (4,5).
The mass screening for gastric cancer that has developed in
recent years has resulted in the diagnosis of several patients
with an early stage of gastric cancer, and these patients were
subsequently treated in a timely fashion, with surgery or drug
treatment (6). However, the majority of patients with gastric
cancer were diagnosed at an advanced stage, and their mean
survival period was <1 year (1,7). Recurrence, distant metas-
tasis and resistance to drug treatment are the main barrier
to survival of patients with advanced stage gastric cancer.
Therefore, further study of the molecular mechanisms of
gastric cancer may improve the therapeutic options for gastric
cancer.

c-Maf was discovered as an oncogene transduced in the
avian AS42 retrovirus, which was discovered to be overex-
pressed in multiple myeloma and angioimmunoblastic T-cell
lymphoma (8,9). c-Maf inducing protein (CMIP) is an adaptor
protein with two isoforms, which is involved in the c-Maf
signaling pathway. The two isoforms of CMIP were observed
to be expressed in the human brain (10,11). One of the isoforms
is a short protein that participates in several cell-signaling
pathways and was reported to be associated with minimal
change nephrotic syndrome (MCNS) (10-13). The second
isoform of CMIP is a longer protein, for which there is limited
functional information at present (10-13). In kidney-associated
diseases CMIP regulates the behavior of podocytes (14,15).
Newbury et al (11) and Scerri et al (16) demonstrated that
CMIP is associated with reading and language related traits.
Audard et al (13) determined that CMIP contributes to classical
Hodgkin lymphoma (13). However, the relationship between
CMIP and human gastric cancer has not yet been reported.

The present study demonstrated that the expression of
CMIP protein was significantly higher in gastric cancer tissues
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compared with normal gastric tissues. CMIP was positively
associated with tumor size, lymph node metastasis, histological
grade and clinical stage in gastric cancer. Patients exhibiting
CMIP expression had poorer post-operative relapse-free
survival (RFS) and post-operative overall survival (OS).
Furthermore, CMIP promoted proliferation and metastasis of
gastric cancer cells in vitro. Notably, the present study demon-
strated that miR-101-3p suppresses the expression of CMIP,
and CMIP increases the expression of MDM?2 and mitogen
activated protein kinase (MAPK). CMIP was demonstrated
to serve an oncogenic role in human gastric cancer cells, and
may be useful as a biomarker or for further investigation as a
therapeutic target in the clinical management of gastric cancer.

Materials and methods

Clinical samples. A total of 100 paraffin-embedded surgical
gastric cancer tissue specimens and 100 paraffin-embedded
surgical paired normal gastric tissue specimens (n=100 patients;
male, n=54; female, n=46; age, 60.03+8.77 years; Table I)
were collected at the First Affiliated Hospital of Anhui
Medical University (Hefei, China) between January 2009 and
December 2015. Patients who had undergone chemotherapy
or radiation therapy prior to surgery were excluded, as were
patients with rheumatic disease, acute infection, human immu-
nodeficiency virus or other types of cancer. The pathological
tumor stage was defined according to the sixth edition of the
tumor-node-metastasis classification as defined according
to the 2008 World Health Organization classification of
tumors (17). Primary study endpoints were post-operative
RFS and post-operative OS. RFS and OS were defined as the
time from the date of surgery to the date of mortality from
gastric cancer, or to the date of local recurrence or detection
of distant metastasis, respectively. All tissue diagnoses were
confirmed by permanent histology. The Institutional Review
Boards of the First Affiliated Hospital of Anhui Medical
University approved the protocol for the use of tissue samples
from patients and the follow-up study. Every patient signed a
written informed consent form.

Immunohistochemistry analysis. Immunohistochemistry
(IHC) analyses of CMIP protein expression was performed
using a Two-Step Histostaining kit (Fuzhou Maixin Biotech
Co., Ltd., Fuzhou, China) with a polyclonal primary antibody
against CMIP (1:100; cat. no. 12851-1-AP; Proteintech Group,
Inc., Chicago, USA). The sections (4 ym) were deparaffinized
in xylene and rehydrated in a graded series of ethanol solu-
tions. For antigen retrieval, slides were heated in a microwave
oven in 0.01 M sodium citrate buffer (pH 6.0) for 20 min.
The slides were allowed to cool in the same buffer and were
subsequently immersed in 3% hydrogen peroxide in methanol
for 10 min to block endogenous peroxidase activity. Following
3 washes for 2 min each with phosphate-buffered saline (PBS),
slides were incubated with primary antibody at 4°C overnight.
The slides were rinsed in PBS as aforementioned, incubated
at room temperature for 20 min with universal horseradish
peroxidase (HRP)-conjugated detection reagent MaxVision™
HRP-Polymer goat anti-mouse/rabbit ITHC kit (undiluted; cat.
no. KIT-5030; Fuzhou Maixin Biotech Co., Ltd.) and rinsed
again in PBS as aforementioned. Immunoreactive regions were
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visualized using 3,3'-diaminobenzidine tetrahydrochloride
(Fuzhou Maixin Biotech Co., Ltd.). All IHC slides were coun-
terstained with hematoxylin. Known positive samples were
used as positive controls. An isotype matched negative control
was performed using a Negative Control for Rabbit IgG at
room temperature for 20 min (undiluted; cat. no. RAB-0102;
Maixin Biotech Co., Ltd.).

The stained sections were visualized using a light Olympus
microscope (Olympus Corporation, Tokyo, Japan) and were
reviewed and scored for the expression of CMIP protein
independently by two experienced pathologists who had
no knowledge of the patients' identities and clinical status.
Staining intensity and percentage of tissue staining were
recorded: =10% tumor cells stained were considered positive
for CMIP expression; <10% tumor cells stained with any
intensity was considered as negative expression.

Cell culture. The mixed human gastric tubular adenocarci-
noma cell line MKN-28 was obtained from the American Type
Culture Collection (Rockville, MD). MKN-28 was cultured in
RPMI-1640 medium (Gibco; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) containing 10% fetal bovine serum (FBS;
Gibco; Thermo Fisher Scientific, Inc.) and incubated at 37°C
in a humidified atmosphere containing 5% CO, (18). MKN-28
cells have previously been reported to be cross-contaminated
with MKN-74 cells (19), however, this had no impact on the
outcome of the present study.

Small interfering (si)RNA and micro (mi)RNA transfection.
Anti-CMIP siRNA/control siRNA and miR-101-3p/nega-
tive control (NC) mimics were purchased from Shanghai
GenePharma Co., Ltd. (Shanghai, China). Transient transfec-
tions of siRNAs and miRNAs into 30-50% confluent cells
were performed in 6-well plates using Lipofectamine 2000
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the
manufacturer's instructions. The concentration of siRNAs
or miRNAs used was 75 pmol/transfection. Cells were
harvested 48 h post-transfection. The sequences were as
follows: siCMIP#1, 5'-CAAAGAAGCUCUCGCACAUTT-3';
siCMIP#2, 5'-CUCACCUCGAAAUUCCUGATT-3"; siNC,
5'-UUCUCCGAACGUGUCACGUTT-3"; miR-101-3p mimic,
5'-UACAGUACUGUGAUAACUGAA-3"' and NC mimics,
5'-UUCUCCGAACGUGUCACGUTT-3' (all Shanghai
GenePharma Co., Ltd.).

Cell proliferation assay. MKN-28 cells were plated in 6-well
plates and transfected with anti-CMIP siRNA or control
siRNA. Cell proliferation was assessed by cell counting assay
and Cell Counting Kit (CCK)-8 reagent. Cells were plated at a
density of 10,000/well and the counting assay was performed
on days 2, 3, 4 and 5. Briefly, cells were stained with 0.4%
trypan blue for 30 sec at room temperature and were counted
using a blood cell counting board (XB.K.25; Shanghai Qiujing
Biochemical Reagents and Instrument Co., Ltd., Shanghai,
China). The CCK-8 assay was performed according to the
manufacturer's instructions, and the absorbance was measured
at 570 nm.

Colony formation assay. A colony formation assay was
performed as described previously (20,21). Briefly, 60 mm
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dishes were coated with 0.5% agar (Sigma-Aldrich; Merck
KGaA, Darmstadt, Germany), and a layer of treated MKN-28
cells (transfected with siCMIP#1, siCMIP#2 or siNC, and
incubated at 37°C in a humidified atmosphere containing 5%
CO, for 48 h; 1x10° cells/dish) mixed with 0.3% soft agar was
added on top. The plates were incubated for up to 2 weeks, and
the assays were stopped when the colonies were clearly visible
by eye.

Flow cytometry analysis. Flow cytometry was performed
to examine cell apoptosis. MKN-28 cells transfected with
CMIP-siRNA or NC-siRNA were double-stained with
Annexin V-fluorescein isothiocyanate and propidium iodide,
and then analyzed by flow cytometry according to the manu-
facturer's instructions.

Wound healing assay. Cells (5x10°) were cultured in 6-well
plates (Sigma-Aldrich; Merck KGaA) inserum-free RPMI-1640
medium until 100% confluency was reached. The cell layers
were scratched with a sterile 10 ul tip (Sigma-Aldrich; Merck
KGaA), washed 3 times with PBS and then incubated in fresh
serum-free RPMI-1640 medium for 24 h. An inverted micro-
scope (Olympus Corporation) was used to examine and image
random fields.

Cell migration and invasion assays. Cell migration and inva-
sion assays were performed in 24-well Matrigel-coated 8-ym
pore Transwell chambers (Corning Incorporated, Corning,
NY, USA) according to the manufacturer's instructions. For
the invasion assay, the upper Transwell chambers were coated
with Matrigel (BD Biosciences, Franklin Lakes, NJ, USA).
The Transwell inserts were left uncoated for the migration
assay. The Transwell chambers were seeded with 2x10* cells
that had previously been transfected with siRNAs for 24 h, in
media containing 0.1% FBS. The lower chamber contained
media with 5% FBS. The chambers were collected 24 h later
and cells in the lower chamber (i.e., migratory or invasive
cells) were stained with Giemsa and imaged under an inverted
microscope. The number of cells on each membrane was
determined by counting the number of cells in ten high-power
(x400) fields and determining the mean number of cells per
field.

Target Scan analysis. To identify the potential miRNAs for
CMIP-targeting, TargetScan release 7.1 was used (Www.
targetscan.org/vert_71/) (18).

Luciferase reporter assay. To perform the luciferase
reporter assay, luciferase reporter plasmids (Promega
Corporation, Madison, WI, USA) containing the CMIP
wild type 3'untranslated region (UTR; CMIP-3'UTR-WT,;
seed region, AGUACUGU) or the CMIP mutated 3'UTR
(CMIP-3'UTR-MUT; seed region, AACACUAC) were
constructed.

Co-transfection of miR-101-3p mimic and luciferase
reporter plasmid (CMIP-3'UTR-WT or CMIP-3'UTR-MUT)
was performed in 1x10° MKN-28 cells in a 6-well plate using
Lipofectamine® 2000, according to the manufacturer's instruc-
tions. The cells were washed with PBS twice and lysed using
reporter lysis buffer (Promega Corporation). For the luciferase
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Table I. Correlation of CMIP expression with clinicopatho-
logical parameters from gastric cancer patients.

CMIP expression
Parameter n Positive, n (%) P-value
Age (years)
<60 53 39 (73.6) 0.708
>60 47 33 (70.2)
Sex
Male 54 35 (64.8) 0.083
Female 46 37 (80.4)
Tumor size (cm)
<5 67 43 (64.2) 0.013
>5 33 29 (87.9)
Lymph node metastasis
No 37 20 (54.1) 0.002
Yes 63 52 (82.5)
Grade
I 7 3(429) 0.010
I 62 41 (66.1)
111 31 28 (90.3)
Stage
I-11 54 34 (63.0) 0.029
I-1v 46 38 (82.6)

CMIP, c-Maf inducing protein.

assay, 20 pl cell extract and 100 pl luciferase assay reagent
were mixed at room temperature. The firefly luciferase activity
of this mixture was then quantified using a Dual-Luciferase
Reporter Assay System (Promega Corporation).

Reverse transcription-quantitative polymerase chain reac-
tion (RT-qPCR). The RNA isolation and RT-qPCR assay
were performed as described previously (20). Total RNA
from the tissues and cells was extracted using an RNeasy
Mini kit (Qiagen, Inc., Valencia, CA, USA) according to the
manufacturer's instructions. Total RNA was treated with
DNase I and purified using phenol-chloroform. RT-qPCR
ofmiR-101-3p was performed using a mirVana qRT-PCR
miRNA Detection kit (Invitrogen; Thermo Fisher Scientific,
Inc.). The RT temperature protocol was as follows: 42°C for
60 min and 70°C for 10 min. The qPCR thermocycling condi-
tions were as follows: 95°C for 10 min, followed by 40 cycles
of 95°C for 5 sec and 60°C for 30 sec, and then dissolution
curve analysis at 95°C for 15 sec, 60°C for 30 sec and 95°C for
15 sec. U6 was also detected as the endogenous control. The
primers used were as follows: miR-101-3p, forward 5'-ATG
CAAGUCAAUAGUGUCAUG-3' and reverse 5'-GTGCAG
GGTCCGAGGT-3'; U6, forward 5"TGGAACGATACAGAG
AAGATTAGCA-3' and reverse 5~ AACGCTTCACGAATT
TGCGT-3". The RT-qPCR for MDM2 and MAPK detection
was performed using RT-qPCR kits [RT kit, PrimeScript™
RT reagent kit; cat. no. DRRO37A; qPCR kit, SYBR PremixEx
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Figure 1. Expression of CMIP in gastric cancer tissues. (A) Immunohistochemistry analysis of CMIP in human gastric cancer tissues and normal gastric
tissues. Human testes tissue and gastric cancer tissues were also examined as the CMIP positive and isotype negative controls, respectively. Representative
images are presented (magnification, x200). (B) Association between CMIP protein expression and relapse-free survival and overall survival. CMIP, c-Maf

inducing protein.

Taq™ II (Perfect Real Time); cat. no. DRRO81A; both Takara
Biotechnology, Co., Ltd., Dalian, China]. The RT conditions
were as follows: 37°C for 15 min and 85°C for 5 sec. The qPCR
thermo cycling conditions were as follows: 95°C for 10 min,
followed by 40 cycles of 95°C for 5 sec and 60°C for 30 sec,
and then dissolution curve analysis at 95°C for 15 sec, 60°C
for 30 sec and 95°C for 15 sec. B-actin was also detected as
the endogenous control. The primers used were as follows:
MDM2, forward 5-ACCTCACAGATTCCAGCTTCG-3' and
reverse S"TTTCATAGTATAAGTGTCTTTTT-3'; MAPK,
forward 5'-CAATGGCGGTGTGGTGTTC-3' and reverse
5'-AGCTCCCTTATGATCTGGTTCC-3'; B-actin, forward
5'"TTCCTGGGCATGGAGTC-3' and reverse 5-CAGGTC
TTTGCGGATGTC-3". The results were quantified using the
2-44¢4 method (22). The mRNA levels of checkpoint kinase 2
(CHEK?2), RB transcriptional corepressor 1 (RBI1), B-cell
Ilymphoma 2 (Bcl-2)-associated X (BAX), Bcl-2-associated
agonist of cell death (BAD), caspase 8 and FADD-like apoptosis

regulator (CFLAR), Fos proto-oncogene, AP-1 transcription
factor subunit (FOS) and nuclear factor-kB1 (NF-kB1) were
also determined using the same method, however, their expres-
sion levels were not associated with CMIP (data not shown).
The primers used for these were as follows: CHEK?2, forward
5'-AGTGGTGGGGAATAAACGCC-3" and reverse 5-TCT
GGCTTTAAGTCACGGTGTA-3"; RBI, forward 5-GAACAT
CGAATCATGGAATCCCT-3' and reverse 5-AGAGGACAA
GCAGATTCAAGGTGAT-3"; BAX, forward 5-GGGTGG
TTGGGTGAGACTC-3' and reverse 5-AGACACGTAAGG
AAAACGCATTA-3"; BAD, forward 5'-CCCAGAGTTTGA
GCCGAGTG-3' and reverse 5'-CCCATCCCTTCGTCGTCC
T-3'; CFLAR, forward 5'-GTGGAGACCCACCTGCTCA-3'
and reverse 5-GGACACATCAGATTTATCCAAATCC-3'
FOS, forward 5-TGCCTCTCCTCAATGACCCTGA-3" and
reverse 5'-ATAGGTCCATGTCTGGCACGGA-3'; NF-kBI,
forward 5'-TGCCAACAGATGGCCCATAC-3' and reverse
5“TGTTCTTTTCACTAGAGGCACCA-3".
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Western blot analysis. Total protein was extracted from
MKN-28 cells using the Nuclear and Cytoplasmic Protein
Extraction kit (Beyotime Institute of Biotechnology, Haimen,
China). Proteins (25 ug) were resolved by 12% SDS-PAGE and
the proteins were subsequently electrotransferred to polyvinyl-
idene difluoride membranes (EMD Millipore, Billerica, MA,
USA). Membrane blocking was performed at room temperature
for 2 h with 5% (w/v) nonfat milk powder. Following blocking,
the membranes were incubated with polyclonal primary anti-
bodies against CMIP (cat. no. 12851-1-AP) and (-actin (cat.
no. 20536-1-AP; both diluted at 1:1,000; ProteinTech Group,
Inc., Chicago, IL, USA) overnight at 4°C. The membranes
were subsequently incubated with a secondary antibody [goat
anti-rabbit IgG (H+L) HRP-conjugated secondary antibody;
1:50,000; cat. no. 31460; Invitrogen; Thermo Fisher Scientific,
Inc.) for 2 h at room temperature. Protein bands were identi-
fied using an enhanced chemiluminescence system (EMD
Millipore) and the substrates, Femto (cat. no. 34095; Thermo
Fisher Scientific, Inc.) and Pico (cat. no. 34077; Thermo Fisher
Scientific, Inc.).

Statistical analysis. All statistical analyses were performed with
using SPSS for Windows (version 18.0; SPSS, Inc., Chicago, IL,
USA). All data were presented as the mean + standard error of
the mean of at least 3independent experiments. For RT-qPCR,
cell counting assay, CCK-8 assay, cell colony formation assay,
cell migration assay, cell invasion assay, wound healing assay,
luciferase reporter assay and flow cytometry analysis, a one-way
analysis of variance followed by Bonferroni or Tamhane post
hoc tests were used. Pearson's chi-square test was used to
analyze the results of the immunohistochemistry assay and
the clinicopathological parameters. P<0.05 was considered to
indicate a statistically significant difference. Variables associ-
ated with OS and RFS rates were tested using Kaplan-Meier
estimates and compared by log-rank test.

Results

Expression of CMIP in gastric cancer tissues and normal
gastric tissues. The positive CMIP protein expression signals
were predominantly located in the cytoplasm of the gastric
cancer cells (Fig. 1A). IHC analyses were performed on
100 gastric cancer tissue specimens and 100 normal gastric
tissue specimens. As presented in Table II, the positive rate of
CMIP protein expression was 72 (72%) in the gastric cancer
tissues, whereas 48 (48%) of the normal gastric tissues posi-
tively expressed CMIP (P<0.001).

The relationship between CMIP expression and clinico-
pathological parameters within gastric cancer patients. The
association of CMIP expression with gastric cancer prognosis
was evaluated. The clinicopathological characteristics and
CMIP expression of the gastric cancer patients involved in
the present study are presented in Table I. Positive expression
of CMIP was associated with tumor size (P=0.013), lymph
node metastasis (P=0.002), histological grade (P=0.010) and
clinical stage (P=0.029) in gastric cancer.

Correlation between CMIP expression and patient survival.
Kaplan-Meier estimates and log-rank tests were performed
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Table II. Expression of CMIP in gastric cancer and normal
tissues.

CMIP expression
Group n Negative, n (%) Positive, n (%)
Cancer 100 28 (28.0) 72 (72.0)*
Normal 100 52 (52.0) 48 (48.0)

*P<0.001. CMIP, c-Maf inducing protein.

to assess whether CMIP expression was associated with
post-operative RFS or OS of gastric cancer patients with
complete follow-up data. The results indicated that patients
with primary tumors expressing CMIP protein had a signifi-
cantly poorer RFS and OS compared with those without
CMIP protein expression (P=0.001 and P=0.002, respectively;
Fig. 1B).

Effects of CMIP inhibition on cell proliferation and apoptosis
of MKN-28 cells. To investigate the role of CMIP in MKN
tumorigenesis, CMIP knockdown was performed in MKN-28
cells by transfection with CMIP-siRNA. Following trans-
fection, CMIP-siRNA treated cells had significantly lower
CMIP protein levels compared with cells transfected with
control-siRNA (Fig. 2A), indicating that the CMIP knock-
down was successful. The impact of CMIP knockdown on
MKN-28 proliferation and growth were assessed using cell
counting, CCK-8 and colony formation assays, following treat-
ment with CMIP-siRNA (75 pmol). As presented in Fig. 2B-D,
cells transfected with CMIP-siRNA exhibited a marked
decrease in proliferation, viability and growth, compared with
control-siRNA treated cells. Furthermore, cell apoptosis was
examined using flow cytometry (Fig. 2E). Cells transfected
with CMIP-siRNA had greater levels of apoptosis compared
with control-siRNA treated cells (30.98% vs. 75.98%).

Effects of CMIP inhibition on the migration and invasion of
MKN-28 cells. To explore the role of CMIP in gastric cancer
cell migration and invasion, the effects of CMIP knockdown
on MKN-28 cells were assessed using Transwell and wound
healing assays. MKN-28 cells transfected with CMIP-siRNA
displayed reduced migration and invasion in Transwell and
wound healing assays (Fig. 3), compared with control-siRNA
treated cells.

CMIP is a direct target of miR-101-3p in MKN-28 cells.
To investigate the regulation of CMIP in gastric cancer,
TargetScan was used to search for potential CMIP-targeting
miRNAs. The TargetScan analysis indicated that CMIP may
be a target gene of miR-101-3p. The miR-101-3p-binding site
was found in the wild-type 3'-UTR of CMIP, and a lucif-
erase reporter plasmid was constructed containing the wild
type binding site (CMIP-3'UTR-WT). A reporter plasmid
containing a mutant 3'-UTR of CMIP (CMIP-3'UTR-MUT)
was also constructed (Fig. 4A). RT-qPCR was performed
to detect the miR-101-3p expression levels in gastric cancer
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Figure 2. Knockdown of CMIP reduces the proliferation and enhances the apoptosis of MKN-28 cells. (A) The efficiency of CMIP knockdown by CMIP-siRNA
was assessed by western blot analysis. Proliferation of MKN-28 cells transfected with CMIP-siRNA was measured using (B) cell counting (where Day
1=1x10* cells), (C) CCK-8 and (D) colony formation assays. (E) Apoptosis analysis of MKN-28 cells transfected with CMIP-siRNA was measured by flow
cytometry using double-staining with Annexin V-fluorescein isothiocyanate and PI. CMIP, c-Maf inducing protein; si, small interfering; PI, propidium iodide;
NC, negative control; OD, optical density. Data are presented as the mean = standard error of the mean of at least 3 independent experiments. "P<0.05 and

“P<0.01 vs. siNC.

tissues and normal gastric tissues. The results indicated that
miR-101-3p was significantly downregulated in gastric cancer
tissues (Fig. 4B). To verify whether CMIP was a direct target
of miR-101-3p, a dual luciferase reporter assay was performed.
MiR-101-3p suppressed the luciferase activity of the wild type

CMIP 3'-UTR upon co-transfection of the luciferase vector in
MKN-28 cells (Fig. 4C). This inhibition was reversed when
the seed sequences of the miR-101-3p target sequences were
mutated in the CMIP-3'UTR-MUTvector (Fig. 4C). To further
investigate the effects of miR-101-3p, MKN-28 cells were
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MKN-28 cells that had undergone treatment with siNC or two different siRNAs against CMIP. Cells that had migrated into the wound were counted after 24 h
(n=3). Representative images of the wounds are presented. Data are presented as the mean + standard error of the mean of at least 3 independent experiments.
"P<0.05 vs. siNC. CMIP, c-Maf inducing protein; si, small interfering; NC, negative control.

treated with the miR-101-3p mimic. The results indicated that
overexpression of miR-101-3p reduced the protein level of
CMIP (Fig. 4D).

CMIP regulates MDM?2 and MAPK expression in gastric
cancer cells. To obtain further insight into the role of CMIP
in MKN-28 cell invasion and metastasis, the expression of
several mRNAs (including cell cycle control and DNA damage
repair genes MDM?2, CHEK2 and RBI, apoptosis and cell
senescence genes BAX, BAD and CFLAP and signal trans-
duction molecules and transcription factors MAPK, FOS and
NFKBI) was assessed using RT-qPCR in siCMIP-transfected
MKN-28 cells, compared with si-NC transfected cells (data
not shown). Two downregulated genes (MDM?2 and MAPK)
were identified in siCMIP-transfected MKN-28 cells. The

results demonstrated that mRNA levels of MDM2 and MAPK
were downregulated following CMIP knockdown in gastric
cancer MKN-28 cells (Fig. 4E).

Discussion

The present study documented for the first time that CMIP may
serve an oncogenic role in human gastric cancer cells. In 200
samples of human gastric tissues (containing 100 cancer and
100 normal tissues), CMIP expression was significantly higher
in gastric cancer tissues compared with normal gastric tissues.
Patients with positive CMIP expression were associated with
a larger tumor size, lymph node metastasis, higher grade,
higher stage, and poorer RFS and OS. Using cell counting,
CCK-8 and colony formation assays, we determined that in
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Figure 4. CMIP is a direct target of miR-101-3p and CMIP regulates the expression of MDM2 and MAPK. (A) The TargetScan-predicted binding site between
miR-101-3p and the 3'-UTR of CMIP. The mutant 3'-UTR of CMIP is also presented. (B) miR-101-3p was down-regulated in gastric cancer tissues compared
with normal gastric tissues. "P<0.05 vs. Normal. (C) Luciferase assay of MKN-28 cells cotransfected with miR-101-3p mimic or NC, and a luciferase reporter
containing CMIP 3'-UTR wildtype or mutant constructs. "P<0.05 vs. NC. (D) MKN-28 cells were transfected with miR-101-3p mimics or NC. miR-101-3p
overexpression inhibited the protein expression of CMIP. $-actin served as a loading control. (E) Cells transfected with CMIP-siRNA demonstrated a signifi-
cant decrease in MDM2 and MAPK mRNA expression compared with cells transfected with siNC. All data were presented as the mean + standard error of the
mean of at least 3 independent experiments. "P<0.05 vs. siNC. CMIP, c-Maf inducing protein; MAPK, mitogen activated protein kinase; miR, microRNA; NC,
negative control; si, small interfering; 3'UTR, 3-untranslated region; 3'UTR-WT, wild type 3'UTR construct; 3'UTR-MUT, mutant 3'UTR construct; MAPK,

mitogen activated protein kinase.

MKN-28 gastric cancer cells, cell proliferation was mark-
edly decreased following knockdown of CMIP. Furthermore,
flow cytometry indicated that cell apoptosis was significantly
increased following CMIP knockdown. Cell migratory and
invasive abilities were also decreased following knockdown of
CMIP in MKN-28 cells, as determined by migration, invasion
and wound healing assays. The oncogene c-Maf was recently
demonstrated to be overexpressed in multiple myeloma and
angioimmunoblastic T-cell lymphoma (8,9). Overexpression
of c-Maf is a frequent oncogenic event in multiple myeloma
that promotes proliferation and pathological interactions
with the bone marrow stroma (23). CMIP is involved in
the c-Maf signaling pathway, which serves an important
role in MCNS and in human reading and language related
behavior (11-13,16). However, the relationship between CMIP

and human carcinoma has not been well studied. Therefore,
the present study examined the role of CMIP in human gastric
cancer.

Upstream of CMIP, a luciferase assay indicated that
CMIP may be a direct target of miR-101-3p in gastric cancer
MKN-28 cells. Furthermore, CMIP was significantly reduced
by overexpression with miR-101-3p. miRNAs are non-coding
RNAs consisting of 20-25 nucleotides, which were identified
to serve important roles in the initiation, development, growth,
proliferation and metastasis of human cancer, including
gastric cancer (24-26). miR-25, miR-214 and miR-132, were
demonstrated to promote tumor growth or metastasis of gastric
cancer (27-29), whereas miR-320a, miR-205 and miR-26b were
revealed to suppress tumor proliferation, migration or invasion
of gastric cancer (30-32). The present study demonstrated that



the expression of miR-101-3p was markedly lower in gastric
cancer tissues compared with normal gastric tissues, indicating
that miR-101-3p may serve a tumor suppressive role in gastric
cancer. miR-101-3p suppressed the expression of CMIP, and
miR-101-3p and CMIP exhibited opposing expression patterns.
These results supported the earlier observation that CMIP
expression was elevated in gastric cancer tissues. As previously
reported, miR-101-3p has demonstrated a tumor-suppressing
role in human breast cancer, salivary gland adenoid cystic
carcinoma and hepatocellular carcinoma (33-35), and these
results are consistent with the current findings.

When investigating the downstream pathway, CMIP knock-
down was revealed to downregulate the expression of MDM?2
and MAPK. MDM2 has previously been identified as an
oncogene in gastric cancer; MDM?2 promoted tumor initiation
and development by targeting and reducing tumor suppressor
genes, including p53 (36,37). Furthermore, it was reported that
MDM2 serves a promoting role in the migration and invasion of
gastric cancer (38), and inhibition of MDM2 expression could
induce the apoptosis of gastric cancer cells (39). MDM2 has
also demonstrated a tumor promoting ability in breast cancer
and non-small cell lung cancer (40,41). MAPK was reported to
serve as an oncogene in gastric cancer, where it promoted tumor
growth and metastasis (42,43). In breast cancer, colon cancer
and hepatocellular carcinoma, MAPK contributed to tumor
development, migration and invasion (44-46). These results
supported the results of the present study, and suggest that CMIP
may serve an oncogenic role in gastric cancer cells partly via
regulating the expression of MDM?2 and MAPK. Therefore, the
results imply that CMIP was regulated by miR-101-3p and itself
regulated MDM2 and MAPK; this signaling pathway appears
to be involved in promoting a cancer phenotype in vitro and may
promote the oncogenicity of gastric cancer.

The present study investigated the role of CMIP in the
human gastric cancer cell line MKN-28. This is the first
report on the role of CMIP in human gastric cancer. The cell
line selected for the present study was MKN-28, which was
previously reported to be cross-contaminated with MKN-74
cells (19). MKN-28 and MKN-74 cells have been reported
to contain different genetic and epigenetic alterations of p53,
p21, cluster of differentiation 44 and adenomatous polyposis
coli, and different expression levels of B-cell lymphoma 2,
epidermal growth factor (EGF), EGF receptor, transforming
growth factor-a, interleukin (IL)-1a, IL-8, vascular endo-
thelial growth factor, cyclin E and platelet derived growth
factor (19,47). These genes have no direct relation with CMIP,
the CMIP-related upstream miR-101-3p and downstream
proteins MDM?2 and MAPK. Therefore, use of the mixed
gastric tubular adenocarcinoma cell line MKN-28 had no
impact on the outcome of the study.

In conclusion, the present study demonstrated a
tumor-promoting function of CMIP in the MKN-28 cell line.
miR-101-3p targeted CMIP, and knockdown of CMIP down-
regulated MDM?2 and MAPK. It is possible that this signaling
pathway may contribute to the oncogenic role of CMIP in
gastric cancer. In patients with gastric cancer, expression of
CMIP was associated with poorer clinical parameters, RFS
and OS. These results suggest that CMIP may be a novel
therapeutic target for gastric cancer; however further studies
are required to investigate this.
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