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Overexpression of MYC binding protein promotes
invasion and migration in gastric cancer
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Abstract. Gastric cancer (GC) is the second leading cause
of cancer-associated mortality worldwide. Although the
mortality rate of patients with GC has improved, it remains
a significant health issue. The MYC proto-oncogene protein
serves key roles in cellular proliferation, differentiation,
transformation and apoptosis. Previous studies have identified
the abnormal expression of MYC-binding protein (MYCBP)
during tumorigenesis in multiple types of cancer. Furthermore,
evidence demonstrates that the abnormal expression of
MYCBP contributes to the invasion and migration of human
cancer types, including colon cancer and glioma; however,
its influence on GC remains unclear. In the present study, the
expression of MYCBP in GC cells and tissues was analyzed by
reverse transcription-quantitative polymerase chain reaction.
Additionally, GC cell lines were transfected with small inter-
fering RNAs against MYCBP or lymphoid enhancer-binding
factor 1 (LEF-1) and assessed by in vitro transwell migration
and invasion assays. The results indicated that the expres-
sion of MYCBP in GC cells and tissues was markedly
increased compared with a normal gastric epithelial cell line
and adjacent normal gastric mucosal tissues, respectively.
Furthermore, MYCBP downregulation notably inhibited the
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metastatic capacity of GC cells, and LEF-1 knockdown was
found to downregulate the expression of MYCBP. On the basis
of the findings of the present study, MYCBP may be a direct
target of the (3-catenin/LEF-1 pathway via binding LEF-1, and
could potentially be used as a biomarker for the diagnosis and
prognosis of GC.

Introduction

Gastric cancer (GC) is the most common gastrointestinal
malignant tumor, although its incidence rates vary across
different countries and regions. A high incidence of GC is
observed in individuals between 40 and 60 years of age (1).
Each year, ~900,000 new cases of GC are diagnosed, while
~700,000 patients succumb to GC globally (2), with half of
these mortalities occurring in Asia. The incidence rate in
males is approximately two-fold higher than that in females (3).
The pathogenesis of GC is unclear and lacks specific clinical
manifestations, and therefore the rate of early diagnosis is
low (4). Regional variations in GC incidence reflect differ-
ences in dietary patterns, food storage, and the availability of
fresh produce, as well as the prevalence of Helicobacter pylori
infection (5). Surgical resection remains the first-choice treat-
ment modality for GC (6). However, even with a combination
of surgical and chemotherapeutic treatments, the 5-year overall
survival rate for patients with advanced-stage GC is <20% (2).

The MYC proto-oncogene protein (hereafter MYC) serves
key roles in the proliferation (7), cell cycle (8), differentiation
and apoptosis of cells (9,10). However, abnormal expression
of MYC has been implicated in almost all human tumors (11).
Activation of the MYC gene is frequently associated with the
progression of tumors, poor patient prognosis and malignant
properties, including increased mobility, and invasive and
metastatic capacities (12). The expression and functional
regulation of the MYC gene involves a variety of mechanisms,
one of which is based on the MYC-binding protein (MYCBP)
signaling pathway (13). The MYCBP gene encodes a protein of
~11 kDa which, through its C-terminal structure, can bind the
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MYC N-terminal region, thereby activating MYC to promote
tumorigenesis (14). MYCBP has been identified as a target
of B-catenin/T cell factor (TCF)/lymphoid enhancer-binding
factor (LEF) transcriptional regulation in colon carcinoma (15).

Recently, researchers have demonstrated that 30-50%
of GC cases are associated with the abnormal activation of
the Wnt/pB-catenin signaling pathways (16,17). The TCF/LEF
axis serves a crucial role in the Wnt/B-catenin signaling
pathway (18). A previous study observed that the transcrip-
tion of a series of target genes within the Wnt/f3-catenin
signaling pathway was activated following the formation of a
TCF/LEF/pB-catenin complex in the nucleus, which regulated
cellular biological activities and promoted the migratory
and invasive abilities of tumor cells (19). Recent studies have
also indicated that MYCBP is associated with tumorigen-
esis in a variety of tumor types, including colon cancer and
glioma (20,21). However, the potential role of MYCBP in
promoting the growth of GC has, to the best of our knowledge,
not been reported. In the present study, the role of MYCBP as
a potential biomarker for the diagnosis and prognosis of GC
was evaluated.

Materials and methods

Cell culture. The human GC SGC-7901, MKN-45, AGS and
BGC-823 cell lines, and the human gastric mucosal epithelial
GES-1 cell line were provided by the Cell Bank of the Shanghai
Institute of Cell Biology (Shanghai, China). All cells were
cultured in RPMI 1640 medium (Hyclone; GE Healthcare Life
Sciences, Logan, UT, USA) containing 10% fetal bovine serum
(FBS; Hyclone; GE Healthcare Life Sciences, Logan, UT,
USA) and antibiotics (100 U/ml streptomycin and 100 U/ml
penicillin; Hyclone; GE Healthcare Life Sciences, Logan,
UT, USA), and maintained at 37°C under 5% CO, and 100%
humidity atmosphere. Cells were passaged at 80% confluency
using 0.02% EDTA/0.25% trypsin for 3-5 min.

Clinical samples. A total of 77 fresh specimens from patients
via GC resection (aged 42-78 years, median age of 64 years,
45 male and 32 female patients) were acquired from Zhejiang
Provincial People's Hospital (Hangzhou, China) between
January and December 2015, and stored at -80°C. Paired adja-
cent non-cancerous tissues were also obtained from patients.
None of the patients had received radiotherapy or chemotherapy
prior to surgery. The diagnosis of all gastric cancer patients
depended on the results of pathological sections. All samples
were verified by three pathologists at the Department of
Pathology, Zhejiang Provincial People's Hospital. Tumor grade
was determined according to various classifications of tumors
[Tumor-Node-Metastasis (22)]. Written informed consent was
obtained from all patients prior to participation and the study
was approved by the Ethics Committee of Zhejiang Provincial
People's Hospital. All procedures performed involving
human participants were conducted in accordance with the
ethical standards of the institutional and/or national research
committee, and with The 1964 Helsinki Declaration and its
later amendments.

Reverse transcription-quantitative polymerase chain reac-
tion (RT-gPCR). Total RNA was extracted from the cell lines
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and fresh specimens using TRIzol reagent (Thermo Fisher
Scientific, Inc., Waltham, MA, USA), according to the manu-
facturer's protocol. cDNA was prepared using a Superscript 111
cDNA Synthesis kit (Takara Bio, Inc.,Otsu, Japan) following the
manufacturer's protocol. qPCR was performed using FastStart
Essential DNA Green Master mix (Roche Diagnostics, Basel,
Switzerland) with miRNA-specific primers. GAPDH was
used as the endogenous control. The specific primers used
were as follows: GAPDH forward, 5"TGAAGGTCGGAG
TCAACGG-3' and reverse, 5'-CTGGAAGATGGTGATGGG
ATT-3"; MYCBP were forward, 5“TGGCACCTGTTGGAG
ACTATG-3' and reverse, 5-CACCAGCCATAGCCACA
TTC-3". PCR thermocycling conditions were as follows: 95°C
for 10 min, followed by 40 cycles of 95°C for 10 sec, 58°C
for 10 sec and 72°C for 10 sec. At the end of the PCR cycles,
melting curve analysis was performed. MYCBP expression
levels in tumor tissues and cell lines were compared with those
in the matched normal tissues and normal gastric cells, respec-
tively, and relative expression levels were calculated using the
248C method (23).

MYCBP small interfering RNA (siRNA) and LEF-1 siRNA
transfection. MKN-45 cells exhibited a relatively high level
of MYCBP expression compared with the normal gastric cell
line GES-1 and the other GC cell lines, and thus were used
in the transfection assays. The MKN-45 cells were cultured
in 6-well plates (plated at 5.0x10° cells/well) for 24 h prior
to transfection. Subsequently, MYCBP siRNA (20 ymol/l;
Guangzhou RiboBio Co., Ltd., Guangzhou, China) and LEF-1
siRNA (20 gmol/l; Guangzhou RiboBio Co., Ltd.) were indi-
vidually transfected into the MKN-45 cells. Negative control
siRNA (Guangzhou RiboBio Co., Ltd.) was used to establish
a negative control group in parallel. The specific sequences
used were as follows: MYCBP siRNA forward, 5-AAUCCA
AAGCACUGUUAGGUU-3' and reverse, 5-CCUAACAGU
GCUUUGGAUUUU-3"; LEF-1 siRNA forward, 5'-ACU
UGAUGUCAGCUAAAUCGC-3' and reverse, 5-GAUUUA
GCUGACAUCAAGUCU-3"; NC siRNA forward, 5'-UUC
UCCGAACGUGUCACGUTT-3' and reverse, 5'-ACGUGA
CACGUUCGGAGAATT-3". The two negative controls have
the same siRNA sequence. Transfections were performed
with Lipofectamine® 3000 (Thermo Fisher Scientific, Inc.)
according to the manufacturer's protocol.

Transwell assay. At 24 h after transfection, GC cells were
used in migration and invasion assays. Transwell migration
assays were performed using a Costar Transwell assay kit
(Corning Incorporated, Corning, NY, USA), whereas invasion
assays were performed using invasion chambers (Corning
Incorporated) pre-coated with Matrigel. Cells (1.5x10° per well
for invasion assays and 8.0x10* per well for migration assays)
were seeded in the upper chamber with FBS-free RPMI-1640
medium, and RPMI-1640 medium containing 30% FBS was
added to the lower chamber. After 24 or 48 h of incuba-
tion at 37°C in an atmosphere of 5% CO,, non-migrated or
non-invaded cells were removed from the upper surfaces of the
transwell membranes with a cotton swab, and the migrated or
invaded cells on the lower membrane surfaces were fixed by
95% ethyl alcohol for 10 min at room temperature and stained
with hematoxylin and eosin for 15 min at room temperature
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Figure 1. Expression of MYCBP in GC tissues and cells. (A) For the majority of cases, the mean expression level of MYCBP in the GC tissue samples was
higher than that in the pair-matched adjacent normal tissues, as measured by RT-qPCR. (B) MYCBP expression levels were also detected in GC cell lines
by RT-qPCR. The relative levels of MYCBP expression in the GC cell lines were markedly higher than that in normal gastric GES-1 cells. (C) Relative
MYCBP expression in GC and adjacent normal tissues from each patient. “P<0.05 (vs. BGC-823 or SGC-7901 or AGS), "P<0.01. GC, gastric cancer; MYCBP,
MYC-binding protein; RT-qPCR, reverse transcription-polymerase chain reaction.

prior to imaging and counting under high-power magnification
(x200; Olympus IX71 live cell imaging fluorescence micro-
scope; Olympus, Tokyo, Japan).

Cell cycle and apoptosis assay. At 24 h following transfec-
tion with MYCBP siRNA, LEF-1 siRNA or control siRNA,
MKN45 cells were washed with PBS and fixed with 70%
ethanol for >12 h at 4°C. Following centrifugation (100 x g) at
room temperature for 3 min, cells were incubated with 500 pl
propidium iodide (PI; Beyotime Institute of Biotechnology,
Haimen, China) staining solution for 30 min in the dark.
The cell cycle distribution was analyzed by flow cytometry
(FACSCalibur flow cytometer with CellQuest software
(version. 5.1; BD Biosciences, Franklin Lakes, NJ, USA).
Additionally, an Annexin V/PI Apoptosis Detection kit
(Beyotime Institute of Biotechnology) was used to assess cell
apoptosis. Briefly, Annexin V and PI were used to label early
and late apoptotic cells, respectively and, following staining
for 15 min at room temperature, the cells were analyzed with the
FACSCalibur flow cytometer and CellQuest software to detect
apoptotic cells.

Western blot analysis. According to the results of the predic-
tion of the genes interaction on the Genecards, MYCBP
may be a downstream gene of LEF-1 (http://www.genecards.
org/). This prediction was investigated by western blot-
ting. In brief, MKN-45 GC cells transfected with LEF-1,
MYCBP or control siRNA (Guangzhou RiboBio, Co., Ltd.,
Guangzhou, China) were harvested, washed and lysed
with Radioimmunoprecipitation Assay buffer (Beyotime
Institute of Biotechnology). Total protein concentration was
measured using a bicinchoninic acid protein assay kit (Thermo
Fisher Scientific, Inc.). Equivalent quantities (30-50 ug per

lane) of protein were separated by 12% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis and transferred
to polyvinylidene fluoride microporous membranes (EMD
Millipore, Billerica, MA, USA). Membranes were blocked
with 5% non-fat milk in Tris-buffered saline for 2 h at room
temperature, and then incubated overnight at 4°C with primary
antibodies against LEF-1 (1:1,000; cat. no. 14972-1-AP;
ProteinTech Group, Inc., Chicago, IL, USA), MYCBP (1:1,000;
cat. no. 12022-1-AP; ProteinTech Group, Inc.), MYC (1:1,000;
cat. no. 10828-1-AP; ProteinTech Group, Inc.) and GAPDH
(1:1,000; cat. no. 10828-1-AP; ProteinTech Group, Inc.) at
the dilutions specified by the manufacturer. The membranes
were washed three times with TBS with Tween-20 (1:1,000)
and incubated with corresponding horseradish peroxidase
(HRP)-conjugated secondary antibodies (cat. no. HA1001;
HuaBio, Hangzhou, China) at 1:1,000 dilution for 1 h. Bound
secondary antibodies were detected using an enhanced
chemiluminescence system (Wuhan Sanying Biotechnology,
Wuhan, China).

Statistical analysis. Statistical analysis was performed using
SPSS version 22.0 (IBM Corp., Armonk, NY, USA). P<0.05
was considered to indicate a statistically significant difference.
The MYCBP levels determined by qPCR were expressed as
the mean + standard deviation. The means of normally distrib-
uted results were compared by either paired Student t-tests or
one-way analysis of variance, as appropriate.

Results
MYCBP expression in GC tissues. The expression of MYCBP

in 77 GC and matched adjacent normal gastric mucosal tissue
samples was detected by RT-qPCR. The expression of MYCBP
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Figure 2. (A) Relative MYCBP expression levels in control and MYCBP siRNA-treated MNK45 cells. (B) Relative LEF-1 expression of siRNA in control and
LEF-1 siRNA treated MNK45 cells is demonstrated. (C and D) Migration and invasion assays were performed (magnification, x200) and (E and F) quantified.
(C and E) GC cells (MKN-45) transfected with MYCBP siRNA exhibited decreased migration and invasion activity compared with the negative control
group. (D and F) GC cells (MKN-45) transfected with LEF-1 siRNA exhibited decreased migration and invasion activity compared with the negative control
group. “P<0.01 vs. NC. GC, gastric cancer; MYCBP, MYC-binding protein; LEF-1, lymphoid enhancer-binding factor 1; NC, normal control; siRNA, small

interfering RNA.

in the GC tissues was significantly higher than that in the adjacent
normal gastric mucosal tissues (0.4171+£0.027 vs. 0.3076+0.022,
P<0.01; Fig. 1A and 1C), and the relative MYCBP overexpres-
sion rate was 71.4%. Furthermore, in GC cells in vitro, the
expression levels of MYCBP were significantly higher in the
four GC cell lines (SGC-7901, MKN-45, BGC-823 and AGS)
than in the GES-1 normal gastric mucosal cell line (Fig. 1B).
As shown in Fig. 1C, the expression of MYCBP in each paired
samples is different. Among the GC cell lines, MKN-45 exhib-
ited a relatively higher level of MYCBP expression.

MYCBP and LEF-1 affect the invasion and migration capacities
of GC cells. To investigate the role of MYCBP in the develop-
ment and progression of GC, MYCBP or LEF-1 siRNA were
transfected into the GC cell line MKN-45, and the effects
on cell migration and invasion capacities were investigated

using transwell assays (Fig. 2). The expression of MYCBP
and LEF-lincells transfected with MYCBP siRNA and LEF-1
siRNA was observed to be significantly inhibited (P<0.01;
Fig. 2A and B). It was observed that the numbers of MKN-45
cells invading and migrating across the transwell membrane
were significantly reduced by transfection with the MYCBP
siRNA or LEF-1 siRNA (P<0.01; Fig. 2C-F) when compared
with those in the negative control group. These data indicated
that MYCBP and LEF-1 affected the invasion and migration
capacities of the GC cells.

Effects of MYCBP and LEF-1 on GC cell cycle and apoptosis. To
investigate the role of MYCBP in GC further, the cell cycle distri-
bution and apoptosis of MKN-45 cells was assessed following
transfection with the MYCBP and LEF-1 siRNAs. According
to the cell cycle assay, MKN-45 cells transfected with MYCBP
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Figure 3. (A) MKN-45 cells transfected with MYCBP siRNA exhibited cell cycle arrest in the G, phase when compared with the control group, as measured by
flow cytometry. (B) MKN-45 cells transfected with LEF-1 siRNA exhibited marked arrest in the G, phase when compared with the control group, as measured
by flow cytometry. “P<0.01. GC, gastric cancer; MYCBP, MYC-binding protein; LEF-1, lymphoid enhancer-binding factor 1; NC, normal control; siRNA,
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Figure 4. MKN-45 cells transfected with (A) MYCBP siRNA and (B) LEF-1 siRNA exhibited no significant difference in apoptotic rate compared with the control
group. GC, gastric cancer; MYCBP, MYC-binding protein; LEF-1, lymphoid enhancer-binding factor 1; NC, normal control; siRNA, small interfering RNA.

or LEF-1 siRNA were markedly arrested in the G, phase, and 44.2+1.8%, respectively; Fig. 3). However, the difference in
with percentages of G;-phase cells of 59.6+2.3 and 53.2+1.6%, the rate of cell apoptosis between groups was not statistically
respectively, when compared with the control group (50.4+1.8  significant (Fig. 4).
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cells. GC, gastric cancer; MYCBP, MYC-binding protein; LEF-1, lymphoid
enhancer-binding factor 1; NC, normal control; siRNA, small interfering RNA.

MYCBP may be a direct target of LEF-1. MYCBP was
predicted to be a downstream target of LEF-1 (http:/www.
genecards.org/). To verify the results, western blotting was
used to detect the expression of MYCBP following down-
regulation of LEF-1 expression. As shown in Fig. 5, in the
MKN-45 cells, downregulation of LEF-1 with siRNA caused
a marked reduction in MYCBP expression at the protein level.
These findings indicated that MYCBP may be one of the direct
targets of LEF-1.

Discussion

Recent studies indicated that MYCBP is abnormally expressed
during tumorigenesis in numerous types of cancer. Jung and
Kim (15) reported that the upregulation of MYCBP in colon
carcinoma cells may have co-activating effects on MYC.
Wang et al (20) reported that MYCBP regulated multiple
biological processes within glioma cells, which is associ-
ated with malignant characteristics, including cancer cell
proliferation, transformation and metastasis. Additionally,
Furusawa et al (24) suggested that MYCBP is a trigger in
the tumorigenesis of chronic myeloid leukemia. However, the
potential role and molecular mechanisms of MYCBP in GC
remains unclear.

In the present study, MYCBP was significantly overex-
pressed in GC tissues compared with adjacent normal gastric
mucosal tissues, which indicated that MYCBP might serve
an oncogenic role in human GC. Additionally, the function of
MYCBP in the GC cell line MKN-45 was investigated, and
it was demonstrated that MYCBP downregulation suppressed
the migratory and invasive capacities of the MKN-45 cells
in vitro, thus indicating that MYCBP might serve a key role in
the metastasis of GC.

MYCBP is an 11 kDa protein that binds to the N-terminal
region of MYC and stimulates the activation of E-box-dependent
transcription by MYC (25). Overexpression of MYC has been
suggested to serve key roles in cell migration and invasion by
promoting the expression of target genes (26). Previous studies
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have been performed to inhibit the expression of MYCBP, and
thus the MYC pathway, and observe the resultant inhibition
of cancer cell migration and invasion (20,27). Furthermore,
the overexpression of MYCBP facilitated Hedgehog signaling
responses, whereas the knockdown of MYCBP compromised
Hedgehog signaling responses (28). It has been suggested that
abnormal Hedgehog signaling activity serves important roles
in the development and progression of cancer, by promoting
cell proliferation, mobility and invasiveness (29). Accordingly,
blocking Hedgehog signaling has been demonstrated to inhibit
the invasion and metastasis of cancer cells (30). As listed
in GeneCards®: The Human Gene Database (http:/www.
genecards.org/), MYCBP is a member and positive regulator
of the Notch signaling pathway. Previous studies concerning
several cancer types demonstrated that blocking the Notch
signaling pathway led to decreased expression and diminished
bioactivity of urokinase-type plasminogen activator, which
contributed to inhibited cancer cell migration, invasion and
apoptosis (31,32). A previous study confirmed that MYCBP
acted downstream of the vascular endothelial growth factor
receptor, and also indicated that when binding of MYCBP to
cortactin was inhibited, tumor invasion, metastasis and angio-
genesis were blocked (33).

Notably, the present results illustrated that transfection with
MYCBP siRNA markedly induced G, phase arrest in GC cells
when compared with the control group. Recent research indi-
cated that MYC also served a role in the cell cycle transition
from G, to S phase (34). The regulatory mechanisms under-
lying the cell cycle are complex, and any single pathway does
not represent the full function of MYC. Hermeking et al (35)
identified cyclin-dependent kinase 4 (CDK4) as a target of
MYC, which functionally inactivates the products of the tumor
suppressor genes RB and pl6, providing a link between MYC
and the CDK4/cyclin D1/retinoblastoma protein/pl6 pathway,
and may account for the lack of genetic alterations to retino-
blastoma protein and pl6 in certain types of cancer.

To investigate the possible function of MYCBP and to
reveal its underlying molecular mechanism, the identifica-
tion of regulatory targets is required. In MKN-45 cells in
the present study, the downregulation of LEF-1 expression
caused a reduction in the MYCBP protein level. This indicated
that MYCBP may be one of the targets of LEF-1. LEF-1 has
previously been reported to be expressed excessively and to
function as an oncogene in numerous types of cancer (36).
Furthermore, the TCF/LEF axis serves a crucial role in the
Whnt/p-catenin signaling pathway, and the Wnt signaling
pathway has been shown to be involved in a number of
cellular functions, including cell proliferation, survival, and
differentiation (37,38). Western blotting was used to detect
the expression of MYCBP protein following the exogenous
regulation of LEF-1 expression. On the basis of these results,
MYCBP may be a target of LEF-1, which itself is an important
factor of the Wnt signaling pathway.

In summary, the present study demonstrated that MYCBP
is upregulated in GC tissues and cell lines, and is associated
with the metastatic capacity of GC cells, potentially via inter-
action with LEF-1. These findings indicate that MYCBP may
function as a novel tumor promoter in GC, and may be a poten-
tial biomarker for the diagnosis of GC. To the best of the authors'
knowledge, the present research is the first study to demonstrate that
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MYCBP is a downstream gene of LEF-1 of the Wnt signaling
pathway in GC.
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