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MEF2D/Wnt/β-catenin pathway regulates the proliferation
of gastric cancer cells and is regulated by microRNA-19
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Abstract The underlying molecular pathogenesis in gastric
cancer remains poorly unknown. The transcription factor
myocyte enhancer factor 2D (MEF2D) participates in the ini-
tiation and development of many human cancers. However, its
potential roles in gastric cancer have surprisingly not been
studied. In present study, we first exploredMEF2’s expression
in gastric cancer, finding that only MEF2D rather than
MEF2A, 2B, or 2C was elevated in gastric cancer clinical
specimens. Furthermore, immunohistochemical analysis on
the tissue samples obtained from 260 patients with gastric
cancer revealed that MEF2D expression was significantly as-
sociated with the clinical stage, vascular invasion, metastasis,
and tumor size. Gastric cancer patients with MEF2D expres-
sion showed a significantly shorter overall survival time com-
pared with that of patients lacking of MEF2D. Multivariate
analysis revealed that MEF2D expression was an independent
prognostic factor for overall survival. These results indicated
that MEF2D was a prognostic marker for gastric cancer.
Notably, MEF2D silencing was able to reduce the prolifera-
tion and survival of gastric cancer cells. Further study revealed
that MEF2D suppression significantly inactivated the onco-
genic Wnt/β-catenin pathway. Downregulation of MEF2D
inhibited the tumorigenesis of gastric cancer cells in nude
mice. Finally, MEF2D is a direct target of miR-19, which

was found to be decreased in gastric cancer clinical speci-
mens. Collectively, we found that miR-19/MEF2D/Wnt/β-ca-
tenin regulatory network contributes to the growth of gastric
cancer, hinting a new promising target for gastric cancer
treatment.
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Introduction

Gastric cancer (GC) is a highly lethal cancer, with increasing
incidence worldwide [1]. Poor understanding on molecular
mechanisms underlying tumorigenesis of GC leads to lack
of effective treatment [2]. Intensive studies focus on identifi-
cation of GC-related genes [3–5]. Many transcription factors,
such as caudal-related homeobox family genes, have been
demonstrated to participate in GC tumorigenesis and progres-
sion [6–8]. However, molecular pathogenesis of GC is not
fully understood. Thus, it is necessary to identify novel mo-
lecular targets involved in GC tumorigenesis.

Myocyte enhancer factor 2D (MEF2D) is a transcription
factor belonging to MEF2 family (MEF2A, 2B, 2C, and 2D)
[9]. They were initially identified as major transcription acti-
vators in muscle development [10]. Recently, MEF2 family
members were shown to participate in the initiation and pro-
gression of human cancers. MEF2C andMEF2D are involved
in the progression of hepatocellular carcinoma via VEGF sig-
naling pathway [11–13]. In addition, MEF2s are shown to
play vital roles in initiation and metastasis of hepatocellular
carcinoma [14]. Further study identifies MEF2D gene as a
potential oncogene in the development of leukemia [15, 16].
Also, recent studies demonstrate that MEF2D is closely relat-
ed with lung carcinoma [17, 18]. However, experimental
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evidence about the role ofMEF2D in GC tumorigenesis is still
lacking so far.

In this study, we first investigated MEF2D expression and
function in gastric cancer. Further, we studied the potential
downstream pathway involved in the effect of MEF2D in
gastric cancer. Finally, we explored the possible regulatory
mechanism of MEF2D upregulation in gastric cancer.

Materials and methods

Cell culture and animal preparation

AGS and MKN28 gastric cell lines were purchased from
Chinese Academy of Sciences and cultured in the
Dulbecco’s modified Eagle medium (DMEM) (Invitrogen-
Life Technologies, Carlsbad, CA, USA) supplemented with
10 % fetal bovine serum (Invitrogen-Life Technologies,
Carlsbad, CA, USA) containing penicillin/streptomycin. The
cells were grown in a humidified 5 % CO2 at 37 °C in an
incubator.

BALB/c female nude mice, 6-week-old, were bought from
the Experimental Animal Center of Tongji Medical College,
Huazhong University of Science and Technology (Wuhan,
China) and housed under pathogen-free conditions with free
access to water and food. The animal experimental procedures
were approved and reviewed by the Institutional Animal Care
and Use Committee of Tongji Medical College, Huazhong
University of Science and Technology.

Gastric cancer specimen collection

In total, 30 fresh samples of gastric cancer and paired adjacent
normal gastric tissues were collected from gastric cancer pa-
tients from April 1, 2015 to December 1, 2015 at Tongji
Hospital and used for reverse transcriptase quantitative PCR
(RT-qPCR) and western blot to determine the MEF2’s expres-
sion levels. In addition, tissue samples collected from 260
patients that underwent surgery for the treatment of gastric
cancer between January 1, 2005 and December 30, 2010 at
Tongji Hospital were used for immunohistochemical analysis.
The group included 160 males and 100 females, with a mean
age of 63.2 ± 13.4 years. The present study was performed
with all patients’ written informed consent and in accordance
to the procedures approved by Ethical Review Board in Tongji
Medical College.

Follow up

All tissue samples were used for immunohistochemical anal-
ysis. All patients underwent gastrectomy and were monitored
by chest, abdominal, and pelvic computed tomography (CT)
and blood testing at 3-month intervals and yearly gastroscopy.

The overall survival time was defined as the time between
surgery and clinically or radiologically confirmed recurrence
or metastasis, or mortality.

Real-time quantitative PCR

Total RNAs were extracted from the tissues as well as the cell
lines with TRIzol reagent (FBS, Invitrogen, Carlsbad, CA),
according to the instructions of the manufacturer. Reverse
transcription was performed with the QuantiMir RT kit
(System Biosciences). Primers for MEF2D: forward, 5′-
AGGGAAATAACCAAAAAACTACCAAA-3′, reverse, 5′-
GCTACATGAACACAAAAACAGAGACC-3′; primers for
miR-19: forward, 5′-TGATAATTAGCAAGCAGGATTA-3′,
reverse, 5′-ACCAACATTACGCGGCATCATTA-3′; primers
for glyceraldehyde-3-phosphate dehydrogenase (GAPDH):
forward, 5′-GCGAGATCGCACTCATCATCT-3′, reverse,
5′-TCAGTGGTGGACCTGACC-3′. Primers for control U6:
forward, 5′-CTCGCT TCGGCAGCACA-3′, reverse, 5′-
AACGCTTCACGAATT TGCGT-3′.

MEF2D was amplified as follows: denaturation at 95 °C
for 10 min and then 40 cycles of 95 °C for 15 s and 60 °C for
1 min. miR-19 was amplified as follows: denaturation at 95 °C
for 10 min and then 40 cycles of 95 °C for 10 s, 60 °C for 20 s,
and 72 °C for 10 s. U6 RNA was used as an microRNA
(miRNA) internal control, and GAPDHwas used to normalize
the amount of total messenger RNA (mRNA) in each sample.
All values were calculated as ratios normalized to U6 or
GAPDH.

Immunohistochemistry

Immunohistochemistry staining was performed on the collect-
ed clinical gastric cancer sections to detect the expression of
MEF2D. Briefly, formalin and paraffin were used to fix and
embed the tissues, respectively. The samples were heated to
retrieve the antigen. Antibodies recognizing MEF2D (Sigma-
Aldrich, MO, USA) were employed to stain the protein,
followed by counterstaining of nuclei with hematoxylin. The
levels of MEF2Dwere semi-quantitatively based on the inten-
sity and percentage of staining. The MEF2D staining was
classified as strong (3+), moderate (2+), weak (1+), or absent
(−) compared with the adjacent non-cancerous tissues. Scores
of 0 or 1+ were considered to indicate a lack of MEF2D
expression, and scores of 2+ or 3+ were considered to indicate
the presence of MEF2D expression.

The detection of proliferation rates

AGS and MKN28 gastric cancer cells (4× 103), which are
pretreated with scramble lentivirus (Lv-scramble) or Lv-
shMEF2D (multiplicity of infection (MOI) =10) (Shanghai
Genepharma Co. Ltd., Shanghai, China), respectively, were
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seeded in each well of 96-well plates. At the indicated time
points, the number of cells in each well was determined with
Scepter Handheld Automated Cell Counter (Millipore, MA).

Terminal deoxynucleotidyl transferase (TdT) dUTP
nick-end labeling assay

Apoptot ic ce l l s were detec ted us ing a terminal
deoxynucleotidyl transferase (TdT) dUTP nick-end labeling
(TUNEL) kit (Sigma, St. Louis, MO, USA) according to the
manufacturer’s instructions. Briefly, cells were cultured on
cover slips for 48 h. Then, the cells were fixed in 4 % para-
formaldehyde solution in phosphate-buffered saline (PBS) for
30 min at room temperature. The cells were then incubated
with a methanol solution containing 0.3 % H2O2 for 30 min at
room temperature to block endogenous peroxidase activity,
and then incubated in the TUNEL reaction mixture for
60 min at 37 °C, and visualized by fluorescence microscopy
(DM4000B; Leica Wetzlar, Germany).

Western blot analysis

Briefly, the proteins were electrophoresed by sodium dodecyl
sulfate polyacrylamide gel (Bio-Rad) and transferred to
polyvinylidene fluoride membranes (Millipore, MA). The
membranes were blocked with 5 % skimmed milk in tris-
buffered saline-Tween (TBST) and then incubated with a pri-
mary antibody with gentle shake at 4 °C for 12 h. Further, the
membranes were washed three times with TBST and incubat-
ed with a peroxidase-conjugated secondary antibody. Primary
antibodies including anti-MEF2D, anti-Ki67, anti-β-catenin
and anti-phosphorylated β-catenin antibodies (Abcam,
Cambridge, UK), and anti-cleaved caspase-3 (Sigma, St.
Louis, MO, USA) were used. GAPDH (Sigma, St. Louis,
MO, USA) was used as an internal control. The target protein
was visualized by an enhanced chemiluminescence (ECL)
detection system (Invitrogen-Life Technologies, Carlsbad,
CA, USA). All values were calculated as ratios normalized
to GAPDH.

Tumorigenesis assay

AGS cells (5 × 107) infected with Lv-scramble or Lv-
shMEF2D (MOI = 10) (Shanghai Genepharma Co. Ltd.,
Shanghai, China) diluted in 200 μL PBS were injected sub-
cutaneously into the right groin of BALB/c nude mice. The
tumor volume was measured daily, and the tumor was re-
moved at the 35 days post-inoculation. The length and width
were measured, and the volume was calculated using the for-
mula: length × width2 × π/6.

miR-19 inhibitor and mimics

mirVanaTM miRNA inhibitors (30 nM) or mimics (30 nM) for
miR-19 or control molecules (30 nM) (Invitrogen, Carlsbad,
CA) with LipofectamineTM 2000 was transfected into the in-
dicated cells, 48 h prior to subsequent experiments.

Dual-luciferase reporter assay

The MEF2D 3′-UTR and mutated 3′-UTR constructs were
amplified and sub-cloned into pGL3 Luciferase Promote
Vector (Sangon, Shanghai, China) with XbaI and NotI
restriction sites. Using Lipofectamine transfection reagent
(Sangon, Shanghai, China), the pGL3 vector containing
MEF2D 3′-UTR or mutated forms was co-transfected with
or without miR-19 mimics (Invitrogen, Carlsbad, CA) into
AGS cells according to the manufacturer’s instruction. The
cells were collected after 48-h transfection, and the luciferase
activity was measured using the Dual-Luciferase Reporter
Assay Kit (Sangon, Shanghai, China).

TOPflash luciferase reporter assay

Cells infected with lentivirus for shMEF2D, or lentivirus-
scramble were plated in 24-well plates, at a density of
2×105 cells in 500 μL media per well. The co-transfection
solution (100 μL per well) was made by mixing 750 ng of
TOPflash reporter plasmid or 750 ng of FOPflash reporter
plasmid with 50 ng TK-Renilla plasmid (for a total of
800 ng) and 2 μL of Lipofectamine 2000 Transfection
Reagent (Invitrogen, Carlsbad, CA). The transfection mixture
was incubated at room temperature for 15 min. Meanwhile,
the growth media were removed from each well, and 400 μL
of serum-free DMEM was added before the 100 μL transfec-
tion mixture was added. Seventy-two hours later, the cells
were lysed in passive lysis buffer (Promega, Madison, WI)
and luciferase activities were measured using the Dual-
Luciferase Assay System (Promega, Madison, WI) and a
Veritas Microplate Luminometer (Turner Biosystems,
Promega, Madison, WI). Firefly luciferase activity was nor-
malized to activity of Renilla luciferase.

Statistical analysis

Data were presented as mean±SD from at least three indepen-
dent experiments. Data between categorical variables were
analyzed by the χ2 and Fisher’s exact tests. Survival analysis
was performed by Kaplan-Meier plot and log-rank tests.
Multivariate analysis was based on the Cox proportional haz-
ards regression model. Data between or among groups were
analyzed by two-tailed Student’s t test or one-way ANOVA by
SPSS 19.0 software (SPSS Inc., Chicago, IL, USA), respec-
tively. p<0.05 was considered to be statistically significant.
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Results

MEF2D was increased in gastric cancer

To investigate the expression profile of MEF2s in GC
specimens, we applied qPCR to measure mRNA level of
MEF2A, 2B, 2C, and 2D in 30 fresh gastric cancer
samples and their corresponding non-GC tissues. Results
showed that there were no significant differences in
MEF2A and MEF2C mRNA between GC and non-GC
tissues (Fig. 1a, b). There is no detectable MEF2B
mRNA in these tissues (data not shown). However, the
abundance of MEF2D mRNA was significantly increased
in GC than non-GC tissues (Fig. 1c). Further, we deter-
mined MEF2D expression in GC tissues at protein level

by western blot and immunohistochemistry. Compared
with the non-GC tissues, MEF2D protein level was
markedly elevated in GC samples (Fig. 1d, e). Finally,
we detect the levels of MEF2D in GC cell lines. Our
results showed that, compared with normal human gastric
epithelial cell line (GES-1), the levels of MEF2D in GC
cell lines (AGS and MKN28) were obviously increased
(Fig. 1f).

Immunohistochemical analysis of MEF2D expression
and the association with clinicopathological parameters

To explore the clinicopathological significance of MEF2D,
we performed immunohistochemical analysis in 260
paraffin-embedded gastric cancer tissues. The results were

Fig. 1 MEF2D was increased in
gastric cancer. a, b, c MEF2A,
MEF2C, and MEF2D mRNA
levels were determined by qPCR
in the collected gastric cancer
(GC) specimen and the
corresponding normal (non-GC)
tissues (n = 8). Data were
presented as mean ± SD.
**p< 0.01 compared with the
non-GC tissues. d Western blot
was used to evaluate MEF2D
protein level in GC tissues and the
matched normal tissues (non-
GC). GAPDH was used as
loading control. e
Immunohistochemistry was
applied to detect MEF2D in GC
tissues and the matched normal
tissues (non-GC). f Western blot
analysis of MEF2D expression
levels in GC cell lines (AGS and
MKN28 cells) compared with
normal human gastric epithelial
cell line (GSE-1 cells)
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classified for the MEF2D expression as negative for MEF2D
expression or positive for MEF2D expression based on the
scores. As shown in Fig. 2, scores of 0 or 1+ were considered
to indicate a lack of MEF2D expression, and scores of 2+ or
3+ were considered to indicate the presence of MEF2D ex-
pression. The expression rate of MEF2D in GC tissues was
70.4 % (183/260); however, the expression rate in paired ad-
jacent non-GC samples was only 9.6 % (25/260). The associ-
ation between MEF2D expression and several clinicopatho-
logical parameters was shown in Table 1. The results sug-
gested that MEF2D expression was closely related with the
clinical stage of GC, incidence of vascular invasion, metasta-
sis, and tumor size.

Association between MEF2D expression and prognosis

The prognostic effect of MEF2D expression in patients
with GC was analyzed. The results revealed that the
overall survival duration of the patients with MEF2D
expression was significantly shorter as compared with
that of the patients lacking of MEF2D expression
(Fig. 3). Furthermore, multivariate analysis demonstrated
that the overall survival time of patients was significant-
ly associated with MEF2D presence (Table 2). Also, the
multivariate analysis showed metastasis and vascular in-
vasion to be independent prognostic factors.

MEF2D silencing depressed the growth and survival
of GC cells

To explore the function of MEF2D in GC cells, we construct-
ed a lentiviral vector carrying shRNA that specifically
knocked down MEF2D expression (Lv-shMEF2D). Data
confirmed that Lv-shMEF2D specifically decreased MEF2D
level in AGS and MKN28 GC cell lines (Fig. 4a). Lv-
shMEF2D significantly suppressed the proliferation rates of
AGS and MKN28 cells, compared with Lv-scramble (Fig. 4b,
c). In addition, western blot showed that Lv-shMEF2D in-
duced cleaved caspase3 upregulation and Ki67 downregula-
tion (Fig. 4d). Finally, TUNEL assay indicated that Lv-
shMEF2D elevated apoptotic death in both cell lines
(Fig. 4e). Taken together, the above results suggested that
MEF2D inhibition reduced the proliferation and survival of
GC cells.

Fig. 2 Representative samples of the immunohistochemical scoring of
gastric cancer tissues. MEF2D expression was analyzed with
immunohistochemistry in gastric cancer tissues. We scored the results
of immunohistochemistry using the 0 to 3+ scale. Scores of a 0 or b 1+
were considered to be negative forMEF2D expression, and c 2+ and d 3+
were considered to be positive for MEF2D expression

Table 1 Assoc ia t ion be tween MEF2D express ion and
clinicopathological parameters in 260 patients with gastric cancer

MEF2D expression

Parameters Total, n Present, n Absent, n p Value

Total 260 183 77

Age NS

<48 102 62 40

>48 158 95 63

Gender NS

Male 160 103 57

Female 100 71 29

Clinical stage <0.05

I–II 73 38 35

III–IV 187 156 31

T-stage NS

T1–T2 84 63 21

T3–T4 176 134 42

N-stage NS

N0 92 49 43

N1–N3 168 88 80

Vascular invasion <0.05

No 192 36 156

Yes 68 45 23

Metastasis <0.05

No 195 116 79

Yes 65 54 11

Tumor size <0.05

<5 cm 102 36 66

>5 cm 158 99 59

NS not significant, T-stage tumor stage, N-stage stage of lymph node
involvement
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MEF2D suppression inhibited the activation
of Wnt/β-catenin pathway

Emerging evidence indicate that Wnt/β-catenin is an
oncogenic pathway involved in gastric carcinogenesis
[19–21]. Thus, we applied western blot and luciferase
assay to explore the potential effect of MEF2D suppres-
sion on Wnt/β-catenin pathway. Results revealed that
MEF2D downregulation via Lv-shMEF2D significantly
inhibited the activation of Wnt/β-catenin pathway in
both AGS and MKN28 GC cells, as indicated by in-
creased level of phosphorylated β-catenin and lower
level of β-catenin (Fig. 5a, c) and decreased luciferase
expression of TOPflash reporter (Fig. 5b, d). Our data
suggested that MEF2D reduction inactivated Wnt/β-
catenin pathway.

MEF2D reduction suppressed tumorigenesis of gastric
cancer cells

The role of MEF2D in tumor formation of GC cells was
also investigated in BALB/c nude mice. Lv-shMEF2D-
or Lv-scramble-infected AGS cells were subcutaneously
injected in nude mice, and 35 days later, tumors were
removed. Results showed that Lv-shMEF2D-infected
AGS cells formed tumors much smaller that that in
Lv-scramble-infected AGS cells (Fig. 6a). The average
weight and volume of tumors were significantly lower
in Lv-shMEF2D-infected groups than that in the Lv-
scrambled-infected groups (Fig. 6b, c). Western blot
analysis revealed extensive expression of MEF2D in tu-
mors from the Lv-scrambled-infected group, whereas
MEF2D expression was not detectable in the formed
tumors from Lv-shMEF2D-infected groups (Fig. 6d).
These data showed that MEF2D reduction blocked gas-
tric cancer formation in vivo.

miR-19 reduced the expression of MEF2D and activation
of Wnt/β-catenin signaling

We used TargetScan on the internet to explore the possible
microRNA that regulates MEF2D. Luckily, we found that
MEF2D was one of the potential targets of miR-19. The
predicted binding of miR-19 with MEF2D 3′-UTR was
illustrated (Fig. 7a). miR-19 inhibitor increased MEF2D
expression in GC cells (Fig. 7b, c), while miR-19 mimic
was capable to reduce MEF2D level (Fig. 7d, e). To fur-
ther validate interaction between miR-19 and MEF2D, the
MEF2D complementary sites, with or without mutations,
were cloned into the 3′-UTR of the firefly luciferase gene
and co-transfected with miR-19 mimics in AGS cells. Our
results showed that the presence of miR-19 led to a sig-
nificant reduction in the relative luciferase activity of the
wild-type construct of MEF2D 3′-UTR in AGS cells.
However, the mutant (MUT) construct of MEF2D 3′-
UTR abolished such the suppressive effect of miR-19 in
AGS cells (Fig. 7f). The above results demonstrated that
MEF2D is the direct target of miR-19. Furthermore, miR-
19 was significantly reduced in the collected gastric cancer
specimens (Fig. 8a).

Finally, we explored whether miR-19 affected Wnt/β-
catenin pathway with western blot. Results showed that
miR-19 inhibitor significantly activated while miR-19
mimics inactivated Wnt/β-catenin pathway (Fig. 8b–d).

Discussion

In the present study, we found that only MEF2D rather
than MEF2A, 2B, or 2C was elevated in gastric cancer

Fig. 3 Kaplan-Meier survival curves of 260 patients with gastric cancer
subject to gastrectomy. The overall survival time of patients with MEF2D
expression was significantly shorter than that of patients negative for
MEF2D expression (p < 0.001)

Table 2 Multivariate analysis of the prognosis in patients with gastric
cancer

Variables HR (95 % CI) p Value

Depth of invasion

T1 + T2 vs. T3 + T4 0.842 (0.124–2.317) 0.087

Nodal status

N0 vs. N1 + N2 + N3 1.038 (0.233–2.985) 0.092

Metastasis

Absent vs. present 8.721 (3.427–18.563) <0.001

Stage

I + II vs. III + IV 0.914 (0.289–2.341) 0.082

Vascular invasion

Absent vs. present 2.183 (1.001–3.491) 0.024

MEF2D

Absent vs. present 2.962 (1.985–6.449) 0.013

HR hazard ratio, CI confidence interval
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clinical specimens. Furthermore, immunohistochemical
analysis on the tissue samples obtained from 260 pa-
tients with gastric cancer revealed that MEF2D expres-
sion was significantly associated with the clinical stage,
vascular invasion, metastasis, and tumor size. Gastric
cancer patients with MEF2D expression showed a sig-
nificantly shorter overall survival time compared with
that of patients lacking of MEF2D. Multivariate analysis
revealed that MEF2D expression was an independent
prognostic factor for overall survival. These results in-
dicated that MEF2D was a prognostic marker for gastric
cancer. Importantly, downregulation of MEF2D via Lv-
shMEF2D was able to reduce the proliferation and

survival of gastric cancer cells. Further study revealed
that MEF2D suppression significantly inactivated the
oncogenic Wnt/β-catenin pathway. Downregulation of
MEF2D inhibited the tumorigenesis of gastric cancer
cells in nude mice. Finally, we found that miR-9 direct-
ly targeted MEF2D and markedly inhibited activation of
Wnt/β-catenin pathway. Moreover, we confirmed the re-
verse relationship between miR-9 and MEF2D in the
collected clinical gastric cancer specimens.

Previous studies reveal that MEF2C and MEF2D
function as oncogenes in T cell acute lymphoblastic leu-
kemia and chronic myeloid leukemia [16, 22–25].
MEF2D is upregulated in nasopharyngeal carcinoma

Fig. 4 MEF2D silencing depressed the growth of GC cells. a MEF2D
level was detected via western blot in two gastric cell lines (AGS and
MKN28 cells) at 72 h after infection with Lv-scramble (Lv-scr) and Lv-
shMEF2D at MOI of 10. GAPDH was used as loading control. b, c The
proliferation rates of AGS andMKN28 cells in whichMEF2D expression
was reduced via lentivirus were determined. Data were presented as
mean ± SD from three independent experiments. *p < 0.05 and

**p< 0.01 compared with the Lv-scramble groups. d Cleaved caspase 3
and Ki67 were assessed with western blot in AGS and MKN28 cells at
72 h after infection with Lv-scramble (Lv-scr) and Lv-shMEF2D at MOI
of 10. GAPDH was used as loading control. e TUNEL assay was
conducted to detect the apoptosis in AGS and MKN28 cells after
MEF2D was suppressed. Red, apoptotic cells. Blue, nuclear
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tissues [26]. MEF2B mutations lead to deregulated ex-
pression of the oncogene BCL6 in diffuse large B cell

lymphoma [27–29]. Dysregulation of MEF2D inhibits
differentiation and contributes to oncogenesis in

Fig. 5 MEF2D suppression inhibited the activation of Wnt/β-catenin
pathway. a AGS cells were infected with Lv-scramble (Lv-scr) and Lv-
shMEF2D at MOI of 10 for 72 h, followed by western blot for
phosphorylated (p-β-catenin) and total β-catenin level. GAPDH was
used as loading control. b When Lv-scramble or Lv-shMEF2D was
added, TOPflash reporter plasmids were transfected into AGS cells
together with pRL-TK plasmid. Seventy-two hours later, luciferase

activity was quantified to detect the activation of Wnt signaling
pathway. c, d MKN28 cells were treated as above. Western blot was
used to evaluate the level of phosphorylated (p-β-catenin) and total β-
catenin level. Luciferase level was also quantified to detect the Wnt
signaling activity. Data were presented as mean ± SD from three
independent experiments. **p < 0.01 compared with the Lv-scramble
groups

Fig. 6 MEF2D reduction suppressed tumorigenesis of gastric cancer
cells. a AGS cells infected with Lv-scramble or Lv-shMEF2D
(MOI = 10) were subcutaneously inoculated into BALB/c nude mice.
Thirty-five days later, tumors were removed. b, c The weight and
volume of formed tumors were measured. d Western blot analysis of

MEF2D level was performed in AGS tumor xenografts. GAPDH was
used as loading control. Data were presented as mean ± SD from three
independent experiments. **p < 0.01 compared with the Lv-scramble
groups
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rhabdomyosarcoma cells [30]. In addition, studies con-
firm that MEF2D promotes tumorigenesis in lung carci-
noma [17, 18]. Further, MEF2s promote EMT through
TGF-β1 auto regulation circuitry [14]. However, study
about the expression profile and the potential role of
MEF2 family members in gastric cancer is still lacking.
Data from our study provides, for the first time, that
only MEF2D rather than other family members is in-
c reased in c l in ica l gas t r i c cancer spec imens .
Importantly, reducing MEF2D via lentivirus inhibits
the proliferation and survival of gastric cancer cells.
These data favor an oncogenic role of MEF2D in gas-
tric cancer.

Wnt/β-catenin pathway has been cell established to play an
oncogenic role in many cancers. Recent studies demonstrate
that ZNRF3 contributes to the growth of lung carcinoma via
inhibitingWnt/β-catenin pathway and is regulated by miR-93
[31]. Inhibition of oleandrin on the proliferation and invasion
of osteosarcoma cells in vitro by suppressing Wnt/β-catenin
signaling pathway [32]. IWR-1 inhibits epithelial-

mesenchymal transition of colorectal cancer cells through sup-
pressing Wnt/β-catenin signaling as well as survivin expres-
sion [33]. MAGI3 negatively regulates Wnt/β-catenin signal-
ing and suppresses malignant phenotypes of glioma cells [34].
In the present study, for the first time, our results demonstrate
that MEF2D silencing significantly inactivates Wnt/β-catenin
pathway. Further studies are needed to explore the underlying
mechanism ofMEF2D inhibition onWnt/β-catenin signaling.

Finally, to explore the possible regulatory mechanism of
MEF2D upregulation in gastric cancer, we used online data-
base to identify the possible miRNAs involved in regulating
MEF2D. The data suggested that miR-19 might be a miRNA
that can suppress MEF2D expression. This finding was fur-
ther confirmed by experimental approaches. Further, our data
confirm that miR-19 is significantly decreased in clinical gas-
tric cancer specimens. Interestingly, our present study demon-
strates that miR-19 is able to suppress Wnt/β-catenin
pathway.

In conclusions, our study demonstrates that miR-19/
MEF2D/Wnt/β-catenin regulatory network contributes to

Fig. 7 miR-19 directly targeted MEF2D and decreased its expression. a
A potential miR-19 recognition site (MRE) is located in the 3′-UTR of
MEF2D mRNA. b, cAGS andMKN28 cells were transduced with miR-
19 inhibitor (50 nM) for 24 h and followed by western blot analysis of
MEF2D protein expression. GAPDH was used as loading control. Band
density was measuredwith Image J (version 7.0), and data were presented
as mean ± SD from three independent experiments. **p< 0.01 compared
with the control groups. d, eAGS andMKN28 cells were transducedwith
miR-19mimics (50 nM) for 24 h and followed bywestern blot analysis of
MEF2D protein expression. GAPDH was used as loading control. Band
density was measuredwith Image J (version 7.0), and data were presented

as mean ± SD from three independent experiments. *p < 0.05 and
**p< 0.01 compared with the control groups. f The interaction between
miR-19 and MEF2D was determined by luciferase activity assays. The
wild-type or mutant MEF2D 3′-UTR was co-transfected with miR-19
mimics or scramble miRNA (control) and incubated for 48 h into AGS
cells followed with a detection by dual-luciferase reporter assay kit. wt
denotes pGL3 vectors containing MEF2D 3′-UTR; mut denotes pGL3
vectors containing mutated MEF2D 3′-UTR. Data were presented as
mean ± SD from three independent experiments. **p < 0.01 compared
with the indicated group
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the growth of gastric cancer, providing a novel molecular tar-
get for future gastric cancer therapy.
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