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Abstract: To explore the expression, clinical significance, biological function, and potential mechanism of MEF2D
in pancreatic cancer, the expression of MEF2D in human pancreatic cancer tissues and corresponding adjacent
normal tissues was analyzed through immunohistochemical staining. The association between MEF2D expression,
clinicopathological parameters, overall survival, and disease-free survival was evaluated. Human pancreatic cancer
cell lines BxPC-1 and SW1990 were selected to investigate the effect of MEF2D knockdown on cell proliferation,
migration, and invasion. Western blot analysis was used to assess the effect of MEF2D expression on the Akt/GSK
pathway, as well as the protein expression of cyclin B4, cyclin D1, matrix metalloprotein (MMP)-2, and MMP-9. Our
results revealed that the expression of MEF2D was increased in pancreatic cancer tissues compared to adjacent
normal tissues and the increased expression of MEF2D was associated with tumor size, histological differentiation,
and TNM stage of pancreatic cancer patients. Moreover, the expression of MEF2D was an independent prognostic
indicator for pancreatic cancer patients. In addition, knockdown of MEF2D in pancreatic cancer cells inhibited cell
proliferation, migration, and invasion by down-regulating the protein expression of cyclin B4, cyclin D1, MMP-2,
and MMP-9. Knockdown of MEF2D reduced the levels of phosphorylated Akt and GSK-33. Our data indicated that
MEF2D expression was increased in pancreatic cancer and was an independent molecular prognostic factor for
pancreatic cancer patients. Furthermore, we showed that MEF2D controlled cell proliferation, migration, and inva-
sion abilities in pancreatic cancer via the Akt/GSK-3 signaling pathway.
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cer is insensitive to almost all conventional
chemotherapy and radiation regimens [6].
Therefore, it is urgent to understand potential
mechanisms that contribute to the develop-

Introduction

Pancreatic cancer is one of the most aggres-
sive digestive system cancers and is associat-

ed with a poor prognosis. Worldwide, pancreat-
ic cancer is the ninth most common malignant
cancer and the fourth cause of cancer-related
death [1]. Despite substantial progress in surgi-
cal techniques and other anti-cancer treat-
ments, the treatment efficacy for pancreatic
cancer has not significantly improved [2]. If
untreated, the 5-year overall survival (OS) of
pancreatic cancer is still approximately 5% [3].
One of the main reasons for this dismal progno-
sis is the fact that the majority of the pancreatic
cancer patients are diagnosed at an advanced
stage, when the chance for effective surgical
resection has been lost [4]. Furthermore, even
those who undergo curative surgical resection
will relapse within 2 years [5]. Pancreatic can-

ment of pancreatic cancer and identify reliable
prognostic biomarkers and novel therapy
targets.

Myocyte enhancer factor 2D (MEF2D), a tran-
scription factor, belongs to the MEF2 family,
which includes four different members in mam-
mals: MEF2A, 2B, 2C, and 2D [7]. MEF2 family
members were initially identified as vital tran-
scription activators important in the develop-
ment of muscle and heart [8], and subsequent-
ly found to be involved in the initiation and
development of human cancers. The first evi-
dence of the important role of MEF2D in human
malignancy is from leukemia [9]. The MEF2D/
DAZAP1 and DAZAP1/MEF2D fusion proteins
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Figure 1. Representative images of MEF2D immunohistochemical staining

mote the proliferation of ALL
cells. Recently, studies sho-
wed that the overexpression
of MEF2D can increase the
proliferation of hepatocellular
carcinoma (HCC) cells via pro-
motion of VEGF signaling, and
facilitation of HCC cell inva-
sion and metastasis by pro-
motion of the TGF-f auto-
regulation circuitry [7, 10].
However, the precise role of
MEF2D in the initiation and
progression of pancreatic can-
cer is still unclear.

In this study, multidisciplinary
approaches were employed to
explore the expression, bio-
logical function, and potential
mechanism of MEF2D in pan-
creatic cancer.

Materials and methods

in pancreatic cancer and adjacent non-cancer tissue. Pancreatic tumor tis-

sue: A. Magnification x 100; B. Magnification x 200; C. Magnification x 400;

Normal adjacent tissue: D. Maghnification x 100.
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Figure 2. Expression of MEF2D in pancreatic can-
cer tissues compared to adjacent normal tissues.
Results show a significant difference between the
groups (Chi-square test; P<0.05 for both).

resulting from chromosomal translocation in
acute lymphoblastic leukemia (ALL) can pro-
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Patients and tissue speci-
mens

In total, 98 paraffin-embedded human pancre-
atic cancer tissues and their corresponding
adjacent normal tissues were collected from
patients treated at Shanghai East Hospital,
Tongji University, Shanghai China, from January
2006 to December 2010. All patient tissues
were obtained before chemical, radiation, and
other anti-cancer therapies. The diagnosis of
pancreatic cancer was made based on the
postoperative pathology evaluation. OS was
calculated from the date of surgery to time of
death, or the date of last known follow-up.
Disease-free survival (DFS) was defined as the
period between the date of surgery and the first
recurrence or metastasis of pancreatic cancer.
Detailed clinicopathological data were obtained
from hospital medical records. All subjects
signed written informed consent. The current
study was approved by Clinical Research Ethics
Committee of Shanghai East Hospital, Tongji
University, Shanghai, China.

Immunohistochemistry (IHC)

Paraffin-embedded tissues were cut into 4-um
thick sections, deparaffinized in xylene, rehy-
drated through graded alcohols, and heat treat-
ed for 30 min in citrate buffer (pH 6.0; Dako,
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Table 1. Expression of MEF2D in relation to pathologic and clini-

26-50%; 3 points, more than

cal variables 50%. The final score was calcu-
- _ MEF2D expression lated as the sum of the intensity
Clinicopathological parameters N? N P value score and the quantity score.
Al o8 1 57 Flnall scores 23 p0|nt§ vs{ere
considered positive, while final
Age (years) 0.038 0.845 scores <3 points were consid-
<60 56 41 15 ered negative.
>60 42 30 12
Gender 0.155 0.694 Cell culture
Female 32 24 8
Male 66 47 19 Human pancreatic cancer cell
Tumor size 5.567 0.018 "”eShBXPg'? and ASW1_990 "T"ere
purchased from American Type
:j zrr: ;g gg 234 Culture Collection (ATCC, Man-
- assas, VA, USA) and were cul-
Histological differentiation 4.842 0.028 tured in Dulbecco’s Modified
Well + moderate 64 51 13 Eagle’s Medium (DMEM) (Gibco,
Poor 34 20 14 Gaithersburg, MD, USA) supple-
Location 0.092 0.762 mented with 10% fetal bovine
Head-neck 63 45 18 serum (FBS) (Gibco). The cells
Body-tail 35 26 9 were incubated in a humidified
Lymph node metastasis 2.592 0.107 atmosphere at 37°C and 5%
Absence 60 40 20 CO,.
Presence s8 3l ’ Small interfering RNA (SiRNA)
TNM stage 5.892 0.015 and transient transfection
I-1l 57 36 21
-1V 41 35 6 MEF2D special siRNA (Ruibo,
Nerve invasion 0.601 0.438 Guangzhou China) was used to
Yes 35 27 8 silence the MEF2D gene. A
No 63 44 19 scrambled sequence SiRNA

Carpinteria, CA, USA) for antigen retrieval.
Endogenous peroxidase activity was blocked by
3% H,0, for 10 min. Samples were blocked with
5% normal serum for 2 hours. Afterward, sam-
ples were incubated overnight with primary
anti-MEF2D antibody (ab32845, Abcam, 1:500
dilution). The next day, the sections were incu-
bated for 1 hour with the appropriate second-
ary antibody (ab6721, abcam, 1:1000 dilution).
Finally, sections were observed under a light
microscope. The immunostaining results were
evaluated by two independent pathologists bli-
nded to each patient’s status to avoid possible
bias.

The staining intensity was scored as O points,
negative; 1 point, weak intensity; 2 points,
moderate intensity; or 3 points, strong intensi-
ty. Staining density was scored separately
based on the percentage of cells stained as
follows: O point, 0-5%; 1 point, 6-25%; 2 points,
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(siNC) was used as a negative

control (Ruibo). The siRNA tra-
nsfection was optimized using Lipofectamine™-
RNAimax (Invitrogen, Carlsbad, CA, USA), ac-
cording to the manufacturer’s instructions.
Briefly, Lipofectamine and siRNA were diluted
separately in serum-free Opti-MEM (Gibco) and
incubated at room temperature for 5 min.
Afterward, the two solutions were gently mixed
and incubated for 20 min. Finally, the mixture
was added to plated cells, and after 2 days, the
cells were analyzed using the following assays.

RNA isolation and Qrt-PCR analysis

Total RNA was isolated from cells with TRIzol
RNA isolation reagent (Invitrogen) according to
the manufacturer’s protocol. The qRT-PCR
assay was performed as follows. Total cDNA
was synthesized from 1 ug purifed RNA with
the Reverse Transcription System (Promega,
Madison, WI, USA) followed by amplification of
MEF2D using the SYBR Premix ExTag™ kit
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Figure 3. Kaplan-Meier log-rank survival analyses for
(A), overall survival and (B), disease-free survival of
pancreatic patients according to MEF2D expression.

(Applied Biosystems, Foster City, CA, USA) and
ABI PRISM 7500 Sequence Detection System
(Applied Biosystems). The relative mRNA level
of MEF2D was normalized to GAPDH and was
calculated by the comparative Ct method [11].
The sequences of the primers were as follows:
MEF2D forward, 5-AGGGAAATAACCAAAAAACT-
ACCAAA-3’; MEF2D reverse, 5-GCTACATGAA-
CACAAAAACAGAGACC-3'.GAPDHforward, 5™-AA-
TCCCATCACCATCTTCCA-3’, GAPDH reverse 5™-
TGGACTCCACGACGTACTCA-3. PCR reaction
conditions were: denaturation at 95°C for 10
min, followed by 40 PCR cycles at 95°C for
15 s and one cycle at 60°C for 1 min.

Cell proliferation assay

Cells were collected after trypsin treatment
when they were in the exponential phase of
growth. A 96-well plate was seeded with 2 x
103 cells/well and cultured at 37°C and 5%
CO,. Ten ul Cell Counting Kit-8 (CCK-8, Dojindo,
Japan) solution was added to individual wells
after 24, 48, 72, and 96 hours respectively,
and then incubated at 37°C for 1.5 h. The ELX-
800 spectrometer reader (BioTek Instruments,
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Winooski, VT, USA) was used to measure the
absorbance at 450 nm.

Plate clone formation assay

Cells were seeded into a 6-well culture plate
(500 cells per well) and cultured in 8 ml com-
plete medium for 1 week. Afterwards, the cells
were washed twice with PBS, fixed with 4%
paraformaldehyde, and stained with crystal
violet. Finally, the number of colonies were
counted.

Cell cycle analysis

Cells transfected with siNC or MEF2D siRNA
were treated with 1 pg/ml aphidicolin. The
medium containing aphidicolin (USA, Sigma)
was removed after 12 hours and the cells were
washed with PBS and incubated in fresh medi-
um containing 50 ng/ml nocodazole (USA,
Sigma) for O, 6, and 12 h. Afterwards, the cells
were fixed with 70% ethanol at 4°C overnight
and stained with 40 yg/ml propidium iodide in
hypotonic fluorochrome buffer for 0.5 h. Finally,
the samples were analyzed using a FACSCanto
flow cytometer (BD Biosciences, San Francisco,
CA, USA). The cell distribution in different phas-
es of the cell cycle was further analyzed with
ModFit LT3.0 software.

Wound-healing assay

Six-well plates were seeded with 5 x 10° cells
transfected with either MEF2D or control siRNA
(Sigma, St. Louis, MO, USA) and incubated until
100% confluence was reached. The layer of
cells was scratched with a 10 pl pipette tip
(Sigma) and washed with PBS three times. The
incubation was continued in fresh serum-free
DMEM medium for 24 hours. The distance of
cell migration was determined by microscopy.

Transwell migration and invasion assays

Migration assays were performed using a tran-
swell chamber (Corning Inc., Corning, NY, USA).
The upper compartment of the chamber was
seeded with 1 x 10°% BxPC-3 or SW1990 cells
in 100 pl serum-free DMEM medium. The bot-
tom compartment of the chamber contained
800 pl DMEM with 10% FBS (v/v), which was
the source of chemoattractant. After a 24-h
incubation at 37°C in 5% CO,, the non-migrat-
ing cells in the upper chamber were removed
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Table 2. Analysis of independent correlation factors of pancreatic cancer prognosis with Cox multi-

variate regression analysis. a, OS; b, DFS. OS: overall survival; DFS: disease-free surbvival

a

95% ClI for Exp (B)

Factors B S.E. Ward Sig. Exp (B)

Lower Upper
Age -0.296 0.243 1.477 0.224 0.744 0.462 1.199
Gender 0.056 0.242 0.054 0.817 0.946 0.589 1.519
Tumor size -0.285 0.280 1.035 0.309 0.752 0.434 1.302
Histological differentiation 0.226 0.306 0.546 0.460 1.254 0.688 2.286
Location -0.465 0.268 3.012 0.083 0.628 0.372 1.062
Lymph node metastasis -0.325 0.312 1.089 0.297 0.722 0.392 1.331
TNM stage 2.336 0.349  33.892 0.007 10.019 5.220 20.469
Nerve invasion 0.017 0.265 0.004 0.949 1.017 0.605 1.709
MEF2D 0.877 0.313 5.416 0.023 2.172 1.446 4.165
b

. 95% ClI for Exp (B)

Factors B S.E. Ward Sig. Exp (B)

Lower Upper
Age -0.385 0.244 2.495 0.114 0.680 0.422 1.097
Gender 0.114 0.242 0.224 0.636 1.121 0.698 1.800
Tumor size -0.164 0.285 0.334 0.563 0.848 0.486 1.482
Histological differentiation 0.511 0.302 2.863 0.091 1.667 0.922 3.014
Location -0.282 0.270 1.095 0.295 0.754 0.445 1.279
Lymph node metastasis -0.615 0.317 3.779 0.052 0.540 0.291 1.005
TNM stage 2.822 0.438 21.146 0.019 8.227 4,754 17.906
Nerve invasion 0.011 0.262 0.002 0.966 1.011 0.605 1.690
MEF2D 1.487 0.313 6.520 0.031 4.422 2.393 8.171

carefully using a cotton swab. The remaining
cells that had traversed the membrane were
fixed with 100% methanol and stained with
crystal violet. An inverted microscope was
adapted to count migrating cells in five random-
ly selected visual fields. Each assay was repeat-
ed at least three times.

Cell invasion was evaluated migration through
transwell filters (Corning). The upper chambers
of the transwell filters were coated with 100 pL
of Matrigel (Corning) followed by 1 x 10° BxPC-
3 and SW1990 cells. The medium in the lower
chamber was the same as that in the transwell
migration assay. After 24 h, filters non-migrat-
ing cells were carefully removed from the upper
chamber with a cotton swab, and the filters
were then fixed and stained as above. Cells that
had invaded were counted in five randomly
selected visual fields. Each assay was repeated
at least three times.

Western blot analysis

Cells were washed twice with cold PBS and
lysed with RIPA lysis buffer (radioimmunopre-
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cipitation assay; Beyotime Institute of Bio-
technology, China) containing PMSF (protease
inhibitors phenylmethanesulfonyl fluoride) (Be-
yotime Institute of Biotechnology, lJiangsu,
China). Protein concentration was determined
by bicinchoninic acid (BCA) protein assay kit
(Beyotime Institute of Biotechnology). Equal
amounts of protein (~30 ug) were separated by
12% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) and then trans-
ferred to 0.45 pm polyvinylidine difluoride filter
(PVDF) membranes. The membranes were
blocked with Tris-buffered saline-Tween 20
(TBST) containing 5% non-fat milk followed by
overnight incubation at 4°C with primary anti-
bodies. Next, the membranes were washed
three times with TBST for at least 15 minutes,
and probed with HRP-linked secondary anti-
bodies for 2 h at room temperature. Protein
bands were visualized using the enhanced che-
miluminescence detection kit (Thermo Fisher
Scientific, Waltham, MA, USA).

The primary antibodies and concentrations
used were: MEF2D (ab93257; 1 pg/ml), Akt

Am J Transl Res 2017;9(11):4836-4847
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A 1.2 treatment groups. Chi square
test was employed to evaluate
-‘E' 094 the association between ME-
= " F2D expression and clinico-
306 - pathological parameters, in-
g - cluding age, gender, tumor
© size, and TNM stage. Survival
e 037 curves were obtained utiliz-
ing the Kaplan-Meier method,
0.0- and statistical evaluation of
LR ,;,8"\ a}@’ é,\d’b survival was analyzed by log-
rank test. For cell experi-
SRS SN ments, Student’s t test was
1.2+ used to analyze the data.
All analyses were performed
%‘ 0.9 using SPSS 19.0 software
s . (IBM, Armonk, NY). Differences
o 06 ok were considered significant
. ok when P<0.05 and all tests
é 034 were two-sided.
Results
0.0-
A ¥ ,,8:‘ ,§°’ f Increased expression of
SW1990 MEE2D mRNA MEF2D in pancre:.:mc cancer
was associated with tumor
B BxPC-3 SW1990 size, histological differentia-
Nt Nc Shl Sh2 Sh3 Nt  Ne Shl Sh2  Sh3 tion, ?”d TNM stage of pan-
MEFID T — - BB == -y creatic cancer patients

3 -
B-actin L . £ =4 T R S— —

Figure 4. Real-time PCR and western blotting showed that the expression
levels of MEF2D mRNA and protein were significantly down-regulated after
MEF2D special siRNA infection (**P<0.01). Each experiment was repeated

three times.

(ab18785; 2 pg/ml), p-Akt (@b38449; 1/500),
GSK (ab32391; 1/5000), p-GSK (ab75745;
1/500), cyclin D1 (@b137875; 1/1000), cyclin
B1 (@ab32053; 1/3000Il), MMP-2 (ab37150; 2
ug/ml), MMP-9 (ab38898; 1/1000) and B-actin
(@ab8227; 1/5000). The secondary antibody
was anti-rabbit-IgG-HRP (926-32210 and 926-
32211 licor, 1:5000 dilution). All primary anti-
bodies were purchased from Abcam (Cam-
bridge, UK).

Statistical analysis

Data were expressed as means + SD. Two-
factor analysis of variance procedures followed
by Dunnett's test for multiple comparisons
were used to assess the differences within
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To assess whether MEF2D
expression was altered in
human pancreatic cancer, im-
munohistochemistry was us-
ed to evaluate the MEF2D ex-
pression in pancreatic cancer
tissues and paired adjacent
non-tumor tissues (Figure 1).
In matched pancreatic cancer and adjacent
non-cancerous tissues, the positive percent-
age of MEF2D expression was 72.4% (71/98)
and 7.1% (7/98). There was significantly higher
positive expression of MEF2D in pancreatic
cancer compared to the adjacent non-tumor
tissues (P<0.05) (Figure 2).

The association of MEF2D expression with
patients’ clinical parameters is shown in Table
1. The results demonstrated that the increased
expression of MEF2D in pancreatic cancer was
significantly associated with tumor size (x? =
5.567, P = 0.018), histological differentiation
(x> = 4.842, P = 0.028), and TNM stage (x? =
5.892, P = 0.015). Nevertheless, there was no
significant correlation between MEF2D expres-
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Figure 5. Knockdown of MEF2D in
- NCsiR

. pancreatic cancer cells reduces cell

& MEF2D siR1 proliferation. A and B. CCK-8 cell pro-

liferation assay after MEF2D knock-

* % down in BxPC-3 and SW1990 cells.
C and D. Colony formation assays

after MEF2D knockdown in BxPC-3

and SW1990 cells. E and F. The per-
: : : . centage of G1 population cells was
2 3 4 5 measured by flow cytometry after
Time (Day) MEF2D knockdown in BxPC-3 and
SW1990 cells. *P<0.05, **P<0.01,
- NCsiR ***P<0.001.
- MEF2D siR1

sion and other clinical parame-
It ters, such as patient’s age, gen-
der, tumor location, lymph node
metastasis, and nerve invasion

(P > 0.05 for all; Table 1).

>
oD (450mm)
o = = g N
o o @ o @

o
o

(us]
OD (450mm)
5 & B

e
o

0.0 ,
0 1 2 3 4 5
Time (Day) Increased expression of MEF2D
c NC siR MEF2D siR1 was associated with poor
e prognosis of pancreatic cancer
BxPC-3 patients

: We performed Kaplan-Meier an-
swisso | £ alysis using the log-rank test to
further evaluate the prognostic
significance of MEF2D expres-

Both BxPC-3 and SW1990 were

D 200+ sion in pancreatic cancer pa-
5 5 tients. We found that patients
2 £ with high MEF2D expression
2 2 1001 . had worse OS and DFS than
§' §' patients with low MEF2D expres-
S S %1 sion (Figure 3). Simultaneously,
ol univariate and multivariate Cox
& £ regression analyses were per-
N ‘}é& formed to determine whether
£ - ' MEF2D expression was an inde-
_ Bl NCsiR pendent molecular prognostic
s * BN MEF2D sh1 indicator for pancreatic cancer
S 401 - patients. Our data revealed that
s the expression of MEF2D, toge-
= .
2 .0 ther with TNM stage, was an
2- independent prognostic indica-
o tor for pancreatic cancer pati-
0- - - * ents (Table 2).
K
F 80- B NCsiR MEF2D siRNA knocked down
s B MEF2D shi MEF2D mRNA and protein
g 60 I I * expression
E 40 e . .
3 To investigate the role of MEF-
gzo_ 2D in pancreatic cancer, the
o expression of MEF2D was kno-
0 cked down by MEF2D siRNA.
o o \,.‘:o

4842 Am J Transl Res 2017;9(11):4836-4847



MEF2D exerts oncogenic activity in pancreatic cancer

0 h 24h

A

- - -
o - -

150 Il NCsiR
Il MEF2D siR1

transfected with a scrambled
sequence SiRNA (siNCtrl) and
three different MEF2D siRNA.
As shown in Figure 4, both the
mRNA (Figure 4A) and the pro-
tein (Figure 4B) levels of MEF-
2D were inhibited significantly by
MEF2D_siR1.

Down-regulation of MEF2D inhib-
ited cell proliferation in pancre-
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E NC-siR MEF2D siR1 cycle arrest. Our results revealed
that MEF2D knockdown cells

have a significantly higher G1

population than control cells in

both BxPC-3 and SW1990 cell

lines (Figure 5E, 5F).
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BXPC3 14

Down-regulation of MEF2D
inhibited pancreatic cancer cell
migration and invasion in vitro

SW1990

ShRE0 Results of the wound-healing and

transwell assays indicated that

down-regulation of MEF2D ex-
o pression remarkably inhibited
the migration of BxPC-3 and
SW1990 cells (Figure 6A-C). In
& o addition, transwell assays sh-
owed that down-regulation of
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Figure 6. MEF2D knockdown inhibited the migration and invasion of
pancreatic cancer cell lines. Wound-healing assay for migration in BxPC3
and SW1990 cells transfected with MEF2D siR1 or NC siR. A. Photomi-
crograph of the wound-healing assay from control NC siR1 and MEF2D
siR1 transfected BxPC3 cells. B. Quantified data for the wound-healing
assay that showing less migration by the MEF2D knockdown BxPC-3 cell
lines compared to the control presented as the number of migrated cells
per high-power field (**P<0.01). C. Photomicrograph of the wound-heal-
ing assay from control NC siR1 and MEF2D siR1 transfected SW1990
cells. D. Quantified data for the wound-healing assay that showing less
migration by the MEF2D knockdown SW1990 cell lines compared to the
control presented as the number of migrated cells per high-power field
(**P<0.01). Effects of MEF2D on the cell migration by transwell cham-
ber assay. E. photomicrograph showing crystal violet-stained filters from
control NC siR1 and MEF2D siR1 transfected BxPC3 and SW1990 cells.
F. Quantified data showing less migration in the MEF2D-knockdown cell
lines compared to the control presented as the number of migrated cells
per high-power field (***P<0.001). Effects of MEF2D on pancreatic
cancer cell invasion by transwell chamber assay. G. Photomicrograph
showing crystal violet-stained filters from control NC siR1 and MEF2D
siR1 transfected BxPC3 and SW1990 cells. H. Quantified data show-
ing less migration in the MEF2D-knockdown cell lines compared to the
control presented as the number of migrated cells per high-power field
(**P<0.01).

whether MEF2D overexpression
is accompanied by Akt/GSK-3j
activation, the levels of total and
phosphorylated Akt and GSK-3p3
were examined in human pancre-
atic cancer cells. As shown in
Figure 7A, silencing of MEF2D
did not obviously influence the
total level of Akt although the
level of phosphorylated Akt was
significantly inhibited. Moreover,
the reduction in phosphorylated
Akt was accompanied by a sig-
nificant reduction in the level of
phosphorylated GSK-3p3, an im-
portant downstream target pro-
tein of Akt, without obvious ch-
ange in the total expression of
GSK-3B (Figure 7A). These res-
ults suggested that overexpres-
sion of MEF2D activated the Akt/
GSK-33 pathway in pancreatic
cancer cells.

It is well known that the cell cycle
is strictly controlled by cyclins.
We assessed the expression of
cyclin D1 and cyclin B1 in pancre-
atic cancer cells and found that
they were decreased upon kno-
ckdown of MEF2D (Figure 7B).
The invasive capacity of cancer
cells can be evaluated by expr-
ession of MMPs. Our results sh-
owed that knockdown of MEF2D
remarkably decreased the pro-
tein levels of MMP-2 and MMP-9
(Figure 7B).

Discussion

MEF2D expression markedly impaired the inva-
sion properties of BxPC-3 cells and SW1990
cells (Figure 6A-F). Collectively, these results
revealed that MEF2D may contribute to the pro-
gression of pancreatic cancer via enhancing
cell migration and invasion.

Down-regulation of MEF2D inhibited the Akt/
GSK-3(B pathway and suppressed cyclin D1,
cyclin B1, and MMP-2/9 expression in pancre-
atic cancer cells

The Akt/GSK-3B pathway is constitutively ac-
tive in many human cancers. To investigate
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In the current study, we investigated the expres-
sion profile of MEF2D in pancreatic cancer tis-
sues. The results indicated that MEF2D was
significantly overexpressed in pancreatic can-
cer tissues compared to the matched adjacent
normal tissues. The increased expression of
MEF2D was significantly associated with an
aggressive tumor phenotype, larger tumor size,
histological de-differentiation, and TNM stage.
More importantly, the overexpression of MEF2D
was significantly correlated with poor prognosis
of pancreatic cancer patients. Univariate and
multivariate Cox regression analysis demon-
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cancer patients.

Because overexpression of
MEF2D was significantly asso-
ciated with the aggressive ch-
aracteristics of pancreatic ca-
ncer, we down-regulated the
expression level of MEF2D in
BxPC-3 and SW1990 cell lines
using siRNA to explore the bio-
logical function of MEF2D in
cell proliferation, migration,
and invasion. As expected,
our in vitro study showed that
knockdown of MEF2D in Bx-

cyclin B1

cyclin D1

MMP2
MMP9

B-actin

Figure 7. Overexpression of MEF2D activated the Akt/GSK-3B pathway in
pancreatic cancer cells measured by western blot. A. The level of phosphory-
lated Akt and phosphorylated GSK-3 was significantly reduced after knock-
down of MEF2D. Knockdown of MEF2D increased expression of markers
of cell proliferation and invasion. B. Knockdown of MEF2D dramatically de-
creased the expression of cyclin D1, cyclin B1, MMP-2 and MMP-9.

strated that MEF2D expression was an inde-
pendent molecular prognostic factor for pan-
creatic cancer patients. These results revealed
that the overexpression of MEF2D may be a
common factor in the initiation and progression
of pancreatic cancer and might serve as an
important predictor for poor prognosis of pan-
creatic cancer patients.

Consistent with this study, overexpression of
MEF2D also has been identified in other malig-
nances, including hepatocellular carcinoma,
osteosarcoma, gastric cancer, and colorectal
cancer [12-15]. Ma et al. showed that overex-
pression of MEF2D is associated with shorter
survival of hepatocellular carcinoma patients.
Yu et al. revealed that the overexpression of
MEF2D is significantly correlated with shorter
survival and can serve as an independent prog-
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PC-3 and SW1990 markedly
suppressed human pancreat-
ic cancer cell proliferation,
migration, and invasion. The
results from flow cytometry
analysis further confirmed th-
at reduced cell proliferation
after MEF2D knockdown was
due to G1 phase arrest. The
G1 phase is regulated by
cyclin D1 and the G2/M phase
is controlled by cyclin B1 [16].
MEF2D knockdown down-reg-
ulated the expression of cyc-
lin D1 and therefore induced
cell cycle arrest in G1.. In addi-
tion, MEF2D knockdown sub-
sequently caused the decr-
ease in number of cells in
G2/M and down-regulated cyclin B1. Thus,
MEF2D might promote proliferation of pancre-
atic cancer cell via increased expression of
cyclin D1 and cyclin B1. However, whether
MEF2D modulated cyclin D1 and cyclin B1
directly is still unclear. Many studies have
revealed that cyclin D1 and cyclin B1 are impor-
tant downstream effectors in a variety of cell
signaling pathways [17-19]. Therefore, it is pos-
sible that MEF2D regulates the expression of
cyclin D1 and cyclin B1 through a specific sig-
naling pathway in pancreatic cancer.

It is widely acknowledged that the degradation
of extracellular matrix components plays a criti-
cal role in the invasion and metastasis of
cancers [20, 21]. Growing evidence suggests
that MMPs are involved in the degradation of
extracellular matrix components. Furthermore,
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MMP2 and MMP9 have generally been thought
of as important biomarkers for the invasion and
metastasis of cancer [22, 23]. In this study, we
found that MEF2D silencing in pancreatic can-
cer cells led to significant inhibition in cell
migration and invasion abilities, and this inhibi-
tion was due to the reduced expression of
MMP2 and MMP9 after the knockdown of
MEF2D.

Many studies have suggested that the Akt/
GSK-3p signaling pathway contributes to an
aggressive cancer phenotype in some human
malignances [24-26]. Thus, we further explored
whether MEF2D participates in the initiation
and progression of pancreatic cancer via the
Akt/GSK-3B signaling pathway. The results
showed that knockdown of MEF2D significantly
inhibited the amount of phosphorylated Akt
and GSK-3p, but did not obviously influence the
amount of total Akt and GSK-3[3. The biological
function of Akt requires the phosphorylation of
Akt; therefore, the amount of phosphorylated
Akt represents the activity of Akt [27]. In addi-
tion, GSK-3B, as an important downstream
target of Akt, plays crucial role in the Akt path-
way. Therefore, the oncogenic role of MEF2D
in pancreatic cancer appeared to involve the
Akt/GSK-3p signaling pathway.

In summary, our study suggested that the
expression of MEF2D was increased in pancre-
atic cancer cells and could serve as an inde-
pendent molecular prognostic factor for pan-
creatic cancer patients. Knockdown of MEF2D
in pancreatic cancer cells reduced cell prolifer-
ation, migration, and invasion abilities by down-
regulating cyclin B1, cyclin D1, and MMP2/9
expression, which involved the Akt/GSK-30 sig-
naling pathway.
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