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EFEMP2 is upregulated in gliomas and promotes glioma
cell proliferation and invasion
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Abstract: Gliomas are the most common and aggressive form of primary brain tumor. Although EGF-containing
fibulin-like extracellular matrix protein 2 (EFEMP2), an extracellular matrix (ECM) glycoprotein, is regarded as a
candidate oncogene, little is known about the association of EFEMP2 and gliomas. Here, the expression of EFEMP2
was significantly increased in glioma tissues (n=60) compared to non-tumorous brain tissues (n=25). Silencing
of EFEMP2 expression through RNA interference in two glioma cell lines (U87 and U373) remarkably inhibited
cell proliferation and G1/S transition. More importantly, EFEMP2 silencing significantly induced cell apoptosis via
increasing the ratio of Bax and Bcl-2. Additionally, knockdown of EFEMP2 significantly inhibited the invasive ability
of both glioma cells, which was associated with the downregulated expression of metalloproteinase-2 (MMP-2) and
MMP-9. In conclusion, expression of EFEMP2 was associated with the oncogenic potential of gliomas and silenc-
ing of its expression can suppress cancer cell growth and metastasis. Inhibition of EFEMP2 may be a therapeutic

strategy for gliomas.
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Introduction

Gliomas, arising from glia cells, are the most
common primary brain tumor [1]. According to
the World Health Organization (WHO) classifica-
tion, gliomas are classified into four grades (I,
I, Il and 1V), of which glioblastoma multiforme
(GBM, WHO grade IV ) is the most frequent and
aggressive malignant type [2]. Regardless of
recent advances in the diagnostic and thera-
peutic strategies, glioma remains one of the
most lethal cancer worldwide [3]. The median
survival of patients with GBM is still less than
one year [4]. The advances in glioma therapy
have been restricted because the pathophysi-
ological mechanisms underlying the develop-
ment of this disease are not fully known.
Therefore, elucidating the molecular mecha-
nism for the glioma development will help the
identification of novel therapeutic targets and
the development of strategies for glioma
treatment.

Fibulins are a family of extracellular matrix
(ECM) glycoproteins defined by epidermal
growth factor (EGF)-like domains, calcium-bind-

ing-EGF-like domains and a unique fibulin
C-terminal domain [5]. Gene-targeting experi-
ments in animal models [6-10] and the identifi-
cation of heritable diseases in humans [11-13]
have recently highlighted the importance of fib-
ulins in development and disease. EGF-
containing fibulin-like extracellular matrix pro-
tein 2 (EFEMP2, also known as MBP1 orfibu-
lin-4), a member of fibulins, has been reported
as a candidate oncogene [14]. The ectopic over
expression of EFEMP2 increased both neoplas-
tic transformation and tumor-cell growth in a
human Ilung carcinoma cell line. More-
over, EFEMP2 was found to be elevated in
human colorectal tumors at the mRNA level
[15]. However, it remains to be seen whether
EFEMP2 expression is also altered in gliomas
and whether it exerts biological functions in
gliomas.

In the present study, we found that EFEMP2
MRNA expression was significantly increased in
glioma tissues compared with non-neoplastic
brain tissues. Then, we investigated the biologi-
cal function of EFEMP2 in glioma cell lines by
RNA interference. We found that EFEMP2 was
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Figure 1. Over expression of EFEMP2 in glioma tis-
sues. The mRNA level of EFEMP2 in glioma and
non-neoplastic brain tissues collected from patients
admitted to Department of Neurosurgery, Renmin
Hospital of Wuhan University (Wuhan, China) be-
tween January 2008 and December 2009 was
detected by real-time PCR. EFEMP2 mRNA was sig-
nificantly higher in glioma tissues as compared with
non-neoplastic tissues (P<0.0001).

involved in multiple cellular progress including
cell proliferation, cell cycle progression, apop-
tosis and invasion. These data suggest that
EFEMP2 is a potent oncogene in glioma and a
possible target for the treatment of glioma.

Materials and methods
Tissue collection

Fresh frozen human tissue samples of 60 glio-
ma and 25 non-neoplastic brain tissues from
surgical procedures for epilepsy were obtained
from Department of Neurosurgery, Renmin
Hospital of Wuhan University (Wuhan, China)
between January 2008 and December 2009.
The research has been carried out in accor-
dance with the Declaration of Helsinki (2008)
of the World Medical Association. All investiga-
tions described in this study were performed
after written informed consent was obtained
and in accordance with the guidelines of the
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local independent ethics committee at
Department of Neurosurgery, Renmin Hospital
of Wuhan University (Wuhan, China).

Real-time reverse transcription PCR

Total RNA was extracted from tissue samples
or from the cell lines using Trizol reagent
(Invitrogen, Carlsbad, CA, USA) according to the
manufacturer’s instructions. cDNA was gener-
ated by using a first-strand cDNA synthesis kit
(Fermentas, Hanover, MD, USA), amplified by
using a standard SYBR Green PCR kit (Thermo
Fisher Scientific, Rockford, IL, USA) and loaded
on the 7300 Real-time PCR Detection System
(Applied Biosystems, Foster City, CA, USA). The
cycling parameters were as follows: 95°C for
10 min, followed by 40 cycles of 95°C for 15 s
and 60°C for 45 s. PCR primers used were as
follows: EFEMP2 (NM_016938.4), forward
primer: 5-CCCAGAGATTTGGACTTG-3’; reverse
primer: 5-GTTTGAGGCAGAGTTAGG-3’; GAPDH
(NM_001256799.1), forward primer: 5-CAC-
CCACTCCTCCACCTTTG-3’; reverse primer: 5'-
CCACCACCCTGTTGCTGTAG-3..

Cell culture and gene silencing

The human glioblastoma cell lines, U251,
SHG44, U373, U87 and U138 were from cell
bank of Shanghai Biology Institute, Chinese
Academy of Science (Shanghai, China) and
maintained in a humidified atmosphere with
5% CO, at 37°C. U373, U87 and U138 were cul-
tured in Eagle’s Minimum Essential Medium
(MEM, Hyclone, Logan, UT, USA), while U251
and SHG44 cells were cultured in Dulbecco’s
modified Eagle’s medium (DMEM, Hyclone). All
culture media were supplemented with 10%
fetal bovine serum (FBS, Hyclone) and 100 U/
mL penicillin/streptomycin (Gibco, Carlsbad,
CA, USA).

Small interfering (si) RNA oligonucleotides tar-
geting EFEMP2 (siEFEMP2) and non-silencing
siRNA (siNC) were purchased from GenePharma
(Shanghai, China). Two glioma cell lines, U87
and U373 were transfected with siEFEMP2 or
siNC using Lipofectamine 2000 (Invitrogen). All
the following assays were performed 48 h after
transfection.

Western blot analysis

Cell lysates were extracted with RIPA cell lysis
buffer with protease inhibitor cocktail (Sigma,
St. Louis, MO, USA). Protein samples were sub-
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Figure 2. Knockdown of EFEMP2 expression by siRNA transfection. EFEMP2 expression level in five glioma cell lines
was analyzed by real-time PCR (A) and Western blot (B). (C, D) RNAI efficiency of EFEMP2 in U87 and U373 cells
was analyzed by real-time PCR (C) and Western blot (D). GAPDH was also detected as the control of sample loading.
Representative western blots (left panel) and quantitative results (right panel) were shown. siNC: scrambled siRNA

transfected cells; sSiEFEMP2: EFEMP2-siRNA transfected cells (***P<0.001 V.S. siNC).

jected to SDS gel electrophoresis and immu-
noblotting using antibodies against EFEMP2,
Bcl-2, Bax, matrix metalloproteinase-2 (MMP-
2), MMP-9 (Abcam, Cambridge, MA, USA),
cleaved caspase 3, GAPDH (Cell Signaling
Technology, Danvers, MA, USA). Detection of
specific proteins was performed with enhanced
chemiluminescence (ECL, Millipore, Bredford,
USA). Band density was measured (Imagel
software) and normalized to GAPDH.

Cell viability assay

Cell viability was assayed using the Cell
Counting Kit-8 (CCK-8, Dojindo Laboratories,
Tokyo, Japan) as described by the manufactur-
er's protocol. Briefly, cells were transfected
with siEFEMP2 or siNC. After 2 days, transfect-
ed and WT cells were seeded onto 96-well
plates at a density of 5x10° cells per well and
incubated for 1, 2 or 3 days. Cells were then
incubated with CCK-8 solution for 1 h. The
absorbance value (optical density) of each well
at 450 nm was measured. For each experimen-
tal condition, three wells were used. All experi-
ments were repeated at least three times.

Analysis of cell cycle distribution
Treated and untreated cells were harvested,

fixed in 70% ethanol at-20°C overnight, washed
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in PBS, and stained with 0.1 mg/ml propidium
iodide (PI, Sigma) containing 1 mg/ml RNase A
for 30 min at 37°C. DNA content was then ana-
lyzed on a FACScan flow cytometry.

Evaluation of cell apoptosis by flow cytometry

The percentage of cells actively undergoing
apoptosis was determined. Treated and
untreated cells were harvested, double-labeled
with Annexin V-fluorescein isothiocyanate (FITC)
and Pl apoptosis detection kits (KeyGEN
Biotech., Nanjing, China), and analyzed using a
FACS can flow cytometry. The experiments were
performed in triplicate.

Cell invasion assays

In vitro cell invasion assays were performed
using 24-well transwell chambers (8-um pores,
Coring Incorporated, NY, USA) with Matrigel-
precoated membrane. The treated and untreat-
ed cells were cultured in the top chamber with
serum-free media at a density of 5x10% cells
per well. In the lower chamber, media with 10%
FBS was added as chemoattractant. After 24 h,
the chamber was gently wiped to remove cells
on the top of the membrane. Invaded cells were
fixed in 4% paraformaldehyde, stained with
0.5A% crystal violet solution and counted in five
fields (x200) under a microscope.

Int J Clin Exp Pathol 2015;8(9):10385-10393



EFEMP2 overexpression and gliomas

>

1.0 B

1.0
-e- U87 -e- U373
o 0.8] = siNC o 0.8] -= siNC
% —— siEFEMP2 % -« sSiEFEMP2
> 0.6 > 0.6
=} =]
10 * k% n k%K
<+ 0.4 <+ 0.4
a a
c 0.2 © 0.2
0.0 T T T L] T 0.0 L] T L] T L
oh 12zh 24h 48h 72h oh 12h 24h 48h 72h
C
us7 SiNC SIEFEMP2
Gl =454 G1 =4452 F G1 =66.16 . Gz‘lM
- §= 2045 N §=12397 - dddk
a0 G2=3008 | 2007 c2=2804 | 400 st 1004 Os
2 g0 . Go/G1
150 150 55 g" 1
‘l'._.' 60
100 4 100 - 00 8
04
50 E 4
504 /\ 4 “ 100 4 ! 20]
: BB | A\
T T T T T ! ~ T - - 0
0 100K 200K 300K 400K 500K 0 100K 200K 300K 400K 500K 100K 200K 300K 400K 500K Uss NC siEFEMP2
D . .
U373 siNC SIEFEMP2 S
61 =4159 - = G1 =6192 *k%
§=3027 b v Y =231 1004 0s
- 62 =2237 62 =2332 62 =1505 g ol - Go/G1
&0
1004 3o o
s 604
100 - 5
& £ 40
504 o
50 /\ \ M 100 ~ 204
¢ " A
) 8 B
: D, S/ SN R\
0 100K 200K 300K 400K 500K 0 100K 200K 300K 400K 500K 100K 200 300K 400K 500K U373 NC siEFEMP2

Figure 3. Silencing of EFEMP2 suppressed cell growth and G1/S phase transition in glioma cells. A, B: Cell prolifera-
tion was detected by CCK-8 assay in U87 and U373 cells. C, D: Cell cycle profile was analyzed using Pl staining and
flow cytometry. siNC: scrambled siRNA transfected cells; sSiEFEMP2: EFEMP2-siRNA transfected cells (**P<0.01,

**%pP<0.001 V.S. siNC).

Statistical analysis

Data are presented as mean + S.D of at least
three independent experiments performed in
triplicate. Two-tailed Student’s t-test was used
for comparisons between groups. Differences
were considered statistically significant when
P<0.05.

Results

EFEMP2 mRNA was overexpressed in human
glioma tissues

We first analyzed EFEMP2 mRNA levels in 60
snap-frozen glioma tissues and 25 non-neo-
plastic brain tissues by real-time PCR. EFEMP2
expression was up-regulated in glioma tissues
(1.394£0.07), compared with non-neoplastic
brain tissues (0.64+0.06, Figure 1, P<0.0001).
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Knockdown of EFEMP2 expression by siRNA
transfection

To investigate the functional role of EFEMP2 in
glioma cells, its expression was detected in
diverse glioma cell lines. mRNA (Figure 2A) and
protein levels (Figure 2B) of EFEMP2 were high-
er in U373 and U87 cells, which were chosen
for the following assays. As shown in Figure 2C
and 2D, EFEMP2-siRNA efficiently suppressed
endogenous EFEMP2 expression in both glio-
expression
remained unaffected in siNC-transfected cells.

ma cells, whereas EFEMP2

Silencing of EFEMP2 inhibited growth and cell
cycle progression of glioma cells

Subsequently, cell proliferation was detected
by CCK-8 assay (Figure 3A and 3B). Silencing of

Int J Clin Exp Pathol 2015;8(9):10385-10393
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Figure 4. EFEMP2 knockdown induced cell apoptosis in glioma cells. A, B: Cells were stained with Annexin V-FITC/
Pl and apoptotic rates were analyzed using flow cytometry. C, D: Expression of apoptotic factors, cleaved caspase 3,
Bcl-2 and Bax was evaluated by western blot. siNC: scrambled siRNA transfected cells; siEFEMP2: EFEMP2-siRNA
transfected cells (*P<0.05, **P<0.01, ***P<0.001 V.S. siNC).
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Figure 5. Suppressing EFEMP2 expression repressed cell invasion in glioma cells. A, B: Invasion assay of control
and EFEMP2 knockdown cells in Matrigel-coated transwell chambers. Cells that invaded into the lower well were
stained, photographed and counted under a microscope in five fields (x200). Representative images and quantita-
tive results of cell invasion assay were shown. C, D: Expression of MMP-2 and MMP-9 was evaluated by Western
blot. siNC: scrambled siRNA transfected cells; siEFEMP2: EFEMP2-siRNA transfected cells (*P<0.05, **P<0.01,

**%pP<0.001 V.S. siNC).

EFEMP2 led to a significant reduction at 24 h,
48 h and 72 h in viability compared with siNC
group both in U87 and U373 cells (P<0.01). The-
se results indicated the inhibitory role of EFE-
MP2-siRNA in the proliferation of glioma cells.

To explore whether EFEMP2 affected the cell
cycle of glioma cells, cell cycle distribution was
then evaluated by PI staining and flow cytome-
try analysis (Figure 3C and 3D). Our data
revealed that EFEMP2-siRNA transfection
induced a remarkable G1 cell cycle arrest.
Compared with the corresponding control cells,
the population of GO/G1 phase cells in U87
and U373 with EFEMP2 silenced was signifi-
cantly increased by 42.5% and 41.6%, respec-
tively (P<0.001).

Knockdown of EFEMP2 induced apoptosis of
8lioma cells

We then assessed the apoptotic function of
EFEMP2 in glioma cells by Annexin V-FITC/PI
staining assay. As shown in Figure 4A and 4B,
knockdown of EFEMP2 in both glioma cells
resulted in a notable increase in cell apoptosis
compared with corresponding control cells.

The effects of EFEMP2 siRNA on the protein
levels of apoptosis regulating proteins, cleaved
caspase 3, Bax and Bcl-2 were investigated.
EFEMP2 knockdown in U87 and U373 cells sig-
nificantly increased the expression of the apop-
tosis marker protein (cleaved caspase 3) and
apoptosis promoting protein (Bax), but notably
decrease the expression of the anti-apoptosis
protein (Bcl-2) (Figure 4C and 4D). The ratio of
Bax/Bcl2 was significantly increased when
EFEMP2 expression was suppressed. These
results indicated the anti-apoptosis role of
EFEMP2 in glioma cells.

Silencing of EFEMP2 suppressed the invasive
ability of glioma cells

To investigate the function of EFEMP2 in the
metastasis, the invasive ability of U87 and
U373 cells were evaluated by transwell assay
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(Figure 5A and 5B). Silencing of EFEMP2
expression significantly reduced the invasive
ability of both glioma cells compared with con-
trol cells. The number of invaded knockdown
cells was about 60.2% and 56.1% of that of the
control cells in U87 and U373 cells, respective-
ly (U87: WT, 83+9; siNC, 8315; siEFEMP2,
50+6; U373: WT, 80+9; siNC, 82+13; siEF-
EMP2, 46+5). These data suggested a promo-
tion role of EFEMP2 in glioma cell invasion.

Moreover, the expression levels of important
factors to regulate invasion were then estimat-
ed by Western blot. The mRNA and protein lev-
els of MMP-2 and MMP-9 were significantly
down-regulated by EFEMP2 knockdown in both
glioma cells. These results further indicated
that the EFEMP2 played an important role in
the invasion of glioma cells.

Discussion

A previous study has proposed that EFEMP2 is
an oncogene by in vitro experiments [14]. High
expression of EFEMP2 is observed in colorectal
cancer [15, 16] although its functions in tumors
are not known. Hu et al. identified fibulin-3,
another member of fibulins, as proinvasive mol-
ecule specific to the glioma ECM [17]. In the
present study, we found that EFEMP2 mRNA
levels were raised in glioma tissues, which sug-
gested a role of EFEMP2 in gliomas (Figure 1).
Then we investigated the biological functions of
EFEMP2 in two glioma cell lines (U87 and U373)
by suppressing its expression.

Uncontrolled proliferation is a hallmark of can-
cer cells. Here, we found that knockdown of
EFEMP2 in glioma cells significantly sup-
pressed cell growth (Figure3A and 3B).
Deregulation of cell cycle occurs frequently in
most common malignancies, resulting in aber-
rant cell proliferation [18]. Suppressing of
EFEMP2expression by siRNA significantly
induced G1-phase arrest of cell cycle progres-
sion (Figure 3C and 3D), which indicated that
the repression of cell proliferation is owing to
cell cycle inhibition. Furthermore, Gl-phase

Int J Clin Exp Pathol 2015;8(9):10385-10393
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arrest cells either undergo repairing or apopto-
sis process. Apoptosis is considered as a pro-
tective mechanism against cancer progression
[18]. Here, our data demonstrated that silenc-
ing of EFEMP2 resulted in a significant induc-
tion of apoptosis by Annixin V-PI staining in glio-
ma cells (Figure 4A and 4B), which was further
confirmed by the increased expressed of apop-
tosis marker [19], cleaved caspase 3 (Figure
4C and 4D). The proteins of the Bcl-2 family
either promote (e.g., Bax) or inhibit programmed
cell death (e.g., Bcl-2) [20]. EFEMP2 knockdown
notably increased Bax expression, but
decreased Bcl-2 expression (Figure 4C and
4D), which suggested that EFEMP2 siRNA pro-
moted cell apoptosis via up-regulating the ratio
of Bax/Bcl-2. Because of its anti-apoptosis role
in gliomas, EFEMP2 may be a potential therapy
target worth further investigation.

Glioma cells have highly invasive ability to
invade adjacent areas by degrading ECM com-
ponents and diffusing into normal brain tissue
[21]. Matrix metalloproteinases, including
MMP-2 and MMP-9, play a critical role in tumor
invasion and metastasis [22]. Here, our data
indicated that EFEMP2 siRNA notably inhibited
the invasion of glioma cells, and decrease the
expression of MMP-2 and MMP-9 (Figure 5).
Taken together, we speculated that EFEMP2
may perform its invasion-promoting function
through regulating MMP-2 and MMP-9.

In summary, our study provides for the first time
that EFEMP2 was overexpressed in glioma tis-
sues. In addition, our data indicated that
EFEMP2 played an essential role in the prolif-
eration, apoptosis and invasion of glioma cells.
EFEMP2 is a potentially important, tumor-spe-
cific, highly accessible ECM target for therapy
strategies of gliomas.
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