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Abstract The expression of Ezrin-radixin-moesin-bind-
ing phosphoprotein-50 (EBP50) and the intragenic muta-
tion of the ebp50 gene have been reported to correlate with
human breast cancer development, but the exact impacts on
breast cancer development and its molecular mechanism
are not fully understood. In this study, we investigate the
potential function of EBP50 through over-expression in the
breast cancer cell line, MDA-MB-231, which has low
EBP50 protein expression levels. The effects of EBP50
over-expression on cellular proliferation, anchorage-inde-
pendent growth and apoptosis were examined. In addition,
the activity of extracellular signal-regulated kinase (ERK)
was also determined. Our results show that a decrease of
cellular proliferation and attenuation of colony-forming
ability were evident in MDA-MB-231 cells stably trans-
fected with an EBP50 expressing plasmid (EBP-231) when
compared with control cells. There was also a statistically
significant increase in spontaneous apoptosis in EBP-231
cells accompanied by an attenuation in ERK activity.
Altogether, our results suggest that restoring EBP50
expression could suppress breast cancer cell proliferation
by promoting cell apoptosis and inhibiting ERK activity,
and that EBP50 may be a target for development of diag-
nostics and therapeutics in breast cancer.
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Abbreviations

EBP50 Ezrin-radixin-moesin-binding phosphoprotein-50
NHERF1 Na'/H* exchanger regulatory factor 1

ER Estrogen receptor

ERK The mitogen-activated protein kinases
extracellular signal-regulated kinase

PDZ Postsynaptic density-95/Discs Large/Z0O-1

GPCR G protein-coupled receptor

PTEN Phosphatase and tensin homolog deleted
on chromosome 10

NF2 Neurofibromatosis 2

SYK Spleen tyrosine kinase

PDGFR  Platelet-derived growth factor receptor

EGFR Epidermal growth factor receptor

ATCC American type culture collection

DMEM Dulbecco’s modified Eagle’s medium

PI Propidium iodide

ANOVA  Analysis of variance
FBS Fetal bovine serum
CCK-8 Cell counting kit-8

HA Hemagglutinin

MAPK The mitogen-activated kinase

MEF Mouse embryonic fibroblast

STATI Signal transducers and activators
of transcription 1

PI3K PI-3’-OH kinase

Introduction

Ezrin-radixin-moesin-binding phosphoprotein 50 (EBP50,
also Na*/H* exchanger regulatory factor 1, or NHERFI,
NHERF) is an adaptor protein, consisting of two tandem
PSD-95/Discs Large/Z0-1 (PDZ) domains linked to a
carboxyl-terminal ezrin-binding region. Through these
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functional domains, EBP50 interacts with many proteins,
including ion transporters, G protein-coupled receptors and
some cancer-related proteins, such as phosphatase and
tensin homolog deleted on chromosome 10 (PTEN)
(Takahashi et al. 2006), neurofibromatosis 2 (NF2)
(Murthy et al. 1998), spleen tyrosine kinase (Dai et al.
2004), platelet-derived growth factor receptor (PDGFR)
(Maudsley et al. 2000), epidermal growth factor receptor
(EGFR) (Lazar et al. 2004) and f-catenin (Kreimann et al.
2007; Shibata et al. 2003).

Recent research suggests that EBP50 is a potential
tumor suppressor, especially in breast cancer (Cardone
et al. 2007; Kreimann et al. 2007; Song et al. 2007,
Takahashi et al. 2006). The up-regulation of EBP50
expression had been found to positively correlate with
lower tumor invasiveness in breast cancer cell lines
(Schindelmann et al. 2002). The EBP50 allele was found to
be deleted in over 58% of 48 breast cancer cell lines (Dai
et al. 2004; Pan et al. 2006), strongly correlating with
aggressive features of breast cancer, such as tumor size and
disease stage. EBP50 missense mutations (K172N, R180W
and D301V) were reported in primary breast tumor and two
breast cancer cell lines, MDA-MB-231 and SUM 149PT,
respectively (Dai et al. 2004; Pan et al. 2006). Pan et al.
(2006) knocked down the expression of EBP50 in MCF7
and T47D breast cancer cell lines, and found that this
resulted in enhanced cellular growth. However, there is
some controversy about the role of EBP50 in tumor
growth: up-regulation of EBP50 expression has been sig-
nificantly correlated with high tumor stages, metastatic
progression, poor prognosis and estrogen receptor (ER)
status in a large numbers of breast tumor samples (Cardone
et al. 2007; Song et al. 2007), suggesting it is an oncogenic
protein. As such the roles of EBP50 in breast cancer
development need to be explored further.

In this study, we examined the effects of EBP50 over-
expression on tumor cell growth, anchorage-independent
growth and apoptosis in the EBP50-deficient breast cancer
cell line MDA-MB-231. We also detected ERK activation
following EBP50 over-expression. Our results show that
EBP50 over-expression could inhibit MDA-MB-231 cell
growth, increase spontaneous cellular apoptosis and repress
ERK activation. Thus, our data support a role for EBP50 in
suppressing tumor cellular growth through the promotion
of cell apoptosis and the inhibition of ERK activation.

Materials and methods
Cell lines and plasmids

The human breast cancer cell line MDA-MB-231 and
human cervical carcinoma cell line HelLa obtained from
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the American Type Culture Collection (ATCC, Manassas,
VA, USA) were cultured in RPMI 1640 medium (Hy-
clone, Logan, UT, USA) and Dulbecco’s modified Eagle’s
medium (DMEM) (Forni et al. 2009), respectively, at
37°C and 5% CO,. Both media were supplemented with
10% fetal bovine serum (FBS, Hyclone) and 1% antibi-
otic—antimycotic agent (Life Technologies, Inc, Grand
Island, NY, USA). The pBK-CMV-HA-EBP50 plasmid
was kindly provided by Dr. Randy Hall from Emory
University.

Stable transfection

Cells were transfected with pBK-CMV-HA-EBP50 plas-
mid or pPBK-CMV-HA vector using FuGENE6 (Roche,
Indianapolis, IN, USA) or PolyFect Transfection Reagent
(Qiagen, Hilden, Germany) following the protocol reported
previously (Konno et al. 2009). After 24-h transfection,
cells were trypsinized, diluted (1:10 to 1:15) and reseeded
into 10-cm culture dishes. Stable transfected cells were
obtained by using selection medium (culture medium with
350 pg/mL G418) (Hu et al. 2008). Single-cell clones were
isolated for clone expansion. Each cell clone was screened
by western blotting to determine the exogenous level of
EBP50 protein expression. Stable transfected cell clones
were maintained and passaged in culture medium with
G418 (200 pg/mL).

Cell proliferation assay

The cell-counting kit-8 (CCK-8, Dojindo, Kumamoto,
Japan) colorimetric assay was used to determine cell
proliferation and viability as reported previously (Takeu-
chi et al. 2003). Experiments were repeated three times in
quadruplicate wells to ensure the reproducibility of
results.

Western blotting

Western blotting was performed as described before
(Zheng et al. 2009). The phospho-extracellular signal-reg-
ulated kinase (Phospho-ERK) assay was preformed as
previously described (Zheng et al. 2008). Blots were
quantified using the US National Institutes of Health
Image 1.62 program. Protein levels were normalized with
f-actin, and the level of phospho-ERK immunoreactivity
was normalized to the total ERK immunoreactivity. The
primary antibodies used were specific for the Hemagglu-
tinin epitope tag (HA) (MBL, Nagoya, Japan), EBP50 (BD
Biosciences, San Jose, CA, USA), actin (Sigma Chemical
Corp., St. Louis, MO, USA), phospho-ERK1/2 (Thr 202/
Tyr 204) (Cell Signaling Technology, Beverly, MA, USA)
and total ERK (Cell Signaling Technology), respectively.
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Soft agar colony formation assay

Anchorage-independent growth was assessed by the colony
formation in soft agar, with triplicate experiments for each
set of conditions (Kreimann et al. 2007). Briefly, a base
layer of 0.6% agar (DNA grade, Invitrogen, Carlsbad, CA,
USA) was placed into six-well tissue culture plates (Costar,
Corning, NY, USA). Cells (5 x 103) were suspended in
0.35% top agar with medium over the base layer. Top agar
was covered with culture medium. Cells were grown at
37°C in a humidified 5% CO, atmosphere. Medium was
changed every 3-5 days. On the 14th day, colonies were
photographed using phase contrast microscopy at x5 and
colonies greater than 25 pum in diameter were counted. The
degree of anchorage-independent growth was calculated
using the following equation for determining percent col-
ony-forming efficiency: (number of colonies counted on the
14th day/number of cells seeded at start of assay) x 100.

Cellular apoptosis assay

Cell apoptosis (I x 10°/mL) was assessed by annexin-V/
propidium iodide (PI; BD Clontech, Palo Alto, CA, USA)
double-labeled flow cytometry and a Epics XL flow
cytometer (Beckman-Coulter, Miami, FL, USA) (Reddy
Avula et al. 2002). Results were analyzed with CellQuest
software (Becton—Dickinson, Mountain View, CA, USA).
Percentages of apoptotic cells were determined as the
fractions of cells with hypodiploid DNA content. Total
populations of viable cells were gated according to their
typical forward and right-angle light scatter. Cells treated
with fluorescent dye were evaluated in each experiment to
determine the level of background fluorescence for nega-
tive cells. The percentage of cells stained for Annexin-V or
PI/Annexin-V was determined. Only the positive cells were
taken into account.

Statistics

All experiments were repeated three times. Results were
analyzed using SPSS 11.5 statistical software. All data are
presented as means + SD. Growth curve results were
analyzed by two-way analysis of variance followed by
Tukey’s multiple comparison test. Other results were
analyzed by independent sample T test.

Results
Generation of EBP50 stable transfected cell clones

EBP50 stable transfected cell clones, MDA-MB-231-
EBP50 (EBP-231) and HeLa-EBP50 (EBP-Hela), were
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Fig. 1 Establishment of cancer cells stably over-expressing EBP50. a
MDA-MB-231 breast cancer cells stably over-expressing EBP50.
MDA-MB-231 breast cancer cells on 35-mm wells were transfected
with human EBP50 cDNA expression construct or pBK-CMV-HA
vector alone using FuGENES6. 2 days following transfection, cells
were transferred to 100-mm plates and cultured in medium with
350 pg/ml neomycin. The medium was changed every 2 days to
remove floating dead cells, and neomycin-resistant colonies formed
were harvested using cloning cylinders and plated on 24-well plates.
Cell cultures were expanded, and fractions were used for analysis of
EBP50 expression by western blotting. f-actin was determined on the
same blot as a protein-loading control. b HeLa cells stably over-
expressing EBP50. Method is the same as in a

generated by transfection with pBK-CMV-HA-EBP50
plasmid and subsequent selection. MDA-MB-231 and
HeLa cells were also transfected with a neo-pBK-CMV-
HA vector to establish vector control cells. The identifi-
cation of EBP50 stable transfected cell clones by western
blotting is shown in Fig. 1. Among these cell clones,
EBP2-231 and EBP3-231 expressed similar levels of
EBP50 protein, which is only as much as two-thirds of the
protein level of EBP50 in EBP1-231. EBP1-HeLa and
EBP3-HeLa cells expressed similar levels of EBP50 pro-
tein, both approximately twofold higher than EBP2-HeLa
cells. The protein levels of EBP50 remained unchanged
after 25 passages, suggesting that the exogenous EBP50
gene was stably expressed. No HA-tagged EBP50 protein
expression was detected in the vector control clones.

EBP50 over-expression suppresses cancer cell growth

First, we detected the effect of EBP over-expression on the
proliferation of MDA-MB-231 cells by measuring the
number of viable cells at different time points. Data from
representative clones are shown in Fig. 2. The results show
that over-expression of EBP50 significantly inhibited cell
proliferation when compared with the vector control cells.
Especially, the EBP1-231 clone, expressing the highest
levels of EBP50, showed the slowest proliferation rate,
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Fig. 2 EBP50 over-expression suppresses tumor cell growth.

a Growth curve for pBK-CMV-HA vector-transfected (HA-231) or
EBP50-transfected MDA-MB-231 cells (EBP-231). Cells on 96-well
plates were cultured in medium with 10% serum. Cell numbers were
determined by CCK-8 colorimetric assay. Error bars indicate SD
from measurement of quadraplicate plates. Data shown are represen-
tative of three independent experiments using CCK-8 colorimetric
assay. EBP50 can inhibit the proliferation ability of MDA-MB-231
significantly (P < 0.05). b Growth curve for pPBK-CMV-HA vector-
transfected or HA-EBP50-transfected HeLa cells. Method is the same
as a. Data shown are representative of three independent experiments
using CCK-8 colorimetric assay. EBP50 can inhibit the proliferation
ability of HeLa cells significantly (P < 0.01)

indicating that restoring EBP50 expression in EBP50
deficient MDA-MB-231 cells inhibited tumor cell prolif-
eration. This result also suggests that the level of EBP50
protein expression may correlate with the ability to inhibit
tumor cell proliferation.

To investigate whether this phenomenon is specific to
MDA-MB-231 cells or occurs in other cancer cell lines, the
growth ability of HeLa cells was then detected. The results
were that EBP50 over-expression also suppressed HeLa
cell proliferation. Again, EBP1-HeLa and EBP3-HeLa
clones, expressing higher level of EBP50 protein showed
slower proliferation rates than EBP2-HeLa cells, revealing
a dose-dependent growth-suppressive ability of EBP50.

To examine whether the growth-inhibitory activity of
EBP50 can be attributed to an effect on cell cycle pro-
gression, we first compared the cell cycle distribution of
asynchronised MDA-MB-231, MDA-MB-231-EBP50,
HeLa and HeLa-EBP50 cells by fluorescence-activated cell
sorting (FACS) analysis. No significant difference was
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observed in Gy/G; or G,/M phase populations between the
two groups of cells over-expressing EBP50 and vector
control cells (data not shown). Subsequent analysis found
that cell cycle progression of cells over-expressing EBP50
from G1 to S phase was unchanged, only M phase entry
was a little slower than the vector control cells. However, a
typical subdiploid peak in front of Gy/G; phase was
observed by flow cytometry in cells over-expressing
EBP50. Cells in subdiploid (or sub-G1) region preceding
the GO/G1 peak, which represent cells with less than a
normal diploid complement of DNA, were considered as
cells undergoing apoptosis-associated DNA degradation.

EBP50 over-expression leads to less aggressive in vitro
features in cancer cells

Next, we explored whether EBP50 over-expression could
result in decreased anchorage-independent growth in can-
cer cells. As shown in Fig. 3a, clones over-expressing
EBP50 have smaller colony sizes in soft agar than control
cells, and the colony formation ratio of EBP50 over-
expressing cell clones reduced up to 40% when compared
with the controls, suggesting that EBP50 over-expression
inhibited anchorage-independent growth ability for MDA-
MB-231 cells. In HeLa cells, EBP50 over-expression also
exhibited an anti-tumorigenesis ability, leading to the col-
ony formation ratio of EBP50-expressing cell clones
reduced up to 96% (Fig. 3b).

EBP50 over-expression promotes MDA-MB-231 cell
apoptosis

Significant differences in cell cycle distribution and pro-
gression were not observed between cells over-expressing
EBP50 and controls. However, a sub-G1 peak was seen in
EBP50 over-expression cells, indicating a potential
increase in cell apoptosis, which was further investigated
using an annexin-V/propidium iodide assay. As shown in
Fig. 4, spontaneous apoptosis in cells over-expressing
EBP50 (9.23 £ 2.97)% increased up to fourfold when
compared with controls (2.23 + 1.41)% (P < 0.05), indi-
cating EBP50 over-expression enhances apoptosis in
MDA-MB-231 cells.

EBP50 over-expression inhibits ERK activation
in MDA-MB-231 cells

The ERK survival pathway plays an important role in
inhibiting cell apoptosis (Jo et al. 2007) and ERK activa-
tion has been reported to be regulated by EBP50 (Lazar
et al. 2004). So the possibility of EBP50 over-expression
promoting MDA-MB-231 cell apoptosis via inhibition of
the ERK survival pathway was investigated. The results are
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Fig. 3 EBP50 over-expression suppresses anchorage-independent
growth of cancer cells in soft agar and alters the number of soft
agar colonies. a MDA-MB-231 cells expressing HA-tagged form of
EBP50 or vector control cells (5 x 103) were mixed with 2 x 1,640
medium and seeded in upper layer of 0.6% soft agar. Percentages of
colonies for EBP-231 clone cells (expressing EBP50) were signifi-
cantly reduced compared with that for HA-231 (control) (n = 3,
P < 0.05). b HeLa cells expressing HA-tagged form of EBP50 or
vector control cells (5 x 10%) were mixed with 2 x DMEM and
seeded in the upper layer of 0.6% soft agar. The ratio of colonies for
EBP-HeLa cells (over-expressing EBP50) decreased significantly
compared with that for HA-HeLa (control) (n = 3, P < 0.01)
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Fig. 4 EBP50 over-expression increases the percentage of apoptosis
in MDA-MB-231 cell. MDA-MB-231 cells stably transfected with
pBK-CMV-HA vector or pBK-CMV-HA-EBP50 plasmid were
cultured on 90-mm plates in medium with 10% serum. Cell apoptosis
was analyzed by Annexin V-FITC/propidium iodide staining and
FACS. Error bars indicate SD from measurement of triplicate plates.
Data shown are representative of three independent experiments.
P < 0.05 compared with control

shown in Fig. 5. The level of ERK activation decreased
30% in cells over-expressing EBP50 (P < 0.01), indicating
that EBP50 inhibits ERK activation in MDA-MB-231
cells.
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Fig. 5 EBP50 over-expression inhibits ERK activity in MDA-MB-
231 cells. MDA-MB-231 cells stably transfected with pPBK-CMV-HA
vector or pBK-CMV-HA-EBP50 plasmid were grown to 70%
confluency and starved overnight in 0.5% FCS, then treated for
10 min with 10% FCS at 37°C. Cells were solubilized in 1x SDS-
PAGE sample buffer. Phosphorylation of ERK in whole cell lysates
was detected by western blot analysis using an anti-phospho-ERK1/2
antibody. The data presented is representative of a minimum of three
independent experiments. a Representative experiment showing
serum-induced ERK1/2 phosphorylation. b Average results depicting
means £ SD of three independent clones. Results were normalized to
the expression of total ERK1/2. P < 0.01 compared with control

Discussion

In the present study, we examined the phenotypic changes
and molecular mechanisms resulting from EBP50 over-
expression in MDA-MB-231 cells, in which the ebp50
gene is mutated and EBP50 protein is expressed at very
low levels. We found that EBP50 over-expression inhibited
cancer cell proliferation. The proliferation rate of MDA-
MB-231 cells over-expressing EBP50 was slower than that
of vector control cells (Fig. 2). In soft agar assay, the
colony formation efficiency of cells over-expressing
EBP50 was significantly less than that of control cells,
indicating that EBP50 over-expression can inhibit anchor-
age-independent growth of breast cancer cells. No signifi-
cant cell cycle arrest was found (data not shown), but there
existed a typical sub-G1 peak in cells over-expressing
EBP50, indicating possible cell apoptosis induced by
EBP50 over-expression. Further investigation showed that
EBP50 did cause increased cell apoptosis and lower ERK
activation. It has been reported that EBP50 knockdown
could promote breast cancer cell proliferation through
enhanced G1-S transition and higher levels of cyclin E
(Pan et al. 2006). Taken together, EBP50 appears to be a
potential tumor suppressor protein in the mammary gland.
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To determine whether growth inhibition by EBP50 was
a breast cancer cell-specific event, the experiments were
reconstructed using EBP-HeLa cells, which has endoge-
nous EBP50 expression. As the results show in Figs. 2b
and 3b, EBP50 over-expression in HeLa cells also resulted
in significant growth inhibition when compared with con-
trol cells, suggesting EBP50 has a growth-inhibition
activity in cervical cancer cells as well. In some breast
cancer cell lines, such as T47D and MCF7, EBP50 is
expressed and did not show tumor-suppressive activity, but
if EBP50 expression was knocked down in these cells, their
malignant phenotype is further enhanced (Pan et al. 2006).
This suggests that in these tumor cells where EBP50 pro-
tein is expressed, its expression level might be insufficient
to prevent proliferation. In addition, EBP50 has been
reported to have more than 30 binding partners (Georgescu
et al. 2008), and insufficient EBP50 expression in some
tumor cells could perhaps lead to its inability to bind with
tumor suppressor proteins and to exert its anti-tumor
function. Another cause could be that different cell lines
and tissues have different genetic backgrounds. Even if
their ebp50 genes lead to the same expression level of the
protein, EBP50 could bind with different partners and exert
different functions in different genetic backgrounds.

As a scaffold protein, the functions of EBP50 are
diverse and dependent on its binding partners. EBP50 may
exert tumor-promoting function through working cooper-
atively with f-catenin in the development of liver cancer
(Shibata et al. 2003). It may also act as a tumor suppressor
in breast cancer cell lines and primary tumors (Dai et al.
2004; Pan et al. 2006; Takahashi et al. 2006; Kreimann
et al. 2007; Curto et al. 2007). The molecular mechanisms
through which EBP50 exerts its tumor suppressor functions
are also diverse. EBP50 is able to cluster with other
membrane receptors in different parts of the plasma
membrane. EBP50 has also been shown to form a protein
complex involving EGFR and NF2 at the adherens-junc-
tions (Curto et al. 2007). This interaction prevents EGFR
from internalizing and signaling. Similarly, EBP50 binds to
PDGFR (Maudsley et al. 2000) and bridges ternary com-
plexes with NF2 (James et al. 2004). Activated PDGF
signaling has been shown to prevent cells from undergoing
apoptosis during epithelial mesenchymal transition and
thus promote breast cancer progression and metastasis
(Jechlinger et al. 2006; Ostman and Heldin 2007). PTEN
tumor suppressor is a phosphoinositide phosphatase that
antagonizes the activity of the PI-3’-OH kinase (PI3K)
(Maehama 2007). EBP50 can also link PDGFR and the
PTEN tumor suppressor in a ternary complex in normal
mouse embryonic fibroblasts (Takahashi et al. 2006) and
breast cancer cells (Pan et al. 2008) to attenuate PDGFR
signaling (Takahashi et al. 2006; Pan et al. 2008) and
possibly to promote apoptosis. That is, the ternary complex
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mediated by EBP50 restricts the activity of the PI3K
pathway after PDGF stimulation. In our study, we found
that EBP50 expression could suppress breast cancer cell
proliferation by promoting cell apoptosis and inhibiting
ERK activation.

The mitogen-activated kinase (MAPK) cascade is an
evolutionarily conserved signaling pathway controlling
cellular proliferation and differentiation (Seger and Krebs
1995). It is also responsible for mediating survival signal-
ing (Rygiel et al. 2008). One key member of the MAPK
pathway is ERK, which has been implicated in tumor
development. Constitutively active ERK may cause deg-
radation of signal transducers and activators of transcrip-
tion (e.g. STAT1), leading to the loss of its pro-apoptotic
and tumor suppressor functions (Soond et al. 2008). Inhi-
bition of ERK/MAPK signaling induces increased apop-
tosis in various cell lines (Goel et al. 2007; Li et al. 2007;
Stevens et al. 2007) including MDA-MB-231 (Jo et al.
2007). It has been reported that EBP50 may associate with
AKT and inhibit ERK signaling through a B-Raf-mediated
pathway (Wang et al. 2008). ERK activation mediated by
transactivation of EGFR is also regulated by EBP50
(Sneddon et al. 2007). In this study, we found that EBP50
over-expression caused apoptosis. The induction of apop-
tosis by over-expression of EBP50 in our cell types likely
depends on levels of both EBP50 and its principal partners,
such as EGFR (Curto et al. 2007), NF2 (James et al. 2004),
PDGFR (Maudsley et al. 2000), and PTEN (Pan et al.
2008). Under the stimulation of serum with EGF as a main
component, EBP50 expression resulted in attenuation of
ERK activity, further verifying that EBP50 can play a role
in suppressing tumor cell growth through inhibiting the
ERK pathway. Recently, it has also been reported that
suppression of ERK activity correlates with decreased
colony formation ability (Bessard et al. 2008; Neill et al.
2008; Sun et al. 2008), suggesting the impaired colony
formation caused by EBP50 expression is also induced by
lower levels of ERK activity.

In summary, this study demonstrates that EBP50 over-
expression can inhibit the malignant biological behavior of
MDA-MB-231 cells (including proliferation and anchor-
age-independent growth), which is consistent with the
EBP50 knockdown results reported by Pan and Takahashi
(Pan et al. 2006; Takahashi et al. 2006). These results
further elucidate the tumor suppressing role of EBP50 and
establish it as a candidate target for breast cancer drug
therapy. Although growth suppressive roles of EBP50 can
potentially be explained by the assembly of complexes
between growth factor receptors and tumor suppressors or
by f-catenin stabilization at the membrane (Curto et al.
2007; Kreimann et al. 2007; Takahashi et al. 2006),
interactions with other transmembrane ligands should be
thoroughly investigated as they might also enhance the
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growth suppressive properties of EBP50 at the membrane.
EBP50 over-expression promotes apoptosis in MDA-MB-
231 cells. Therefore, it is reasonable to conclude that
EBP50 plays a role in inhibiting breast cancer MDA-MB-
231 cell proliferation via promoting cell apoptosis and
inhibiting ERK activation.
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