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Abstract

AIM: To determine the effect and molecular mecha-
nism of ezrin-radixin-moesin-binding phosphoprotein-50
(EBP50) in hepatocellular carcinoma (HCC).

METHODS: Three human HCC cell lines, /.e., SM-
MC7721, HepG2 and Hep3B, were used. We trans-
fected the Pbk-CMV-HA-EBP50 plasmid into SMMC7721
cells with Lipofectamine 2000 to overexpress EBP50.
Western blotting were performed to determine the ef-
fects of the plasmid on EBP50 expression and to detect
the expression of B-catenin and E-cadherin before and
after the transfection of the plasmid into SMMC7721
cells. Zn vitro cell proliferation was assessed with a Cell
Counting Kit-8 (CCK-8) assay. Cell cycle distribution was
assessed with flow cytometry. Invasion and migration
ability of before and after the transfection were deter-
mined with a transwell assay. Cell apoptosis was dem-
onstrated with Annexin V-FITC. The effect of EBP50
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overexpressing on tumor growth /7 vivo was performed
with a xenograft tumor model in nude mice.

RESULTS: The transfection efficiency was confirmed
with Western blotting (1.36 + 0.07 vs 0.81 + 0.09, P <
0.01). The CCK8 assay demonstrated that the growth of
cells overexpressing EBP50 was significantly lower than
control cells (P < 0.01). Cell cycle distribution showed
there was a GO/G1 cell cycle arrest in cells overex-
pressing EBP50 (61.3% £ 3.1% vs 54.0% % 2.4%, P
< 0.05). The transwell assay showed that cell invasion
and migration were significantly inhibited in cells over-
expressing EBP50 compared with control cells (5.8 %
0.8 vs 21.6 £ 1.3, P < 0.01). Annexin V-FITC revealed
that apoptosis was significantly increased in cells over-
expressing EBP50 compared with control cells (14.8%
* 2.7% vs 3.4% £ 1.3%, P < 0.05). The expression
of B-catenin was downregulated and E-cadherin was
upregulated in cells overexpressing EBP50 compared
with control cells (0.28 = 0.07 vs 0.56 £ 0.12, P < 0.05;
0.55 = 0.08 vs 0.39 = 0.07, P < 0.05). In vivo tumor
growth assay confirmed that up-regulation of EBP50
could obviously slow the growth of HCC derived from
SMMC7721 cells (28.9 £ 7.2 vs 70.1 £ 7.2, P < 0.01).

CONCLUSION: The overexpression of EBP50 could in-
hibit the growth of SMMC7721 cells and promote apop-
tosis by modulating p-catenin, E-cadherin. EBP50 may
serve asa potential therapeutic target in HCC.

© 2013 Baishideng. All rights reserved.

Key words: Hepatocellular carcinoma; Ezrin-radixin-
moesin-binding phosphoprotein-50; Growth; Migration;
Invasion

Peng XL, Ji MY, Yang ZR, Song J, Dong WG. Tumor suppres-
sor function of ezrin-radixin-moesin-binding phosphoprotein-50
through B-catenin/E-cadherin pathway in human hepatocellular

February 28, 2013 | Volume 19 | Issue 8 |



cancer. World J Gastroenterol 2013; 19(8): 1306-1313 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v19/i8/1306.
htm DOTI: http://dx.doi.org/10.3748/wjg.v19.i8.1306

INTRODUCTION

Hepatocellular carcinoma (HCC) is the third most com-
mon cause of mortality due to cancer in the world'". The
low rate of eatly diagnosis renders the tumors unresect-

able and results in metastasis to the lymph nodes or dis-
tant organs. In addition, HCC cells are relatively resistant
to chemotherapy; thus, the overall survival rate is poor.
Recently, targeted molecular therapy has been shown to
be effective in treating HCC, which encouraged us to
study the cellular and molecular mechanisms of HCC
and identify more effective treatments.

The etiology of hepatocarcinogenesis is still not fully
understood, the activation of oncogenes, dysfunction of
tumor supptessor genes, and aberrant activation of signal
transduction pathways have been described. B-catenin
is a key effector molecule in the Wnt signaling pathway
and also plays an important role in cell-cell adhesion™”.
E-cadherin is a member of the cadherin family and is a
classical type I cadherin. Both B-catenin and E-cadherin
are membrane-associated proteins that are essential for
regulating and providing cellular adhesion. Membrane-
associated adhesion proteins regulate cell motility, includ-
ing metastasis and invasion, and they link the extracellular
matrix and actin cytoskeleton, which is critical in many
biological signal transduction pathways. B-catenin and
E-cadherin dysfunction has been described in several

tumors, such as breast'" prostate[ﬂ, gastric[('], colorectal!”,

lung", oral” and hepatocellular carcinoma'™”.

Ezrin-radixin-moesin-binding phosphoprotein-50
(EBP50, also known as NHERFT1) is a 55-kDa phospho-
protein, and it belongs to the family of PDZ scaffolding
proteins. Previous studies suggest that EBP50 is a po-
tential tumor suppressor in several types of tumors' ",
Our previous studies also showed that EBP50 can inhibit
the growth of gastric and pancreatic cancer cells"*",
EBP50 is mainly localized at the apical plasma membrane
in human epithelial tissues'”. The loss of normal apical
membrane expression and/or distribution to the cyto-
plasm and nuclear overexpression was found in several
human cancers'>">'"". Shibata e 2/ found that 45% of
HCC cases expressed high levels of EBP50 mRNA, and
55% of HCC cases showed no difference. The cytoplas-
mic and nuclear accumulation of the EBP50 protein was
present in 55% of HCC tissues compared with the sur-
rounding noncancerous liver tissue, and EBP50 interacts
with B-catenin to participate in hepatocarcinogenesis.
The role of EBP50 as an oncogene or a tumor suppres-
sor in HCC remains unclear.

In this study, we examined the effects of EBP50 up-
regulation on cell growth, migration, invasion, and apop-
tosis in the HCC cell line SMMC7721 and determined
the expression of B-catenin and E-cadherin to elucidate
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the role of EBP50 in HCC.

MATERIALS AND METHODS

Cell lines and plasmids

The human HCC cell lines Hep3B, SMMC7721, HepG2
were obtained from the Cell Bank of Shanghai Insti-
tute for Biological Sciences (Shanghai, China). Of the
three cells lines, the SMMC7721 cell line has relatively
low EBP50 protein expression levels. These cells were
cultured in Dulbecco’s modified Eagle’s medium supple-
mented with 10% fetal bovine serum at 37 °C in a hu-
midified atmosphere of 5% CO:z The pBK-CMV-HA-
EBP50 plasmid was kindly provided by Dr. Randy Hall
from Emory University (Atlanta, GA, United States).

Stable transfection

The pBK-CMV-HA-EBP50 plasmid or the pBK-CMV-
HA vector was transfected into SMMC7721 cells with
LipofectamineTM 2000 (Invitrogen, CA, United States)
according to the manufacturer’s protocol. G418 (350
ug/mL) was used to select stably transfected cells. Single-
cell clones were isolated for clonal expansion. The trans-
fection efficiency was determined with Western blotting,
Subsequently, stably transfected cell clones were cultured
and amplified in culture medium supplemented with 350
ug/mL G418.

Cell proliferation assay

The cell-counting kit-8 (CCK-8, Dojindo, Japan) colori-
metric assay was used to measure cell proliferation and
viability with triplicate experiments for each set of condi-
tions. We seeded 5 x 10’ cells per well in a 96-well plate.
Cell viability was assessed using the Cell Counting Kit af-
ter culture for 24 h. The absorbance at 450 nm wasmea-
sured with a plate reader.

Western blotting

Western blotting was performed as described previous-
Iy™. The specific antibodies were rabbit anti-EBP50 an-
tibody (1:1000, Abcam; Pierce, GA, United States), rabbit
anti-B-catenin antibody (1:1000, Abcam), mouse anti-E-
cadherin antibody (1:1000, Abcam), and mouse anti-3-
actin antibody (1:1000, Abcam).

Transwell assay

Invasion through a Matrigel-coated filter was measured
in transwell chambers (Corning, New York, NY, United
States) as described previously™!. Cells (1 X 10% were
trypsinized and suspended in the upper chambers. After
incubation for 24 h, the transwell chambers were fixed
with 4% paraformaldehyde and stained with Giemsa
(Sigma). Cells in five randomly selected fields wete pho-
tographed, and the number of trans-membrane cells was-
counted.

Cell cycle assay
Cells were trypsinized and fixed in 70% ethanol on
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Figure 1 Ezrin-radixin-moesin-binding phosphoprotein-50, B-catenin, and
E-cadherinprotein levels were detected with Western blotting. A: The ex-
pression of ezrin-radixin-moesin-binding phosphoprotein-50 (EBP50) protein in
Hep3B, SMMC7721, HepG2; B: Western blotting analysis of EBP50, 3-catenin,
and E-cadherinprotein protein before and after transfection; C: Analysis of the
expression of proteins. "P < 0.01 vs parental or pBK-CMV-HA.

ice and then stained with 50 pg/mL propidium iodide
(Sigma) and 0.1 pg/mL RNase A (Sigma). The cells wete
then analyzed with flow cytometry using a FACStar Plus,
and Cell Quest software was used to calculate the pet-
centage of the cell population in each phase.

Cellular apoptosis assay

Apoptosis was assessed with the Annexin V-FITC kit
according to the manufacturer’s protocol. A total of 1 X
10° cells/mL were washed twice with cold PBS and resus-
pended in binding buffer. A total of 5 mL of Annexin
V-FITC and 10 mL of propidium iodide (PI) were added
(BioVision, Mountain New, CA, United States), and the
cells were incubated for 10 min at room temperature in
the dark. At the end of the incubation, 200 uL of bind-
ing buffer was added, and the cells were immediately ana-
lyzed with flow cytometry. Cell Quest software was used
to analyze flow cytometry data.

Ex vivo tumor growth assay
Male nude mice (4-6 wk old, » = 6) were (Beijing HFK
Biosciencs Co., Ltd) used in the experiments. After alco-
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hol preparation of the skin, 1 X 10° SMMC cells (pBK-
CMV-HA-EBP50, pBK-CMV-HA vector and control
cells), suspended in 100 yL PBS, were subcutaneously
inoculated into the dotsal area of the nude mice. Six
weeks after injection, At the end of the experiment, tu-
mors were harvested and weighed. All experiments were
performed according to the recommendations of the
Institutional Animal Care and Use Committee, and the
study protocol was approved by the Ethics Committee
for Animal Research of Wuhan University, China.

Statistical analysis

The results were analyzed using SPSS 13.0 statistical soft-
ware. All of the data are presented as the means * SD.
Statistically significant differences between groups in each
assay were compared with a one-way analysis of variance
(ANOVA), and P < 0.05 was considered to be statistically
significant.

RESULTS
EBP50 expression in HCC cells

We used Western blotting to evaluate the expression of
EBP50 in human HCC cell lines, with SMMC7721 ex-
pressing the lowest of the three cell lines (Figure 1). To
investigate the role of EBP50 in HCC, we overexpressed
EBP50 in SMMC7721 cells, which expressed relatively
low levels of endogenous EBP50. SMMC7721 cells were
transfected with pBK-CMV-HA-EBP50 or the pBK-
CMV-HA vector to establish vector control cells. To eval-
uate the transfection efficiency, we determined the protein
expression of EBP50 with Western blotting (Figure 1).
The data showed that after transfection for 48 h, the pro-
tein levels of EBP50 were upregulated in pBK-CMV-HA-
EBP50-transfected cells compared with pBK-CMV-HA
vector-transfected cells and parental cells (1.36 £ 0.07 vs
0.81 £ 0.09 or 0.75 *+ 0.06, P < 0.01).

Expression of 3-catenin and E-cadherin in HCC cells

To investigate the biological effect of EBP50 in HCC
and the potential signaling pathway through which it acts,
we analyzed the expression of [-catenin and E-cadherin
in pBK-CMV-HA-EBP50-and pBK-CMV-HA-trans-
fected cells and untransfected cells. The protein levels of
[B-catenin was downregulated (0.28 + 0.07 25 0.56 + 0.12
or 0.58 * 0.08, P < 0.05) and E-cadherin (0.55 £ 0.08 s
0.39 £ 0.07 or 0.40 £ 0.06, P < 0.05) was upregulated in
pBK-CMV-HA-EBP50-transfected cells (Figure 1). The
expression level was the same as previously reported by
Hayashi e al'.

Overexpression of EBP50 suppresses cancer cell
growth

To assess the potential effects of EBP50 overexpression
on cell proliferation and survival, we measured the num-
ber of viable cells at different times in vitro with CCK-8
assays. The pBK-CMV-HA vector had no effect on the
proliferative ability of SMMC7721 cells, whereas pBK-
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Figure 2 Growth rate comparison of parental, pBK-CMV-HA-EBP50, pBK-
CMV-HA cells with a Cell Counting Kit-8 assay. A: Growth rate comparison
of parental, pBK-CMV-HA-EBP50, pBK-CMV-HA cells; B: Analysis of the growth
rate.”P < 0.01 vs parental or pBK-CMV-HA.

CMV-HA-EBP50-transfected cells showed a dramatic
reduction in proliferation (P < 0.01, Figure 2).

The cell cycle distribution was measured to determine
whether the growth-inhibitory activity of EBP50 on
SMMC7721 cell proliferation was due to cell cycle altera-
tions. Compared with the control cells, the percentage
of pBK-CMV-HA-EBP50 cells in GO/G1 phase was in-
creased to 61.3% % 3.1% from 54.0% * 2.4% in parental
cells and 54.5% £ 1.9% in mock cells (P < 0.05, Figure 3).

Overexpression of EBP50 suppresses cancer cell
migration and invasion

We explored whether the over-expression of EBP50
resulted in decreased invasion and migration in cancer
cells with a transwell assay. As shown in Figure 4A-D, the
number of migrated pPBK-CMV-HA-EBP50 cells (5.8 *
0.8 cells/HP) was lower than the pPBK-CMV-HA vector
cells (20.4 = 1.1 cells/HP) and patental cells (21.6 + 1.3
cells/HP) (P < 0.01), which indicates that EBP50 could
significantly suppress the invasive ability of SMMC7721
cells. No significant difference was found between
SMMC7721 parental cells and the pBK-CMV-HA vector
cells. The result showed that upregulating EBP50 expres-
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sion in SMMC7721 cells inhibited tumor cell invasion
and migration.

Overexpression of EBP50 promotes cell apoptosis

Apoptosis was investigated with an annexin V/propidium
iodide assay. The pBK-CMV-HA-EBP50 cells showed an
approximately fourfold increase in apoptosis (P < 0.05)
compared with the parental group and the pBK-CMV-
HA vector group (Figure 4E), suggesting that the pBK-
CMV-HA-EBP50 plasmid enhances SMMC7721 apopto-

S18.

Overexpression of EBP50 decreased the growth of the
tumor ex vivo

The cell growth response as result of NHERF1 over-
expression was also examined in the nude mice model.
We compared the growth of SMMC7721 cells infected
with pBK-CMV-HA-EBP50, pBK-CMV-HA vector and
control cells ex vivo. At 6 wk after inoculation, obvious
tumors were formed in the two control groups of mice
inoculated with SMMC7721 cells or the pPBK-CMV-HA
vector, while tumor growth was obviously suppressed
in mice inoculated with pBK-CMV-HA-EBP50 cells. As
shown in Figure 5, tumors formed from pBK-CMV-HA-
EBP50 (28.9 * 7.2 mg) were significantly smaller than
those from pBK-CMV-HA and control cells (68.9 £ 7.9
mg, 70.1 £ 7.2 mg, n = 6) (P < 0.01), suggesting that ex-
pression of EBP50 suppressed tumor growth ex vivo.

DISCUSSION

In the present study, to determine the role of EBP50 in
HCC as an oncogene or a tumor suppressor, we used the
pBK-CMV-HA-EBP50 plasmid to increase the expres-
sion of EBP50 in SMMC7721 cells. Western blotting
analysis proved that EBP50 protein levels were signifi-
cantly upregulated in pBK-CMV-HA-EBP50-transfected
SMMC7721 cells. The proliferation rate of cells over-
expressing EBP50 was lower than the pBK-CMV-HA
vector and parental SMMC7721 cells (Figure 2). In a tran-
swell assay, the number of migrated cells over-expressing
EBP50 was significantly lower than control cells, indicat-
ing that the over-expression of EBP50 can inhibit the
anchorage-independent growth of HCC cells (Figure 4).
Cellular apoptosis analysis showed that EBP50 overex-
pression could increase apoptosis and induce G0/G1 cell
cycle arrest in HCC cells (Figures 3 and 4). Ex vivo tumor
growth assay confirmed that cells overexpressing EBP50
could obviously slow the growth of HCC cells (Figure 5).
Zheng et al™ reported that EBP50 overexpression could
inhibit breast cancer cell proliferation and promote cell
apoptosis through decreasing ERK activation. The cur-
rent study also suggests EBP50 as a potential tumor sup-
pressor in HCC.

The molecular mechanisms through which EBP50
exerts its tumor suppressor functions are diverse. EBP50
contains two PDZ domains and an ERM domain. PDZ
domains have been implicated in protein-protein interac-
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Figure 4 Ezrin-radixin-moesin-binding phosphoprotein-50 over-expression suppressed the migration and invasion of cancer cells. A: Migration and invasion
analysis of parental (21.6 £ 1.3 cells/HP); B: pBK-CMV-HA (20.4 £ 1.1 cells/HP); C: pBK-CMV-HA-EBP50 (5.8 + 0.8 cells/HP) cells with transwell assey; D: Analysis
of the number of invasive cells; E: Apoptotic analysis of parental (3.4% + 1.3%), pBK-CMV-HA (4.1% + 1.5%) and pBK-CMV-HA-EBP50 (14.8% * 2.7%) cells with
flowcytometry. °P < 0.05, °P < 0.01 vs parental or pBK-CMV-HA.

tions, and the ERM domain binds to ezrin through its tumorigenesis[z}w. EBP50 forms a complex with beta-
ERM-binding region[zﬂ. In normal cells, EBP50 interact catenin to promote Wnt signaling and may participate in
with cyclin dependent kinase and PP2A through its re- the development of Hcc!,

versible phosphorylation of the protein to regulate cell Both B-catenin and E-cadherin play an essential role
division™. EBP50 interacts with many tumor-related in cell-cell junctions in Wnt signal pathway. [3-catenin

proteins through these domains, including PTEN, PDG- binds directly to the cytoplasmic tail of E-cadherin to
FR, EGFR, podocalyxin,and GPCRs, to participate in form a bridge between E-cadherin and the actin cyto-

(49

Jg.,;ﬁf,.,,@ WJG | www.wjgnet.com 1310 February 28, 2013 | Volume 19 | Issue 8 |



Peng XL et a/. Function and signal pathway of EBP50 in HCC

g
= 60
=
=)
[}
2
5 40 b
£
]
20 -
0 | | |
> (s N
@5‘& 9 <<‘,§6>
R X ¥
o &
< &
NG
®

Figure 5 Tumorigenicity was inhibited by overexpression of ezrin-radixin-moesin-binding phosphoprotein-50 ex vivo (arrow). A: Tumor weight in nude mice
of parental (70.1 £ 7.2 mg); B: pBK-CMV-HA (68.9 + 7.9 mg); C: pBK-CMV-HA-EBP50 (28.9 + 7.2 mg); D: Tumor weight of the nude mice in each group. °P < 0.01 vs

parental or pBK-CMV-HA.

skeleton and stabilizes adherens junctions[ao]. The plasma
membrane localization of f-catenin allows it to function
as a tumor suppressor by interacting with E-cadherin, and
the phosphorylation of [B-catenin results in its accumula-
tion in the cytoplasm and translocation to the nucleus,
which allows it to act as an oncogenic protein by increas-
ing the transcription of genes involved in growth con-
trol®, The loss of membranous E-cadherin expression
was found in highly aggressive tumors including HCC
and contributed to their high metastatic potential ™",
Aberrant activation of Wnt/-catenin signaling has been
reported in a wide range of HCC™.

In our study, EBP50 upregulation resulted in an in-
crease in E-cadherin levels and a decrease in -catenin
levels. EBP50 is required to maintain a fraction of the
cortical -catenin protein at the membrane; EBP50 binds
to the C-terminal PDZ motif of B-catenin through
its PDZ2 domain, and this association is required for
[-catenin localization at cell-cell junctions[36]. In EBP50-
depleted cells, there was a shift of -catenin to the nucle-
us and an increased invasiveness of cells!'”. In EBP50-
deficient MEFs, disorganization of E-cadherin-mediated
adherens junctions and an increase in (-catenin tran-
scriptional activity was observed™, suggesting that the
depletion of EBP50 decreased the interaction between
B-catenin and E-cadherin. Because of the contributing
role of B-catenin and E-cadherin in HCC hyperplasia and
tumorigenesis'"'”, it is conceivable that the regulation of

(49

Boiohidengs  WJG | www.wijgnet.com

B-catenin/E-cadherin as a result of EBP50 overexpres-
sion contributes to HCC initiation or progression.

Our results suggest a tumor-suppressing role of
EBP50 and establish that it may be a promising target for
therapeutic intervention in HCC. Additionally, the inter-
actions of EBP50 with B-catenin/E-cadhetin enhance
the tumor suppressor properties of EBP50 in HCC.
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Background

Hepatocellular carcinoma (HCC) is the fifth most common cancer globally and
relatively resistant to chemotherapy, it encouraged us to study the cellular
and molecular mechanisms of HCC targeted molecular therapy. ezrin-radixin-
moesin-binding phosphoprotein-50 (EBP50) is a PDZ scaffolding protein, previ-
ous studies suggest that EBP50 is a potential tumor suppressor in colorectal,
prostatic, biliary, breast, gastric and pancreatic cancer, and it has an abnormal
expression in HCC. But EBP50 is an oncogene or a tumor suppressor in HCC
remains unclear. The authors aimed to examine the role of EBP50 and whether
it interact with the B-catenin/E-cadherin pathway in HCC.

Research frontiers

Targeted molecular therapy is a new effective treatment for cancer including
HCC. EBP50 is a potential tumor suppressor in several cancers, but the role
of EBP50 is an oncogene or a tumor suppressor remains controversial and its
exact role in HCC remains unknown.
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Innovations and breakthroughs

Authors used a pBK-CMV-HA-EBP50 plasmid to overexpress EBP50 in
SMMC7721 cells. The results showed that overexpression of EBP50 could
inhibit the growth, migration, invasion of SMMC7721 cells and promote cell
apoptosis, and modulate the expression of beta-catenin, E-cadherin. EBP50
may serve as a potential therapeutic target in HCC. It suggested that EBP50 is
a tumor suppressor and interact with 3-catenin/E-cadherin in HCC.
Applications

The results showed that EBP50 is a tumor suppressor and interact with
[B-catenin/E-cadherin in HCC. It may contribute to the future research of HCC
and be a promising target for therapeutic intervention in HCC.
Terminology

Ezrin-radixin-moesin-binding phosphoprotein-50: EBP50 (also known as
NHERF1) is a 55-kDa phosphoprotein; B-catenin: A adhesion protein, a key
mediator in the canonical Wnt signal pathway; E-cadherin: A member of the
cadherin family and is a classical type | cadherin.

Peer review

The function of EBP50 as a tumor suppressor has been studied in other can-
cers, but not in HCC. The expression in HCC was not significantly different be-
tween patient cases reported by Shibata et al. Thus they examined the effects
of EBP50 up-regulation on cell growth, migration, invasion, and apoptosis in the
HCC cell line SMMC7721 and determined the conclusion. This conclusion is
meaningful in the sense characterized the function of EBP in HCC cells.
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