
Abstract. This study was undertaken to observe the effects
and the possible mechanism of membrane-cytoskeleton linker
ezrin on the chemokine CC chemokine ligand 5 (CCL5)-
induced invasive ability in human breast carcinoma MCF-7
cells. RNA interference (RNAi) using ezrin small hairpin
RNAs (ezrin shRNA) was used to analyze the role of ezrin in
the regulation of this CCL5-induced malignant behavior of
MCF-7 cells. The effects of recombinant human CCL5
(rhCCL5) on the cell's invasive ability were detected by
transwell assay. Western blotting was performed to examine
the expression of the total and the phosphorylated ezrin at
protein level. The CCL5-induced changes in the organization
of the actin cytoskeleton in the transfected cells were
determined using confocal microscopy. Flow cytometry was
used to detect the cell cycle. MTT method was used to detect
the proliferation of the cells. We found that the MCF-7 cells
responded chemotactically to CCL5 in a dose- and time-
dependent manner. After RNAi treatment, the proliferation
was inhibited and the cell proportion in G2-M phase decreased.
The CCL5-induced cell motility and invasiveness were
obviously inhibited by the silencing of ezrin. In addition, the
CCL5 induced a significant up-regulation in the total and the
phosphorylated ezrin expression in MCF-7 cells, whereas in
the presence of ezrin silencing, the CCL5 induced only a
slight increase in the total and the phosphorylated ezrin
expression. CCL5 was shown to induce changes in the
organization of the actin cytoskeleton and the level of F-actin
in MCF-7 cells, and the silencing of ezrin could inhibit these
changes. Collectively, our data further show that CCL5
induced invasiveness in MCF-7 cells. These data indicate a
potential role for ezrin in the processes of the CCL5-induced
breast cancer cell migration, invasiveness and metastasis. It
is suggested that ezrin may act as downstream effector of
CCL5 and a new anti-invasive therapeutic target for human
breast cancer.

Introduction

Breast cancer is one of the most common cancers in women
all over the world. The poor prognosis of patients with breast
cancer is related to the ability of tumor cells to metastasize to
the regional lymph nodes, bone marrow, lungs and liver.
Metastasis, a result of several sequential steps, represents a
highly organized, non-random and organ-selective process
(1). Tumor cell migration and metastasis share many simi-
larities with the specific homing of haematopoietic cells to
the specific sites, which is critically regulated by various
factors in the microenvironment, including chemokines and
their receptors (2-4).

CCL5, originally identified as a product of the activated T
cells, is capable of recruiting T cells to inflammatory sites
(5). The expression of the chemokine CCL5 by breast cancer
is thought to correlate with the progression of the tumor, but
the precise role is complex (6-10). CCL5 is expressed at
high levels in some tissues (lungs, liver and bone marrow)
that frequently harbor breast cancer metastasis. Investigating
the association of CCL5 expression with the clinical course
of breast cancer, the study showed that CCL5 levels in the
patients with progression, relapse and metastasis were
markedly increased compared to the patients in remission.
Studies showed that the CCL5 expression was greater than
that found in normal epithelial cells, ductal epithelial cells
and benign sections (8,11,12). It is conceivable that endo-
genously synthesized CCL5 may induce breast cancer cell
migration, mediated by the receptor CCR5 (13). Several reports
have demonstrated that blockade of CCR5 not only inhibited
the metastatic process in vivo, but also produced a direct
effect on both tumor progression and angiogenesis, which
further implicates that CCL5 is an important molecule in breast
cancer metastasis (14).

Ezrin, the coded product of the vil2 gene, is a member of
the ERM (ezrin-radixin-moesin) cytoskeleton-associated
protein family (15). Ezrin is best known as a key component
that is involved in cell adhesion to the extracellular matrix,
cell interactions, signal transduction, interactions with the cell
apoptotic machinery (16-18), and cytoskeleton-mediated cell
motility via controlling cell morphology (19,20). Increasing
mass of evidence indicates that ezrin is regarded as a meta-
static determinant and a key component in tumor metastasis
(21,22). Yu et al reported that ezrin was consistently over-
expressed in the metastatic clones from rhabdomyosarcoma
and osteosarcomas (23,24). Meanwhile, ezrin showed up-
regulated expression in a variety of invasive adult cancers,
including uveal malignant melanomas (25), lungs (26) and
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endometrial carcinomas (27). Elliott et al found that ezrin was
required for breast carcinoma metastasis (27). Transfection
of ezrin constructs into low-metastatic cell lines dramatically
increased the ability of these cell lines to form macroscopic
pulmonary metastasis lesions, besides shRNA by RNA inter-
ference (RNAi) significantly reversed the metastatic behavior
(29), suggesting that ezrin may be a key regulatory molecule
in metastatic progression.

In this report, we showed that CCL5, an important chemo-
tactic factor in breast cancer microenvironment, increased the
invasive ability in MCF-7 cells in a dose-dependent manner.
After the repression of ezrin in the stably expressing ezrin
shRNAs MCF-7 cells, >85% of ß-actin was maintained at
mRNA and protein level. After RNAi treatment, the proli-
feration was inhibited, and the cell proportion in G2-M phase
decreased. We also discovered the CCL5-induced cell motility
and invasiveness were obviously inhibited by the silencing of
ezrin. At the same time, CCL5 markedly enhanced the
expression of the total and the phosphorylated ezrin in MCF-7
cells, whereas in the presence of silenced ezrin, this increase
was only slight. Besides, CCL5 was shown to induce changes
in the organization of the actin cytoskeleton and the level of
F-actin in MCF-7 cells, and the silencing of ezrin could inhibit
these changes. Therefore, it is further revealed that CCL5
plays a significant role in the metastatic progress of breast
cancer. Our results also show a potential role for ezrin in the
CCL5-induced processes of the breast cancer cell migration,
invasion and metastasis.

Materials and methods

Cell culture. MCF-7 cells were obtained from Type Culture
Collection Center of Wuhan University, China. The cells were
grown in RPMI-1640 supplemented with 10% heat-inactivated
fetal calf serum (FCS, Gibco) and antibiotics (50 U/ml
penicillin and 50 μg/ml streptomycin, Gibco) at 37˚C in a
humidified incubator with 5% CO2.

RT-PCR. Total RNA was extracted from cell lines in TRIzol
reagent (Invitrogen) and cDNA was synthesized from 1 μg of
total RNA using Superscript reverse transcriptase per the
manufacturer's instructions. cDNA was subjected to PCR
(GeneAmp PCR System 9700, Applied Biosystems) using
ezrin specific, 5'-GAATACACAGCCAAGATTGC-3' (sense)
and 5'-CTCATGTTCTCGTTGTGGAT-3' (antisense) primers,
and GAPDH specific, 5'-GAATACACAGCCAAGATTGC-3'
(sense) and 5'-CTCATGTTCTCGTTGTGGAT-3' (antisense)
primers. PCR consisting of 30 cycles was carried out at the
following conditions: at 95˚C for 3 min, 45 cycles at 94˚C for
30 sec, annealing at 53˚C for 30 sec and elongation at 72˚C
for 30 sec. PCR products were analyzed on 1% agarose gel
and visualized under UV light after staining with ethidium
bromide.

Western blotting. Confluent cells were lysed in lysis buffer
(20 mmol/l Tris-HCl, pH 7.5, 150 mmol/l sodium chloride,
1 mmol/l EDTA, 1 mmol/l EGTA, 1% Triton, 2.5 mmol/l
sodium pyrophosphate, 1 mmol/l h-glycerolphosphate, 1 mmol/l
sodium orthovanadate, 0.5 mmol/l phenylmethylsulfonyl
fluoride and 1 mg/ml leupeptin). Protein lysates (20-50 mg

per lane), as determined by Bio-Rad protein assay, were
separated in 10-12% SDS-PAGE and then transferred to
polyvinylidene difluoride membranes (Amersham Pharmacia
Biotech). Membranes were blocked with 5% non-fat dried
milk in TBS-T (20 mmol/l Tris-HCl, pH 7.5, 8 g/l of sodium
chloride and 0.1% Tween-20) and then incubated with primary
antibodies. Horseradish peroxidase conjugated anti-mouse
IgG (Cell Signaling) was used as secondary antibody. Actin
was used as internal positive control. Protein was visualized
using enhanced chemiluminescence system (ECL, Amersham
Pharmacia Biotech).

Plasmid construction and cell transfection. Small hairpin
RNAs (shRNAs) of ezrin gene (no. of GenBank: NM_015873)
were generated using an oligonucleotide DNA sequence.
Two target sequences for effectively silencing ezrin expression
were derived from the 553-571 nt and from 995 nt to 1013 nt
positions of the coding region of the ezrin gene. Target sense
sequence for Ezrin553, 5'-GATCCCCgataatgctatgttgga
atTTCAAGAGAattccaacatagcattatcTTTTTa-3'; antisense,
5'-AGCTTAAAAAgataatgctatgttggaatTCTCTTGAAatt
ccaacatagcattatc GGG-3'. Target sense sequence for Ezrin995,
5'-GATCCCCccgtggagagagagaaagaTTCAAGAGAtctttct
ctctctccacggTTTTTa-3'; antisense, 5'-AGCTTAAAAAccgtg
gagagagagaaagaTCTCTTGAAtctttctctctctccacggGGG-3'.
The base pairs underlined in target sequences are the restriction
sites HindIII and BamHI. The pSUPER plasmid was selected
to express ezrin shRNAs.

The correctness of inserted sequences of the recombinants
was confirmed by sequencing. According to the protocol
supplied with the Lipofectamine transfection reagent (Life
Technologies, Inc.), 2x105 cells were plated in 6-well dishes
and incubated with the appropriate DNA and Lipofectamine
2000 in serum-free media for 5 min, and then equal volumes
of media containing 20% FCS were added. Stable shRNA
clones were selected after 8-10 days of transfection for MTT
cytotoxicity assay. RT-PCR and Western blotting were applied
to analyze ezrin mRNA and protein levels, respectively.

Flow cytometric analysis. MCF-7 cells were seeded at a
density of 2x105 per well in 6-well plates. After incubation,
the floating cells were collected and the attached cells were
collected by trypsinization of the cell monolayer. The trypsi-
nized cells were pooled with the floating cells. The cells were
washed with PBS twice and fixed in 70% ethanol for at least
1 h at 4˚C. The cells were then stained with DNA-binding
buffer. The fluorescence profiles of the stained cells were
analyzed using the FACSCalibur Flow Cytometer (Becton-
Dickinson). The laser source of a wavelength 488 nm was
used for excitation, and the fluorescence signal was detected
using the FL-2 channel. At least 10000 events were counted.
The proportion of DNA was analyzed using the Cell Quest
and the Modfit LT Version 3.0 Software.

MTT assay. The MTT assay was conducted using a MTT
Assay kit from Chemicon International (Temecula, CA)
according to the protocol provided by the manufacturer. In
brief, 2x103 cell clones with stable shRNA transfection were
plated with RPMI-1640. Untransfected MCF-7 cells were used
as control. After culturing for 10 days, 10 μl of MTT (5 mg/ml
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in PBS) were added to each well and incubated at 37˚C for
4 h. After dissolving the resulting formazan product with
acid isopropanol, the absorbance was read on a BT 2000
Microkinetics Reader (Bio-Tek Instruments, Inc.) at a wave-
length of 490 nm.

Transwell assay. Cells were plated in 24-well transwell units
with polycarbonate filters (Coster Corp.) containing 8 μm
pores. Cells were plated at a density of 1.0x105 cells/well in
0.5 ml of serum-free medium. The outer chambers were filled
with the increasing concentrations of CCL5 from 0.01 to
100 ng/ml. After 24 h incubation at 37˚C, the cells were fixed
in methanol and stained with haematoxylin. Cells above the
filter were gently removed with a cotton swab, and the cells
on the underside of the filter were counted on glass slides,
and images corresponding to the entire membrane surface were
captured using an Olympus inverted microscope equipped
with a CCD camera. Values were normalized with the control
group in each experiment.

Rhodamine phalloidin. Cells were plated overnight on
cover slips, fixed in 3.7% formaldehyde/phosphate-buffered
saline, permeabilized with 0.1% Triton X-100 and blocked
for 30 min with 1% bovine serum albumin. Cells were incu-
bated with Rhodamine phalloidin for 20 min. Preparations
were observed using a Leica TCS SP2 confocal microscope
(Leica Microsystems, Richmond Hill, Ontario, Canada) in
the basic medical institute of the Medical College of Wuhan
University. Image acquisitions were processed using Adobe
Photoshop software.

Data analysis. All experiments were repeated at least three
times. The data are expressed as mean ± SEM and were
analyzed using one-way analysis of variance (ANOVA) and
the Student-Newman-Keul's test for individual comparisons.
Student's t test was used to evaluate the differences between
the experimental and control groups. A probability value of
P<0.05 was considered statistically significant.

Results

Specific inhibition of ezrin expression by ezrin shRNAs. The
ezrin-targeting shRNAs were designed based on a previous
work to define the shRNA target sequences, which were
chosen from the 553-571 nt and 995-1013, 19 nt base pairs of
the coded region of ezrin mRNA. As a control, an empty
plasmid pSUPER was used. The ezrin shRNA recombinants
were identified by enzyme digestion and sequencing (data
not shown). After MCF-7 cells were transfected with ezrin
shRNAs recombinants, MCF-7 clones stably expressing ezrin
shRNAs were selected and further ezrin expression was identi-
fied by RT-PCR and Western blot analyses. As showed in
Fig. 1B, Western blot analysis of whole cell lysates revealed
a reduction of 70% in ezrin protein levels, and a >85% in
ezrin mRNA levels in Fig. 1A without any significant modu-
lation in the amount of GAPDH or ß-actin used as the control
comparing with the control cells stably expressing pSUPER.
As showed in Fig. 1B, the expression of ezrin in MCF-7 clones
with stable ezrin shRNA (995) was reduced significantly com-
pared with the MCF-7 clones with stable ezrin shRNA (553).

Silencing ezrin expression by shRNA inhibits the prolife-
ration of MCF-7 cells. We observed the biological behavior
of MCF-7 cells when the expression level of ezrin was
lowered by shRNA (995). MTT method was used to detect
the proliferation of the cells. As shown in Fig. 2, down-
regulation of ezrin expression distinctly decreased the proli-
feration rates of MCF-7 cells. The apoptotic index increased
dramatically in the shRNA transfected groups compared with
the control group on the day 5 (t=4.479, P<0.01). To elucidate
the mechanism by which down-regulation of ezrin expression
leads to the inhibition of cellular proliferation in MCF-7 cells,
fluorescence activated cell sorting (FACS) was performed.
Analysis of cell cycle distribution revealed that ezrin down-
regulation by shRNA primarily affects cell transition from
G1 to S-phase in MCF-7 cells. After RNAi treatment, the
cell proportion in G2 phase decreased significantly from
37.6±5.3% to 13.3±4.6% (t=-5.997, P<0.01) (Table I).

Silencing of ezrin reverses the CCL5-induced migration and
invasiveness in MCF-7 cells. Increased cell motility and
invasiveness of carcinoma cells are key steps in the metastatic
cascade. We examined the role of ezrin in the CCL5-induced
cell motility and invasiveness in MCF-7 cells. Transwell

ONCOLOGY REPORTS  24:  965-971,  2010 967

Figure 1. Specific silencing of Ezrin mediated by stably expressed ezrin
shRNA. (A) RT-PCR analysis of total RNA of MCF-7 cells stably expres-
sing ezrin shRNA or empty vector pSUPER. The figure shows a represen-
tative result of three independent experiments. 1-3, ezrin expression in shRNA
(553), shRNA (995) and pSUPER; 4-6, GAPDH expression. (B) Western
blot analysis of whole-cell lysates of MCF-7 cells stably expressing ezrin
shRNA or empty vector pSUPER. Cells were analysed by immunoblotting
with specific antibodies to ezrin and ß-actin.
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assays were carried out using matrigel-coated transwell
culture chambers to evaluate the cell motility in MCF-7 clones
stably expressing ezrin shRNAs. After 24 h, invading cells
were counted using image analysis. The results shown in
Fig. 3 demonstrate that CCL5 induces MCF-7 migration in a
dose- and gradient-dependent manner. The optimal concen-
tration of chemokine CCL5 required for migration varied with
the expression of ezrin. CCL5 induced significant migration
in MCF-7 cells in 5 out of 5 experiments, with a mean MI
of 9.7, with maximal migration observed at a concentration of
20 ng/ml (Fig. 3). In contrast, stable ezrin shRNA-expressing
(995) MCF-7 clones showed the reduced cell invasiveness
by 2-fold compared with the cells transfected with pSUPER
(t=5.268, P<0.01), with maximal migration observed at a
concentration of 50 ng/ml, which is higher than the cells with
no transfectant.

The CCL5-induced changes in ezrin protein expression in
MCF-7 cells. The results shown in Fig. 3 raise the possibility
that ezrin is a downstream effector of CCL5 in the context of
invasiveness in MCF-7 cells. To investigate this notion, we
examined the expression of ezrin as the active phosphorylated
level as well as the total level. After treatment with CCL5 for
a longer time, the expression of the phosphorylated ezrin was

markedly increased (F=30.97, P<0.01) (Fig. 4A). Reducing
ezrin expression markedly by shRNA inhibited the CCL5-
induced increasing changes in the total and the phospho-
rylated ezrin in MCF-7 cells (P>0.05) (Fig. 4B). The above
results showed that ezrin regulates the CCL5-induced migra-
tory signalling pathway in MCF-7 cells.

Silencing of ezrin inhibits the CCL5-induced actin cyto-
skeleton organization in MCF-7 cells. Cell migration is strictly
regulated by the reorganization of the actin cytoskeleton and
focal adhesions. The effect of CCL5 on the F-actin content
of MCF-7 cells was investigated using confocal microscopy
which allowed us to quantitate rhodamine-labelled phalloidin
staining following treatment with CCL5. Studies using con-
focal microscopy indicate that there is also a redistribution of
the F-actin within the cell, after treatment with CCL5 for
60 min (Fig. 5A). Following treatment, intense F-actin staining
was visible near the periphery of the cells and in most cases
was polarised toward one side of the cell. Therefore, invasive
cells tend to be more elongated than non-invasive cells. To
study how the changes in ezrin expression influence the
reorganization of cytoskeleton, stable ezrin shRNA (995)-
expressing MCF-7 clones were labeled for F-actin using
rhodamine-phalloidin. The investigation of cell shapes showed
pointed pseudopodia or polygonal cell shapes with pointed
edges, in which brightly stained, longitudinal actin bundles
were formed (Fig. 5B). The stable ezrin shRNA-expressing
clones had shrunken cell shapes without visible stress fibers.

Discussion

Recent studies (30,31) emphasized the idea that tumor cell
migration and organ-specific metastasis are critically regulated
by chemokines and their receptors. There is increasing mass
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Figure 2. Silencing ezrin expression by shRNA inhibits the proliferation of
MCF-7 cells. MTT analysis of MCF-7 cells stably expressing ezrin shRNA
(995) or empty vector pSUPER for ten days. The figure shows a represen-
tative result of three independent experiments.

Table I. Analysis of cell cycle of MCF-7 cells stably expres-
sing ezrin shRNA(995) or empty vector pSUPER.
–––––––––––––––––––––––––––––––––––––––––––––––––
Cells G1 (%) G2 (%)
–––––––––––––––––––––––––––––––––––––––––––––––––
Empty vector pSUPER 39.4±2.5 37.6±5.3

shRNA (995) 53.9±1.6 13.3±4.6

t 7.924 -5.997

P-value <0.01 <0.01
–––––––––––––––––––––––––––––––––––––––––––––––––
Decreasing ezrin expression by ezrin shRNA in MCF-7 cells affects
cell transition from G1 to S-phase in MCF-7 cells. After RNAi
treatment, the cell proportion in G2 phase decreased significantly
from 37.6±5.3% to 13.3±4.6% (t=-5.997, P<0.01).
–––––––––––––––––––––––––––––––––––––––––––––––––

Figure 3. Silencing of ezrin reverses the CCL5-induced metastatic behavior.
CCL5-induced invasive capability in MCF-7 cells with stable ezrin shRNA
or pSUPER or no transfectant was detected by transwell assay. Migration
assays to assess the ability of the CCL5 to induce MCF-7 cells to migrate
were performed using a Boyden chamber assay. The CCL5 was added to the
lower chamber at increasing concentrations from 0.01 to 100 ng/ml and cells
were added to the upper wells of a 24-well microchemotaxis chamber, and
the migration across a fibronectin-coated polycarbonate membrane (8 μm pore
size) was assessed after 24 h. The migrated cells in 5 high power micro-
scopic fields were counted in triplicate wells. Data are expressed as the mean
migration index [MI = (Number of cells migrating to test)/(Number of cells
migrating to negative control)].
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of evidence to suggest that chemokine CCL5 and its receptors
play a role in the development and progression of several
cancer types (32,33). As for breast cancer, previous studies

have showed that CCL5 is important in the progression of
breast cancer and a correlation between high CCL5 expression
and poor prognosis (5,34,35), but its precise function and
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Figure 4. The CCL5-induced changes in ezrin protein expression in MCF-7 cells by Western blotting. (A) CCL5-induced phosphorylated and total ezrin
protein expression levels in MCF-7 cell lines were increasing significantly in a time-dependent manner (F=30.97, P<0.01). (B) CCL5-induced ezrin protein
expression levels in MCF-7 cell lines were increasing only slightly in a time-dependent manner (P>0.05). The silencing of ezrin by shRNA markedly
inhibited the CCL5-induced increacing changes in the total and the phosphorylated levels of ezrin in MCF-7 cells. As shown in (B), the expression of ezrin in
MCF-7 clones with stable ezrin shRNA (995) was reduced significantly compared with the MCF-7 clones with stable ezrin shRNA (553).

Figure 5. Silencing of ezrin inhibits the CCL5-induced actin cytoskeleton organization in MCF-7 cells. The effect of ezrin silencing on cytoskeleton
rearrangement. Representative change in CCL5 (20 ng/ml)-induced cytoskeleton rearrangement (phalloidin-fluorescein isothiocyanate staining) in MCF-7
cells stably expressing ezrin shRNA (A) or pSUPER (B).

A B
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mechanism have not been clarified. A recent study has
revealed that antagonists of CCR5, CCR1 or receptors of
CCL5, inhibited experimental breast tumor growth (14).

In this study, in order to identify the effects of CCL5 on
MCF-7 cell invasive ability, transwell assays were carried
out using matrigel-coated transwell culture chambers. To our
surprise, the results demonstrate that CCL5 induces MCF-7
invasiveness in a concentration- and time-dependent manner.
CCL5 induced significant invasiveness in MCF-7 cells, with
a mean MI of 9.7, with maximal invasiveness observed at a
concentration of 20 ng/ml. Our findings suggest that CCL5
may play a prominent role in MCF-7 cell migration and
invasiveness which could result in the enhanced metastatic
propensity. On the other hand, the silencing of ezrin by stably
expressed shRNAs reversed the CCL5-induced metastatic
behavior of MCF-7 cells, including the expression of the
phosphorylation ezrin, the changes in cytoskeleton-mediated
cell morphology and the cell motility and invasiveness. In
this study, stable ezrin shRNA-expressing MCF-7 clones
showed reduced invasiveness by 2-fold compared with the
cells transfected with pSUPER or the cells with no trans-
fectant, with maximal migration observed at a concentration
of 50 ng/ml, more than the concentration (20 ng/ml) for the
cells transfected with pSUPER or the cells with no trans-
fectant. Meanwhile, the inhibition of ezrin expression by
ezrin shRNA in MCF-7 cells prevented CCL5-induced
migration and the phosphorylated ezrin was decreased in
these cells.

It is well documented that the loss or inhibition of the
function of ezrin, or its associated proteins, results in a
reduced gain of the invasive potential. Our results concerning
the influence of CCL5 on the expression of ezrin in MCF-7
cells revealed that CCL5 could stimulate the expression and
activation of the membrane-cytoskeleton linker ezrin in
MCF-7. CCL5 induced a significant increase in the
expression of the phosphorylated and the total ezrin protein
in MCF-7 cell lines in a time-dependent manner. In fact,
ezrin, a key component in tumor metastasis, is mainly
required for cell motility, cortical organization and cell
division, and the phosphorylated ezrin is the activated form.
In the present study, with the maximal invasive ability at
20 ng/ml of CCL5, ezrin is stimulated to regulate the signal
transduction. However, the increasing expression of ezrin
induced by CCL5 could be markedly inhibited by shRNA.
Stable ezrin shRNA-expressing MCF-7 clones showed reduced
cell invasiveness 2-fold compared with the cells transfected
with pSUPER or the cells with no transfectant, with maximal
migration observed at a concentration of 50 ng/ml, which is
higher than that of the MCF-7 cells. The results indicate that
the expression of ezrin in breast cancer cells has a positive
correlation with the invasive ability of MCF-7 cells.

Tumor cell motility is an important step in the intricate
process leading to the formation of metastases and tumor
cells demonstrating an increased metastastic potential are
more motile than non-metastatic tumor cells. The studies have
shown that the structure of the actin network relates to the
malignant potential of cell lines and determines their level of
motility. The motility and F-actin content of non-invasive
cells have been compared with invasive cells, in which a high
level of actin polymerisation is a prerequisite for pseudopod

formation and necessary for the infiltration of these cells into
the tissues. Our results using confocal microscopy indicate
that a redistribution of the cytoskeletal F-actin occurs in
MCF-7 cells after treatment with CCL5 (20 ng/ml) within
60 min, with movement of F-actin toward the periphery of
the cell in a polarised manner. These results indicate that
there is a rapid polymerization of F-actin following stimulation
with CCL5 and a redistribution of the cytoskeletal actin within
cells. Our results show that the degradation of ezrin leads to
a disruption of the actin cytoskeleton, showing that ezrin, in
response to CCL5, plays an important role in pseudopodia
extension and is involved in tumor cell scattering and
motility through disrupting the actin cytoskeleton in MCF-7
cells.

Our results indicate that the CCL5 can induce migration
and cytoskeletal changes in MCF-7 cells in vitro and suggest
a potential role for ezrin in the CCL5-induced processes of
breast cancer cell migration, invasiveness and possibly meta-
stasis. We demonstrate that ezrin shRNA specifically inhibits
ezrin expression in MCF-7 cells and deregulates several
functions such as cell motility and invasiveness, indicating
that ezrin plays a key role in the development of human breast
cancer cells. Furthermore, blocking of ezrin function induced
an increased apoptosis and a proliferation inhibition. It is
suggested that ezrin may act as downstream effector of CCL5
and a new anti-metastatic therapeutic target for human breast
cancer.

Nevertheless, animal experiments should be conducted to
verify the functions of CCL5 in inducing invasiveness and
mechanism of interaction between CCL5 and ezrin as well as
the consequent signaling pathway should also be clarified.
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