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Trichostatin A reverses epithelial-mesenchymal transition and
attenuates invasion and migration in MCF-7 breast cancer cells
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Abstract. Breast cancer remains one of the leading causes
of mortality in women, and epithelial-mesenchymal transi-
tion (EMT) serves an indispensable role in the invasion and
migration of breast cancer cells. As a representative of clas-
sical histone deacetylase inhibitors (HDACISs), trichostatin A
(TSA) has been demonstrated to reverse EMT in certain types
of non-tumor cells and tumor cells. In the present study, the
invasive and migratory abilities of MCF-7 cells were exam-
ined following treatment with TSA. TSA-induced changes in
the expression of an epithelial biomarker epithelial cadherin
(E-cadherin), a mesenchymal biomarker (vimentin), and a
transcription factor [zinc finger protein SNAI2 (SLUG)] were
also investigated. Transwell invasion and migration assays, and
wound healing assays, revealed that the invasive and migratory
abilities of MCF-7 cells were suppressed significantly upon
treatment with TSA. Treatment with TSA led to an increased
expression level of E-cadherin, and decreased expression of
vimentin and, in MCF-7 cells. The overexpression of SLUG
decreased the expression level of E-cadherin, but increased
vimentin expression, and upon treatment with TSA, these
effects were reversed. Additionally, SLUG knockdown also
led to upregulation of E-cadherin expression, downregulation
of vimentin expression, and suppression of the invasion and
migration of MCF-7 cells. Taken together, these results suggest
that TSA is able to reverse EMT via suppressing SLUG and
attenuate the invasion and migration of MCF-7 cells in vitro,
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thereby providing a potential avenue for chemotherapeutic
intervention in the treatment of breast cancer.

Introduction

Breast cancer is one of the most common malignant diseases
in women worldwide and its metastasis to distant organs is
the leading cause of mortality in these patients. The metastatic
sites from primary breast cancer are usually the brain, liver,
lungs and bone tissue (1,2), whereas distant metastases to other
organs, including the uterus, kidney or spleen, are relatively
rare. When patients are diagnosed with breast cancer, ~10-15%
of them develop an aggressive phenotype, and distant metas-
tasis occurs within 3 years. However, it is not unusual that
metastases at distant sites may appear =10 years following the
initial diagnosis (3). Therefore, patients with breast cancer are
at risk of developing lethal metastasis throughout their entire
lifetime.

Epithelial-mesenchymal transition (EMT) is considered to
be closely associated with the invasion and migration of tumor
cells, and it is characterized by a cellular phenotypic transfor-
mation involving acquisition of mesenchymal characteristics
and loss of epithelial characteristics (4-7). The epithelial and
mesenchymal phenotypes are distinct cellular states; cells
are able to transition between each state (8). Additionally,
EMT has been regarded as a reversible process that may
be prevented under certain physiological and pathological
conditions. Epithelial cadherin (E-cadherin) is an important
epithelial cell adhesion molecule, and a decrease in the level
of E-cadherin is one of the landmark features of EMT. The
other important phenomenon associated with EMT is the
upregulation of mesenchymal biomarkers such as vimentin
and N-cadherin (9,10). Clinical studies have revealed that
breast cancer, when accompanied by a low expression of
E-cadherin and robust expression of vimentin or N-cadherin,
usually exhibits an aggressive tumor phenotype and a high rate
of metastasis (7,11).

Certain transcription factors, such as zinc finger protein
SNAI2 (SLUG), zinc finger protein SNAI1 (Snail), twist-related
protein 1 (Twist) and zinc finger E-box-binding homeobox
1 (Zebl), have been implicated in EMT regulation. Among
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them, the transcription factor SLUG inhibits the expression
of E-cadherin by binding to the E-box site on the E-cadherin
promoter. Upregulation of SLUG results in a decrease in the
levels of E-cadherin (12,13), which subsequently leads to
an attenuation of intercellular adhesion and enhanced cell
motility properties. Furthermore, SLUG is able to promote
the expression of vimentin, consequently inducing EMT-like
changes (14). Therefore, SLUG has an important role in
promoting the EMT process.

Histone deacetylase inhibitors (HDACIs) are a class of
anti-tumor drugs that exhibit potent anti-tumor activity (15,16).
As a representative of the classical HDACIs, trichostatin A
(TSA) suppresses the activity of histone deacetylases (HDACs)
in a non-competitive and reversible manner. Previously
published studies have revealed that TSA reverses EMT in
non-tumor cells, including human renal tubular epithelial
cells, retinal pigment epithelium cells and hepatocytes (17-19).
Furthermore, a previously published study by our research
group identified that EMT was prevented by TSA in SW480
and PC3 cells (20). Given these data, we hypothesized that
TSA-induced EMT reversal effects may also occur in breast
cancer cells. Therefore, in the present study, TSA-mediated
changes in EMT-associated biomarkers, including E-cadherin,
vimentin and the transcription factor SLUG, were investigated,
and TSA-induced alterations in the invasive and migratory
abilities of MCF-7 breast cancer cells were determined.

Materials and methods

Cell culture and cytotoxicity test. The human breast cancer cell
line MCF-7 was obtained from the Cell Bank of Type Culture
Collection of Chinese Academy of Sciences. The cells were
cultured in RPMI-1640 medium (Invitrogen; Thermo Fisher
Scientific, Inc.) under an atmosphere of 37°C humidified air
containing 5% CO, supplemented with 1% penicillin/strepto-
mycin (Invitrogen; Thermo Fisher Scientific, Inc.) and 10%
fetal bovine serum (HyClone; GE Healthcare Life Sciences).
Cytotoxicity of TSA (Sigma-Aldrich; Merck KGaA) on
MCEF-7 cells was detected using an MTS assay (Promega
Corporation), according to the manufacturer's protocol. In
brief, MCF-7 cells were plated into 96-well culture plates
(5,000 cells in 200 pl per well) overnight and subsequently
treated with 50, 100, 200, 400 or 800 nM TSA for 24 or 48 h.
Cells were rinsed with PBS to remove unattached cells and
incubated with 20% MTS reagent in serum-free medium for
3 hat37°C. The absorbance of the formazan dye was measured
at 490 nm using a microplate reader (Bio-Rad Laboratories,
Inc.), and the optical density (OD) at 490 nm (OD490) was
directly proportional to the proportion of viable cells. Cell
viability (% of control)=(0D490 of treatment group-OD490
of blank group)/(OD490 of control group-OD490 of blank
group) x100%.

Transwell invasion and migration assay. Invasion and migra-
tion assays were performed as follows: Boyden chambers
equipped with 8-um polycarbonate filters were coated with
Matrigel™ matrix (BD Biosciences) at 37°C and dried over-
night under sterile conditions for the invasion assay, whereas
Matrigel™ matrix-free polycarbonate filters were used for
the migration assay. Subsequently, MCF-7 cells suspended in
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300 pl RPMI-1640 medium containing 1% FBS were seeded
in the upper chamber at a density of 1x10°%/well, whereas
600 ul RPMI-1640 medium with 10% FBS (chemotactic
agent) was added to the lower chamber. Cells were incubated
with or without 100 nM TSA at 37°C for 48 h. For the inva-
sion assay, following gentle removal of the Matrigel that had
been coated on the upper side of the filter, cells adhering to the
underside of the filter were fixed with 4% paraformaldehyde
at room temperature for 20 min, and subsequently stained
with DAPI (10 ug/ml) at room temperature for 10 min. For
the migration assay, cells that had passed through the pores
of the filter and fallen into the lower chamber were fixed with
4% paraformaldehyde at room temperature for 20 min, and
subsequently stained with 0.5% hematoxylin at room tempera-
ture for 15 min. An upright fluorescent microscope (Nikon
Corporation) was used for counting cells (5 fields/chamber) at
a magnification of x100. Each invasion and migration experi-
ment was repeated at least 3 times.

Wound healing assay. MCF-7 cells (4x10°) were seeded in each
well of 6-well plates and were cultured in RPMI-1640 medium
containing 10% FBS until growth was confluent. A defined
scratch was made with a 200-ul pipette tip (cat. no. 94052320;
Thermo Fisher Scientific, Inc.), generating a cell-free area
of ~0.5 mm in width. Cellular debris was gently removed
by washing with culture medium. Subsequently, cells were
cultured in serum-free RPMI-1640 with or without 100 nM
TSA for 24 or 48 h. Images of the scraped area were captured
using an inverted microscope (Olympus Corporation) at
magnification, x100. The percentages of wound closure were
subsequently calculated by the following equation: Wound
closure %=[1-(wound area at T,/wound area at T;)], where T,
is the time after wounding and 7, is the time immediately
following wounding. A total of 3 independent experiments
were performed.

Reverse transcription-quantitative polymerase chain reac-
tion (RT-gPCR). Briefly, after 48 h incubation with or without
100 nM TSA, MCEF-7 cells were washed twice with ice-clod
PBS, and total mRNA was extracted using TRIzol® reagent
(Invitrogen; Thermo Fisher Scientific, Inc.). First-strand cDNA
was generated by reverse transcription from 500 ng total RNA
using a PrimeScript™ RT reagent Kit (Takara Bio, Inc.) and
the cDNA was synthesized at 37°C for 15 min. The relative
gene expression of target and reference genes was assessed
using a LightCycler® 480 system (Roche Applied Science)
using validated primers for E-cadherin, vimentin, SLUG,
GAPDH and SYBR Premix Ex Taq™ (Takara Bio, Inc.) for
detection. The thermocycling conditions were as follows:
10 min at 95°C, followed by 40 cycles of denaturation at 95°C
for 15 sec, annealing at 60°C for 30 sec and extension at 72°C
for 30 sec. The ratio between the target gene and GAPDH was
used to calculate the relative quantitation. The relative expres-
sion of the amplification products was analyzed using the
2444 method (21). Data are presented as the mean + standard
deviation from 3 independent experiments. Primer sequences
used in the RT-qPCR were as follows: E-cadherin forward,
5'"TACACTGCCCAGGAGCCAGA-3"; E-cadherin reverse,
5'"TGGCACCAGTGTCCGGATTA-3"; vimentin forward,
5"TGAGTACCGGAGACAGGTGCAG-3"; vimentin reverse,
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Figure 1. Effect of different concentrations of TSA on cell proliferation. MCF-7 cells were treated with various concentrations of TSA, and cell viability was

determined using the MTS assay. "P<0.05 vs. control. TSA, trichostatin A.

5'"TAGCAGCTTCAACGGCAAAGTTC-3"; SLUG forward,
5“TTCGGACCCACACATTACCT-3"; SLUG reverse, 5'-GCA
GTGAGGGCAAGAAAAAG-3"; GAPDH forward, 5'-GCA
CCGTCAAGGCTGAGAAC-3"; and GAPDH reverse, 5-TGG
TGAAGACGCCAGTGGA-3".

Western blot analysis. Briefly, MCF-7 cells were incubated
at 37°C for 48 h and treated with or without 100 nM TSA.
Subsequently, cells were washed 3 times with ice-cold PBS
and lysed on ice in cell lysis buffer and the cell debris was
removed by centrifugation at 12,000 x g at 4°C for 2 min.
Total protein was quantified using a bicinchoninic acid assay
kit (cat. no. PO010; Beyotime Institute of Biotechnology) and
samples containing equal amounts of protein (60 pug/lane)
were separated by 10% SDS-PAGE, and subsequently
transferred onto PVDF membranes. The membranes
were blocked with 5% non-fat milk for 2 h at room
temperature, and subsequently incubated with the primary
antibodies against [-actin (1:1,000; cat. no., sc-8432;
Santa Cruz Biotechnology, Inc.), E-cadherin (1:1,000;
cat. no., sc-71008; Santa Cruz Biotechnology, Inc.), vimentin
(1:1,000; cat. no., sc-80975; Santa Cruz Biotechnology,
Inc.), SLUG (1:1,000; cat. no., sc-166476; Santa Cruz
Biotechnology, Inc.) overnight at 4°C. Following incubation
with the appropriate horseradish peroxidase-conjugated
secondary antibodies (1:5,000; cat. no., sc-2031; Santa Cruz
Biotechnology, Inc.) for 2 h at room temperature, specific
immune complexes were detected with chemiluminescence
reagent (Western Lightning™, Chemiluminescence Reagent
Plus, PerkinElmer, Inc.). The detection of f-actin was used
as a loading control (22). Protein expression was quantified
using ImageJ software (version 1.46, National Institutes of
Health).

Confocal microscopy for E-cadherin. MCF-7 cells (3x10°)
were seeded in a 35-mm glass bottom dish. When grown
to ~70% confluence, cells were stimulated with or without
100 nM TSA for 48 h. Following fixation in 4% paraformal-
dehyde at 37°C for 30 min the cells were blocked with 10%
normal goat serum (cat. no. 31873, Thermo Fisher Scientific,
Inc.) at 37°C for 30 min. Cells were then incubated with an anti-
body against E-cadherin (1:100; cat. no., sc-71008; Santa Cruz
Biotechnology, Inc.) for 1 h at 37°C. Subsequently, slides were
washed three times with PBS and incubated with Alexa Fluor

488-conjugated secondary antibodies (1:1,000; Invitrogen;
Thermo Fisher Scientific, Inc.) for 45 min at 37°C. Following
an additional wash step with PBS, cells were stained with
10 pg/ml DAPI (Invitrogen; Thermo Fisher Scientific, Inc.)
at room temperature for 10 min for the visualization of cell
nuclei. The expression of E-cadherin on cell membranes was
detected using confocal laser scanning microscopy (LSM710;
Zeiss GmbH) at magnification, x400.

Overexpression of SLUG. MCF-T7 cells were seeded into a
6-well plate (2x10° cells/well) and cultured at 37°C until the
following day. In serum-free medium, cells were transfected
with 2 ug control vector pcDNA-3.1 (Generay Biotech Co.,
Ltd) or 2 ug pcDNA-SLUG, encoding the human SLUG gene
(Generay Biotech Co., Ltd) mixed with Lipofectamine™
2000 reagent (Invitrogen; Thermo Fisher Scientific, Inc.).
The serum-free medium was then replaced with complete
culture medium 6 h later and the transfection efficiency was
evaluated by RT-qPCR and western blot analysis, as afore-
mentioned.

SLUG small interfering RNA (siRNA) transfections. MCF-7
cells were seeded in 6-well plates at a density of 3x10° cells/well
and grown for 24 h. Cell transfections were performed using
Lipofectamine™ RNAi MAX reagent (Invitrogen; Thermo
Fisher Scientific, Inc.) according to the manufacturer's protocol.
A validated negative control oligonucleotide (5'-GCAACG
UACAGUGGUUCAA-3/5-UUGAACCACUGUACGUUGC-3,,
Guangzhou RiboBio Co., Ltd.) and the siRNA oligonucleotides
targeting SLUG (5-GCAUUUGCAGACAGGUCAA-3/5-UUG
AACUGUCUGCAAAUGC-3', Guangzhou RiboBio Co., Ltd,
Guangzhou, China) were used for transfection. The final siRNA
oligonucleotide concentration was 20 pM and the transfection
efficiency was evaluated by western blot analysis. Following 48 h
transfection, cells were collected for subsequent assays.

Statistical analysis. All statistical analyses were performed
using GraphPad Prism v.5.0 software (GraphPad Software
Inc.). A Student's t-test was used to analyze differences between
two groups. One-way analysis of variance followed by Tukey's
post-hoc test was used to analyze differences among multiple
groups. Data are presented as the mean + standard deviation
from at least 3 independent experiments. P<0.05 was consid-
ered to indicate a statistically significant difference.
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Figure 2. TSA attenuates the invasion and migration of MCF-7 cells. (A) MCF-7 cells were incubated with or without TSA, and images were captured of the
invasive cells. Scale bar, 200 gm. “P<0.01 vs. control. (B) MCF-7 cells were treated with or without TSA, and images were captured of the migrated cells.
Scale bar=200 ym. “P<0.01 vs. control. (C) MCF-7 cells were treated with or without TSA, and the scratch wound size was monitored. Scale bar, 200 ym.

“P<0.01 vs. control. TSA, trichostatin A.

Results

TSA attenuates invasion and migration of MCF-7 cells.
Transwell invasion and migration assays were performed to
investigate the invasive and migratory abilities of MCF-7 cells.
Furthermore, TSA-mediated anti-proliferative effects were also
determined by MTS assay. These experiments revealed that
treatment with 100 nM TSA elicited no significant inhibitory
activity on the proliferation of MCF-7 cells within a 48 h period
(Fig. 1). However, following treatment with 100 nM TSA for
48 h, the numbers of invasive cells adhering to the underside
of the filter (Fig. 2A) and migrated cells in the lower chamber
(Fig. 2B) had decreased markedly compared with the control.
Additionally, the results of the wound healing assay revealed
that treatment with TSA caused a decrease in the migratory
capacity of the MCF-7 cells (Fig. 2C). These results suggested
that the decreased invasive and migration capabilities of the
cells following TSA treatment may have resulted from reversion
of EMT, rather than having been caused by any anti-prolifera-
tion effect. Taken together, we concluded that the invasive and
migratory abilities of MCF-7 cells were attenuated by TSA.

TSAreverses EMTin MCF-7 cells. As aforementioned, the epithe-
lial and mesenchymal phenotypes are distinct cellular states, and
cells are capable of transitioning between them. The expression
levels of EMT-associated biomarkers and transcription factors
reflect the nature of the cell phenotype. Therefore, in MCF-7
cells, changes in TSA-induced mRNA and protein expression
levels of E-cadherin, vimentin and SLUG were determined.
RT-qPCR analysis revealed that TSA led to an upregulation
of E-cadherin, and a downregulation of vimentin and SLUG
mRNA expression levels (Fig. 3A). Similarly, at the protein
level, an increased expression of E-cadherin, and a decrease in
the expression levels of vimentin and SLUG were determined
via western blot analysis (Fig. 3B; Table I.). Furthermore,
following treatment with TSA, changes in the expression level of
E-cadherin on the cell membrane were also detected by confocal
microscopy. TSA-induced increases of E-cadherin was observed
visually (Fig. 3C). Taken together, these results suggested that
TSA was able to reverse EMT in MCF-7 cells.

TSA-induced suppression of SLUG is involved in reversing
EMT.SLUG exerts a crucial role in promoting the EMT process.
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Figure 3. Treatment with TSA reverses EMT in MCF-7 cells. (A) MCF-7 cells were treated with or without TSA, and the mRNA level of E-cadherin, vimentin
and SLUG were analyzed by reverse transcription-quantitative polymerase chain reaction. “P<0.01 vs. control. (B) MCF-7 cells were incubated with or
without TSA, and subsequently the protein levels of E-cadherin, vimentin and SLUG were analyzed by western blot analysis. (C) MCF-7 cells were treated
with or without TSA, and the cellular location of E-cadherin (green) was examined by confocal microscopy. Scale bar, 20 ym. TSA, trichostatin A; EMT,
epithelial-mesenchymal transition; E-cadherin, epithelial cadherin; SLUG, zinc finger protein SNAI2.

Table I. Protein levels of E-Cadherin, vimentin and SLUG in
MCF7 cells incubated with or without TSA.

Group Control TSA
E-cadherin/pB-actin expression  0.70+0.041  1.38+0.0097*
Vimentin/p-actin expression 0.99+0.038  0.51+0.028*
SLUG/B-actin expression 1.02+£0.037  0.35+0.0095*

*P<0.001 vs. control group. Data are expressed as the mean + SD.
E-cadherin, epithelial cadherin; SLUG, zinc finger protein SNAI2;
TSA, trichostatin A.

In MCF-7 cells, upregulation of E-cadherin and downregula-
tion of vimentin may be due to TSA-mediated suppression of
SLUG. To investigate this, the control vector pcDNA-3.1 and
pcDNA-SLUG were transfected into MCF-7 cells, and changes
in the mRNA and protein levels of SLUG, E-cadherin and
vimentin were examined. The results revealed that E-cadherin
was downregulated, and SLUG and vimentin were upregulated,
at the mRNA (Fig. 4A) and protein (Fig. 4B; Table II) levels.
Furthermore, following treatment with 100 nM TSA for 48 h,
these changes were reversed in the SLUG-overexpressing cells
(Fig. 4A and B; Table II). Additionally, the expression levels
of SLUG, E-cadherin and vimentin protein were detected in
SLUG siRNA-transfected MCF-7 cells compared with control
siRNA-transfected MCF-7 cells. The invasive and migratory

Table II. Protein levels of SLUG, E-Cadherin and vimentin
in cells transfected with pcDNA-3.1 or pcDNA-SLUG and
incubated with or without TSA.

pcDNA-
SLUG

pcDNA-

pcDNA-3.1 SLUG + TSA

SLUG/B-actin 1.54+0.068 3.06:0.34* 1.13+0.076*

expression
E-cadherin/B-actin - 2.08+0.081 1.37£0.13" 1.83x0.07™
expression
Vimentin/B-actin ~ 0.29+0.019 1.20+0.11*  0.75+0.059*
expression

Data are expressed as the mean + SD. “P<0.001 vs. pcDNA-3.1 group;
"P<0.01 vs. pcDNA-3.1 group; “P<0.001 vs. pcDNA-SLUG group;
"P<0.01 vs. pcDNA-SLUG group. E-cadherin, epithelial cadherin;
SLUG, zinc finger protein SNAI2; TSA, trichostatin A.

abilities of the two groups were also investigated by Transwell
invasion and migration assays. As indicated in Fig. 4C and D,
SLUG knockdown led to an upregulation of E-cadherin, and
a downregulation of vimentin, at the protein level (Fig. 4D;
Table III). Compared with the siNC group, cells transfected
with SLUG siRNA exhibited decreased levels of invasion and
migration (Fig. 4C). These results indicated that TSA-mediated
suppression of SLUG was involved in the reversal of EMT.



1692 WANG et al: TSA REVERSES EMT IN BREAST CANCER CELLS
A Sl:n: : : E-cadherin 25 Vimentin T i )
§ L3 E , g : peDNA- srug + +
5 5 2 g 10
g2 % 4 Ia——l - £ os .
% E-cadherin
& s* @Jm’ <>"‘""5§a ‘?94;‘ &
Q;, & & ¢ 4 imenti
C Control siRNA Slug siRNA practin -

o - -
g

Migration

Number of cells

Invasion

s

Control siRNA  Slug siRNA

Slug

E-cadherin . ;
Vimentin

Control siRNA  Slug siRNA

B-actin

Migration

Figure 4. TSA-mediated suppression of SLUG is involved in reversing EMT. (A) pcDNA-3.1 and pcDNA-SLUG were expressed in MCF-7 cells, and cells
with pcDNA-SLUG were treated with or without TSA. Subsequently, the mRNA levels of SLUG, E-cadherin and vimentin were examined by reverse tran-
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pcDNA-SLUG were expressed in MCF-7 cells, and cells with pcDNA-SLUG were incubated with or without TSA. Subsequently, the protein levels of SLUG,
E-cadherin and vimentin were examined by western blot analysis. (C) SLUG siRNA or control siRNA was transfected in MCF-7 cells, and images were
captured of the invasive and migrated cells. Scale bar=200 ym. "P<0.05 and ““P<0.001 vs. control. (D) SLUG siRNA or control siRNA were transfected in
MCEF-7 cells, and subsequently the expression levels of SLUG, E-cadherin, and vimentin protein were examined by western blot analysis. TSA, trichostatin A;
EMT, epithelial-mesenchymal transition; SLUG, zinc finger protein SNAI2; E-cadherin, epithelial cadherin; siRNA, small interfering RNA.

Table III. Protein levels of SLUG, E-Cadherin and vimentin in
cells transfected with control sSiRNA or SLUG siRNA.

Control siRNA SLUG siRNA

SLUG/B-actin expression 1.019+0.037  0.28+0.0071%
E-cadherin/pB-actin expression  1.19+0.011  2.28+0.034*
Vimentin/f-actin expression 0.59+0.063  0.32+0.083°

Data are expressed as the mean + SD. “P<0.001 vs. control siRNA
group; °P<0.05 vs. control siRNA group. E-cadherin, epithelial
cadherin; si, short interfering; SLUG, zinc finger protein SNAI2;
TSA, trichostatin A.

Discussion

It has been well established that E-cadherin and vimentin are
selectively expressed, and perform their specific functions
in epithelial and mesenchymal cellular states, respectively.
E-cadherin is a membrane glycoprotein that normally binds to
another connexin, §-catenin, to maintain the integrity of the
morphology and skeletal structure of epithelial cells. When the
expression of E-cadherin is decreased, the levels of connec-
tivity between tumor cells decrease, and the dispersed tumor
cells become more motile, which consequently facilitates the
processes of tumor invasion and migration. Vimentin is a
structural cytoskeletal protein that constitutes the intermediate
filaments of mesenchymal cells. High expression of E-cadherin,
and the absence of vimentin, is associated with a low likelihood
that cancer cells will be able to invade and migrate (23,24).
In the present study, TSA-mediated increases in E-cadherin

and decreases in vimentin were observed, and TSA-induced
suppression of the invasion and migration capabilities of the
MCEF-7 cells was also confirmed, which were phenomena that
suppressed the distant migration of MCF-7 cells.

In addition, the transcription factor SLUG was downregu-
lated following treatment with TSA. Typically, EMT-inducing
transcription factors are classified into two groups: For
example, SLUG, SNAIL, Krueppel-like factor 8, transcrip-
tion factor 3 and Zebl repress E-cadherin transcription in a
direct manner, whereas transcription factors such as Twist,
Forkhead box protein C2, transcription factor 4 and Goosecoid
repress activity of the E-cadherin promoter indirectly (25).
Importantly, these transcription factors are involved in the
downregulation of E-cadherin. Furthermore, SLUG is also
able to promote the expression of vimentin, and consequently
induce EMT-like changes (14). The results of the present
study indicated that SLUG was able to induce downregula-
tion of E-cadherin, and upregulation of vimentin in MCF-7
cells, and TSA-mediated suppression of SLUG was involved
in the process of reversing EMT. In addition, a large number
of previously published studies have suggested that SLUG
promotes the initial stages of EMT in lung, bladder, colorectal,
prostate and nasopharyngeal cancer cells (26-31). Therefore,
TSA-mediated repression of SLUG may be the critical factor
with respect to the observed effect of EMT reversal.

HDACSs are involved in various physiological and
pathological regulatory processes, and HDACIs exert potent
EMT-reversal effects on several types of non-tumor cells,
and on tumor cells. TSA-mediated reversal of EMT is closely
associated with the transforming growth factor-p (TGF-p)
signaling pathway. It has reported that HDAC1 and HDAC?2 are
involved in TGF-B-induced EMT, and TSA completely inhibits
TGF-B-mediated EMT in hepatocytes and kidney tubular
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epithelial cells (32,33). In retinal pigment epithelium cells (34),
TSA-mediated inhibition of HDAC activity was demonstrated
to markedly suppress cellular proliferation and TGF-3-induced
EMT. In addition, TSA inhibited TGF-f2-mediated EMT via
regulating not only the canonical Smad signaling pathway, but
also the non-canonical TGF-B/Akt, mitogen-activated protein
kinase and extracellular signal-regulated kinase 1 and 2 path-
ways. These studies (32-34) may partly contribute towards our
understanding of the mechanism of TSA-mediated inhibition of
SLUG expression in the present study. Conversely, our previous
study (20) identified that the amounts of HDACI and HDAC2
proteins binding to the SLUG gene promoter were increased in
the TSA-treated SW480 and PC3 cells. Although few studies
have been published on the ability of HDAC inhibitors to
induce an increase in the levels of HDACs binding to the target
gene promoter, a similar mechanism may be responsible for
TSA-induced suppression of SLUG in MCF-7 cells. However,
the underlying mechanism requires further investigation.

An increasing number of studies have indicated that EMT
not only enhances the invasive and migratory abilities of tumor
cells, but also closely contributes to other of their malignant
characteristics. It was suggested that human mammary epithe-
lial cells obtained partial stem cell characteristics by inducing
EMT transformation, and the epithelial tumor cells with stem
cell characteristics were identified to express mesenchymal
biomarkers (35). EMT also triggers tumor immunosuppres-
sive properties, assisting in their immune evasion (36,37). For
example, certain immunosuppressive cytokines were induced
by the EMT-associated transcription factor Snail, leading
to differentiation of regulatory T cells, function damage in
dendritic cells, and tumor resistance to cytotoxic T cells (36).
Furthermore, the resistance of tumor cells to chemotherapy,
radiotherapy and immunotherapy were also increased by
EMT (38-40). In the presence of EMT, breast and cervical
cancer cells were demonstrated to be highly resistant to pacli-
taxel (41-43). The EMT-associated transcription factor SLUG
was revealed to be involved in tumor resistance to radiotherapy
and chemotherapy by antagonizing p53-mediated apop-
tosis (44). Finally, SLUG inhibition led to an increase in the
radiosensitivity of nasopharyngeal carcinoma (45). Based on
these previous studies, it may be possible to conclude from the
results of the present study that TSA-induced EMT reversal
may have prevented MCF-7 cells from developing into a more
malignant phenotype.

In conclusion, the most significant results of the present
study were that treatment with TSA reversed EMT and attenu-
ated the invasive and migratory abilities in MCF-7 breast
cancer cells. Subsequent studies will involve the detection
of the invasive and migratory abilities on the condition of
E-cadherin overexpression in the absence of TSA, or blocking
of E-cadherin using neutralizing antibody. The EMT-reversal
effect of TSA in triple-negative breast cancer cells, including
MDA-MB-231 and MDA-MB-435 cells, will also be investi-
gated. Furthermore, *F-FDG and "®F-FLT positron emission
tomography/computed tomography imaging will be employed
to evaluate TSA-mediated anti-tumor effects in different types
of breast cancer cell lines. However, although these results
require further investigation in vivo, the data from the present
study have provided novel information regarding the chemo-
therapy of breast cancer.
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