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Background: To understand the mechanism underlying tamoxifen-induced multidrug resistance (MDR)
and stem-like phenotypes in breast cancer cells, we treated the MCF-7 cells with 4-hydroxy-tamoxifen (TAM)
for 6 months continuously and established MCF-7 tamoxifen resistance (TR) phenotypes.

Methods: In the present study, the following methods were used: cell viability assay, colony formation, cell
cycle analysis, ALDEFLUOR assay, mammosphere formation assay, chromatin immunoprecipitation (ChIP)
assay, PCR array, western blot analysis and quantitative reverse transcription polymerase chain reaction
(QRT-PCR).

Results: The expression of ERa was significantly higher in MCF7-TR cells when compared with parental
MCF-7 cells. MCF7-TR cells exposed to TAM showed a significant increase in the proliferation and rate
of colony formation. The number of cancer stem cells was higher in MCF7-TR cells as observed by the
increase in the number of ALDH+ cells. Furthermore, the number of mammospheres formed from the
FACS-sorted ALDH+ cells was higher in MCF7-TR cells. Using PCR array analysis, we were able to
identify that the long-term exposure of TAM leads to alterations in the epigenetic and MDR stem cell
marker genes. Furthermore, western blot analysis demonstrated elevated levels of Notch-1 expression in
MCF-TR cells compared with MCF-7 cells. Chromatin immunoprecipitation (ChIP) assay revealed that
Notch-1 enhanced the cyclin D1 expression significantly in these cells. In addition, we observed that MCF7-
TR cells were resistant to doxorubicin but not the MCF-7 cells.

Conclusions: In the present study, we conclude that the treatment with tamoxifen induces multiple
epigenetic alterations that lead to the development of MDR and stem-like phenotypes in breast cancers.
Therefore, our study provides better insights to develop novel treatment regime to control the progression
of breast cancer.
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Introduction

Breast cancer is the most common cancer in women and
the leading cause of cancer-related deaths worldwide (1).
In the past decade, the incidence of breast cancer was
increasing significantly among younger women population.
About 70% of the breast carcinomas were estrogen receptor
alpha positive [ERa+] (2,3). Selective estrogen receptor
modulators (SERMs), such as 4-hydroxy-tamoxifen (TAM)
and raloxifene, play an important role in the treatment
of ERa+ breast tumors. In addition, the SERMs improve
the treatment potentially in the early stages of breast
cancer. Eventually, the treatment with TAM resulte in an
increase in the development of endocrine-resistant breast
tumor phenotypes that lead to the formation of secondary
tumors and multidrug resistance (4). Approximately 50%
of ERa+ breast tumors are metastatic and do not respond
to endocrine therapies. Around 40% of early stage breast
tumors that are treated with endocrine therapies develop
endocrine resistance. Previous studies (5,6) have shown that
the treatment with TAM induces stem-like phenotypes and
develop multidrug resistance, which are associated with
the enhanced expression of growth factor receptors, such
as EGFR and HER2. Therefore, it is important to study
the endocrine resistance by using ERo+ breast cancer cell
models.

MCEF-7 cell line expresses ERa+/HER2- (7). The
proliferation and survival of MCF-7 cells are dependent on
estrogens that activate estrogen responsive genes and this
cell line has been used widely to demonstrate endocrine
resistance (8,9). Tamoxifen resistance (TR) associated with
the development of multidrug resistance (MDR) has been
considered as an important phenomenon in the breast
cancer cells (10,11). TR-associated development of MDR
has been a major obstacle in the treatment of breast cancer
and is associated with the overexpression of ATP-binding
cassette-binding proteins, such as P-glycoprotein (P-gp/
ABCBI), Breast Cancer Resistant Protein (BCRP/ABCG2)
and Multidrug Resistant Protein-1 (MRP-1/ABCC1) (4,12).
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Previous studies (13,14) have shown that TAM treatment is
associated with the development of MDR in breast cancer
cells.

The treatment using TAM resulted in the chronic
epigenetic changes, such as DNA methylation, histone
methylation, demethylation, acetylation, phosphorylation
and sumoylation associated with TR and MDR (15-17).
Previous studies (18-20) have reported that histone H3
lysine 4-specific methyltransferase (SETD1A) and H3
histone lysine demethylase 3A (KDM3A) are overexpressed
in TR breast cancer cells. In a recent study (21), it was
reported that an elevated expression of KDM3A leads
to an increase in the development of pancreatic cancers.
However, the mechanisms through which TAM induces
MDR and stem-like phenotypes in breast cancer cells are
unclear. Moreover, epigenetic alteration is an important
phenomenon to study the development of stem-like
phenotypes and MDR. Unfortunately, only a few studies
are available with regard to the development of MDR and
stem-like phenotypes in breast cancer cells.

Therefore, we determined the TAM-induced
epigenetic changes associated with stem-like changes
and the development of MDR in breast cancer cells. The
treatment with TAM enhanced Notch-1 gene expression,
overexpression of MDR genes and stem cell marker genes
in the breast cancer cells.

Methods

Fetal bovine serum (FBS) and phenol red free DMEM
were obtained from HiMedia (India). HEPES, trypan blue,
sodium pyruvate, and sodium bicarbonate were purchased
from Sisco Research Laboratories (Mumbai, India).
Crystal violet, bovine serum albumin, and water-soluble
17B-estradiol, dextran-sulfate T70, 4-hydroxy-tamoxifen,
3[4,5-Dimethylthiazol-2-yl]-2,5-diphenylterazolium
bromide (MTT) and doxorubicin were obtained from
Sigma-Aldrich (USA). The anti-human Notch-1 primary
antibody (Santa Cruz Biotechnology, USA), anti-human
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CD44 (Thermo Scientific, USA), B-actin (Sigma-Aldrich),
anti-mouse HRP and anti-rabbit HRP (Santa Cruz
Biotechnology, USA) were obtained. Dynabead magnetic
immunoprecipitation kit derived from Thermofisher
(USA). QRT-PCR array and master mix were obtained
from Qiagen (Germany). ALDEFLOUR assay kit,
MammoCult™

obtained from Stemcell Technologies (Canada).

media and ultralow attachment plates were

Cell culture

MCEF-7 cell line was procured from NCCS (Pune, India).
The cells were cultured with and without phenol red media.
The cells were supplemented with 10% fetal bovine serum
(FBS), 1% penicillin/streptomycin and cultured in 5%
CO, at 37 °C in a CO, incubator. Once the cells attained
confluence, the cells were treated with trypsin-EDTA,
subcultured and plated at a density of 1x10* cells in 96-well
plates to perform cell viability assay. Cells were cultured
in 6-well plates for mammosphere formation assay and
cultured in 10 cm’ plates for western blot analysis.

Charcoal-stripped serum (CSS) preparation

The 1 nmol/L. HEPES buffer (pH 7.4) was prepared and 5%
activated charcoal (w/v) and Dextran T70 were added to
the HEPES buffer. The mixture was stirred for 3 h at 4 °C
and further centrifuged at 2,000xg for 10 min. The 5%
dextran-treated HEPES buffer was added to 500 mL of FBS
and kept for 3 h at room temperature with gentle stirring.
The mixture was collected and the above step was repeated
overnight at 4 °C. The mixture was centrifuged at 8,000xg
for 10 min at 4 °C and further filtered through nitrocellulose
membrane (0.2 pm) filter (Millipore, Germany). The
filtered FBS were aliquoted and stored at -20 °C until
further use.

Generation of tamoxifen-vesistant cells

MCEF-7 cells were cultured continuously in phenol red
free DMEM supplemented with 10% CSS, 1% penicillin/
streptomycin and 0.1% Plasmocin (Invivogen, USA). The
cells were treated with TAM (1 pM) continuously and the
media were changed on alternate days. After the initial first
week of treatment with TAM, 95-98% of cells underwent
cell death. During 8 weeks of treatment with TAM, the
cells were grown in phenol red free media and they started
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to develop tamoxifen resistance (TR). The treatment with
TAM was continued up to 6 months and the cells were
found to develop TR.

Colony formation assay

MCEF-7 and MCF7-TR cells were plated in 6-well plates at
a density of 500 cells/well with TAM (1 pM) and without
TAM for 7 days. After 7 days, media were discarded and
both MCF-7 and MCF7-TR cells were stained with crystal

violet.

Cell proliferation assay

MCF-7 and MCF7-TR cells were plated in 96-well plates
at a density of 1x10* cells/well. After the cells were attached,
the cells were incubated with TAM (1 pM). The control
cells received 0.001% ethanol as a vehicle. After 48 h, the
cell viability was determined by using MTT assay.

Cell cycle analysis

The cells were treated with TAM (1 pM). The cells were
washed with PBS and fixed in ice-cold 70% ethanol and
kept at 4 °C overnight. Subsequently, the cells were washed
with PBS twice and treated with Ribonuclease A (100 pg/
mL) for 5 min at room temperature. The cells were stained
with propidium iodide (PI) (50 pg/mL). The samples, the
forward and side scatter, were analyzed by using a BD FACS
caliber at 605 nm band pass filter. A minimum of 10" events
were analyzed for each sample.

ALDEFLUOR assay

The cells were incubated with activated ALDEFLUOR
reagent in ALDEFLUOR assay buffer with and without
ALDH specific inhibitor diethylaminobenzaldehyde
(DEAB) for 30 min in the dark at 37 °C (Stem cell
technologies, Canada). The cells were further washed thrice
using ALDEFLUOR assay buffer and propidium iodide
(1 pg/mL) was added to assess the cell viability. ALDH
inhibitor treated cells were used to establish the sorting
gates, ALDH" and ALDH" cells were sorted out using
BD FACSAria flow cytometer. The ALDH" and ALDH"
cells (5,000 viable cells/mL) were cultured in ultra-low
attachment plate and supplemented with MammoCult™
growth factor bullet.
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Mammosphere formation assay

Mammosphere formation assay was performed as
described previously (22). After ALDEFLUOR assay, the
tamoxifen-sensitive and TR cells were sorted out by using
fluorescence-activated cell sorting (FACS) and plated in
ultra-low attachment 96-well plates at a density of 1,000
cells per well in MammoCult"™ media supplemented with
and without TAM (1 pM). The number of mammospheres
formed after 14 days of culture was counted under light
microscope.

Quantitative real-time polymerase chain reaction (QPCR)

MCF-7 and MCF7-TR cells were lysed and processed for
total RNA isolation by using the Qiagen RNeasy Mini kit
(Qiagen, Germany). The isolated total RNA was treated
with RNase-free DNase enzyme (BioRad). The total RNA
integrity was determined by using microfluidics based
agarose gel electrophoresis Bioanalyzer chip (Bioanalyzer
2100, Agilent Technologies, USA). The isolated total RNA
was converted to cDNA using reverse transcriptase enzyme
(iScript™ cDNA synthesis kit, BioRad, USA). The template
cDNA (2 pg) was used to determine the expression profiles
of the multidrug resistance genes, Cancer Drug Resistance
and Metabolism PCR Array. The customized histone
demethylase family regulators and stem cell marker genes
were analyzed according to the protocols recommended by
the manufacturer (Qiagen, Germany).

Chromatin immunoprecipitation (ChIP) assay

The MCF-7 and MCF7-TR cells were cultured in 15 cm’
petri plates until 80% of confluence was attained. The cells
were trypsinized and viability was determined by using
the trypan blue exclusion method. The cells were treated
with 0.5 M EDTA in DMEM for 30 min. The cleavage
of Notch-1 intra cellular domain (NICD) and the EDTA
activity were arrested by using 1 mM glycine for 15 min.
Ice-cold Phosphate Buffered Saline was used to wash the cell
pellets which was collected for sonication. The chromatin
was fragmented into 100-200 bp. The chromatin fragments
were incubated with mouse monoclonal NICD antibody
(Santa Cruz Biotechnology, USA) immunoprecipitation
by using magnetic beads (Dynabeads) in accordance with
the manufacturer’s protocol (Thermofisher, USA). Briefly,
spin columns with magnetic beads were washed twice with
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wash buffer (1x). Subsequently, the reagents were added
to the spin columns in the ensuing order: wash buffer
(Ix), cell lysate, specific primary antibody against Notch
intracellular domain or negative control antibody IgG. The
immunoprecipitation reactions were carried out at 4 °C in
overnight. In the subsequent day, the columns were washed
thrice using wash buffer and from the columns proteins
were eluted by denaturing elution buffer containing
B-mercaptoethanol. The eluted DNA was used for real-time
PCR amplification of cyclin D.

Western blot analysis

The cells were washed twice with ice-cold PBS (pH 7.4)
and then lysed with RIPA buffer (150 mmol/L NaCl,
50 M Tris, 1 mmol/L EDTA, 1% NP-40, 0.5% sodium
deoxycholate, and 0.1% SDS, pH 7.4) composed of
protease inhibitor cocktail (Sigma-Aldrich, USA). Cell
lysates were then clarified by centrifugation at 12,000xg for
10 min at 4 °C. The total protein was quantified by using
Bradford’s method (BioRad, USA). Eighty microgram
(80 pg) of the total protein was subjected to SDS-PAGE
(12%), and the resolved proteins were then transferred onto
a PVDF membrane (BioRad, USA). The membrane was
then incubated overnight at 4 °C with primary antibodies of
human ERa, Notch-1, and CD44 in accordance with the
manufacturer’s recommendations (1:500 to 1:1,000). After
the incubation, the primary antibodies were removed and
washed thrice with PBST in room temperature. The mouse/
goat/anti-rabbit horseradish peroxidase-conjugated (HRP)
secondary antibodies were diluted (1:10,000) in 5% of non-
fat dry milk and incubated for 1 h at room temperature with
gentle rocking. After washing thrice with PBST, the ECL
chemical (BioRad, USA) reagents (1:1 ratio) were added to
the membrane. The chemiluminescence was captured by
using Bio-Rad chemiDoc imager at different time points.
The equal loading/internal control B-actin was used and the
band intensities of the proteins were normalized by using
QuantityOne software (BioRad, USA).

Statistical analysis

All the data mean + SEM were analyzed statistically by using
one-way ANOVA followed by post boc Student-Newman-
Keuls test by using the SPSS software 7.5, which was used
to compare among the groups. The statistical significance
was considered at P<0.05.
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Figure 1 Generation and characterization of TR cells. (A) MCF-7 cells were exposed to 4-hydroxy-tamoxifen for 6 months in steroid and
phenol red free conditions and the developed TR cells were called MCF7-TR cells. (B) The quantitative real-time PCR analysis of ERa
gene expression derived from MCF-7 and MCF7-TR cells: a significant higher ERa gene expression in MCF7-TR cells confers TR. (C)
Western blot analysis of human ERa in MCF-7 and MCF7-TR cells: a significant higher ERa protein expression in MCF7-TR cells when
compared with MCF-7 cells. (D) The cell viability (MTT assay) of MCF-7 and MCF7-TR cells with and without the treatment of TAM
(1 pM) showed MCF7-TR cells resistant to TAM. *, significance at P<0.001 compared with MCF-7 cells; *, significance at P<0.001

compared with MCF7-TR cells.

Results
Generation and characterization of TR cells

The MCF-7 cells were treated with TAM (1 pM) for six
months and it resulted in the generation of TR clones,
MCEF7-TR cells (Figure 1A4). The MCF7-TR cells were
cultured continuously in phenol red free and steroid free
media. Overexpression of estrogen receptor o (ERa) in
MCEF7-TR cells were confirmed by using QRT-PCR and
western blot analyses when compared with parental MCF-7
cells (Figure 1B,C). The treatment with TAM did not alter
the cell proliferation in MCF7-TR cells; however, TAM
treatment reduced the cell viability of parental MCF-7
cells significantly (Figure 1D). Furthermore, the treatment
with TAM increased the number of colonies in MCF7-TR
cells significantly when compared with parental MCF-7
cells (Figure 24,B). The DNA content stained by propidium
iodide showed that the cell cycle progression of S phase and
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G2-M phase was higher in MCF7-TR cells, which indicates
the cell proliferation in MCF7-TR cells (Figure 2C,D).

TAM treatment increases stem-like cells

The results from the ALDEFLUOR assay showed
that MCF7-TR cells have a higher number of ALDH+
cells (9.24%) than MCF-7 (2.58%) (Figure 2E), which
indicate that the treatment with TAM increases stem-
like phenotypes in breast cancer cells. Interestingly, the
mammosphere formation was not affected in MCF-7
parental cells even when treated with TAM. However, a
significant increase in the number of mammospheres in
the presence of TAM (1 pM) was produced by MCF7-TR
cells when compared with respective controls (Figure 34,B).
The ALDH- cells did not form mammospheres, which is
in consistent with our previous study (22). This experiment
suggests that the mammospheres were composed of stem-
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Figure 2 Clonal expansion of MCF7-TR cells. (A) Colony formation assay showed that the treatment with TAM increases the number of

colonies in MCF7-TR cells than in parental MCF-7 cells. (B) Quantitative colony counting data. *, significance at P<0.001 compared with
MCEF-7 cells. *, significance at P<0.001 compared with MCF-7 cells treated with TAM (1 pM). ¥, indicates significance at P<0.05 compared
with MCF7-TR cells. (C) The cell cycle analysis using propidium iodide staining. The cell cycle phases GO to G1 progression is higher in
MCEF7-TR cells when compared with MCF-7 cells. (D) Quantitative data of cell cycle analysis. (E) ALDEFLUOR assay of breast cancer
stem-like cells. MCF7-TR cells have significantly (P<0.001) higher number of ALDH+ cells when compared with MCF-7 cells.

like cells and do not express estrogen receptors. This
might be a reason that the stem-like cells do not respond
to the treatment with TAM. In addition, the expression of
Notch-1 was higher in MCF7-TR cells when compared
with the parental MCF-7 cells (Figure 3C). In addition, the
Notch intracellular domain (NICD) was higher in TR cells
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than in MCF-7 cells significantly (Figure 3C). Furthermore,
CD44 expression was higher in MCF7-TR cells than in
the control cells (Figure 3C). These results confirmed
that the long-term treatment with TAM increased the
Notch-1 mediated signaling in TR cells. Further analysis
using Notch-1 antibodies with ChIP, quantitative RT-PCR
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Figure 3 Identification of stem-like characteristics. (A) MCF7-TR cells formed a significantly higher number of mammospheres when

treated with TAM. (B) Quantitative data of number of mammospheres formed when compared with respective control cells (P<0.05). (C)
Western blot data showed that MCF7-TR cells overexpress Notch-1, NICD and CD44 and equal loading normalized with B-actin. (D)
NOTCH-1 Chromatin immunoprecipitation by using PCR showed a significant increase in the ¢yc/in D1 expression in MCF7-TR cells. *,

significance at P<0.001 compared with MCF-7 cells.

showed that cyclin D was significantly higher in MCF7-
TR cells due to TAM that induced the gene transcription
of Notch-1 (Figure 3D). These results revealed that TR
induces cell cycle progression and epigenetic changes,
which increases the stem cell signaling in breast cancer cells.

TAM treatment induces the epigenetic changes associated
with the development of MDR

We performed 123 gene expression analysis using the
MCF-7 and MCF7-TR cells. The treatment with TAM

© Stem Cell Investigation. All rights reserved.

resulted in the overexpression of histone demethylase,
MDR genes, cell cycle regulators and stem cell marker
genes (Figure 44). Furthermore, the expression of
23 genes was under-regulated and 7 genes did not
alter (Figure 44). The customized PCR array results
suggested that several ATP-binding cassette family
genes, ABCCI, ABCC2, ABCC3 and ABCG?2, were
upregulated significantly, confirming the development
of MDR in MCF7-TR cells than in parental MCF-7
cells. In addition, we found that some stem cell marker
genes, such as CD44, EPCAM, OCT4 and DCLKI, were
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Figure 4 TAM resistant cells are epigenetically altered and express stem-like characteristics and multidrug resistance. (A) Heat maps of

qRT-PCR gene expression in epigenetic regulator histone demethylases, cell cycle regulators, cancer multidrug resistant genes and stem cell

marker genes and were customized by using Qiagen PCR array. We analyzed the expression of 123 genes in MCF-7 and MCF7-TR cells. (B)
Cell viability assay after the treatment of chemotherapeutic drug doxorubicin (5 pM) in MCF7-TR and MCEF-7 cells. The cell viability did
not alter in MCF7-TR cells. However, cell viability reduced significantly in MCF-7 cells after treatment with doxorubicin. (C) The cartoon

image shows that the treatment with TAM induces epigenetic regulation, stem cell proliferation and the development of MDR.

overexpressed significantly in MCF7-TR cells than in
parental MCF-7 cells, indicating the development of
stem-like phenotypes in MCF7-TR cells. Furthermore,
we analyzed the gene expression of 28 epigenetic histone
demethylase in MCF7-TR cells, which showed that
12 histone demethylases were overexpressed (EHMT?2,
SETDI1A, SETDIB, SETD4, SETDS, SETDBI, KDM6A,

© Stem Cell Investigation. All rights reserved.

KDMS8, $M7D4, FARID1A, IM7D2B, FM7D3) and the
others were underexpressed (DOT1L, SETDB2, SETD?2,
SETD3, SETD6, SETD7, SETDS, UTY, KDM3B, PHF2,
FJARIDIC, JARIDID, JARID2, M7D2A4, JMJD2C,
JMFD2D). The heat map indicates clearly that the gene
expression status was altered in MCF7-TR cells than in
MCEF-7 parental cells (Figure 4A4).
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MCF7-TR cells develop resistant to doxorubicin

MCF-7 and MCF7-TR cells were cultured with and
without doxorubicin (5 pM) for 48 h. The cell survival was
significantly higher in MCF7-TR cells when compared
with MCF-7 cells. However, doxorubicin treatment
killed MCF7-TR cells slightly but it is not significant
when compared with untreated MCF-7 and MCF7-TR
cells (Figure 4B). This result demonstrates that TR cells
have acquired epigenetic changes associated with the
overexpression of ABC transporters and stem-like genes
that leads to MDR in breast cancer cells (Figure 4C).

Discussion

Our present study suggested that the treatment with TAM
can alter the epigenetic regulators, which then could induce
the expression of stem-like genes and the development of
MDR in ERa+ breast cancer cells. We established TR in
MCEF-7 cells by continuing the treatment with TAM for 6
months. Our ALDEFLUOR assay data showed that TR
cells have a higher number of stem-like cells. Furthermore,
our study demonstrated that the MCF7-TR-derived
ALDH1+ cells formed a higher number of mammospheres
than MCF-7-derived mammospheres. In this context, a
recent study by Wang et 4/. (23) suggested that ERa36 plays
an important role in TR and induces stem-like phenotypes
and the expression of ALDHI1. However, isoform ERa66
expression was found to be decreased in estrogen receptor-
activated stemness in breast cancer cells (24). Our study
showed that MCF7-TR cells have higher Notch-1
expression, which could activate stem cell signaling and
induce cell proliferation through cyc/in D1 genes that can
result in cell proliferation. Consistent with our findings,
Hao et al. (25) have shown that estrogen receptor signaling
activates Notch-1 signaling through IKKa in breast cancer
cells. Estrogen-resistant breast cancer cells have ALDHI
activity which increases the NOTCH#4 signaling that leads
to a higher number of breast cancer stem cells (26). A
crosstalk between Notch4 and PKCa in estrogen resistance
breast cancer has also been demonstrated previously (27).

In the present study, the expression of 28 epigenetic
histone demethylase genes was analyzed in MCF7-TR
cells, which showed that 12 histone demethylases were
overexpressed (EHMT2, SETD1A, SETDI1B, SETD4,
SETDS, SETDB1, KDM6A, KDMS8, JM7D4, JARIDI1A,
FMFD2B, 7M7D3) and the others were underexpressed. Our
results have shown a 248-fold overexpression of 7M7D2B/
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KDM4B in ER+ MCF7-TAMR cells when treated with
TAM. A recent study (28) has shown that SERM induced
the expression of F-box-mediated complex degradation
of 7M7D2/KDM4B. Studies have shown that SETDBI1
was overexpressed almost 50-fold in MCF7-TR cells and
this could induce the epithelial to mesenchymal transition
(EMT) and induce metastasis in breast cancer cells (29,30).
FMFD3 was overexpressed (12-fold) in MCF7-TR cells
and it could be involved in the regulation of stem cell
genes. In contrast, a recent study (31) has suggested that
the ectopic overexpression of FM7D3 may lead to reduced
stem-like character and reduced OCT-4 genes. EHMT?2 is a
metastatic regulator overexpressed in TR cells and it could
induce cell migration and metastasis. In addition, EHMT?2
regulating E-cadherin, Claudin 1 and Vimentin induced
EMT by activating invasion and migration of breast cancer
cells (32).

KDM3B overexpression associated with better prognosis
in breast cancer cells has already been reported (33).
However, MCF7-TR cells have shown underexpression
of KDM3B (425-fold) in TR condition, which may lead
to advanced types of cancer. JM7D2D was involved in the
regulation of transcription factors, such as estrogen and
androgen receptors (34). The present study showed that
FMFD2D expression was downregulated by 95-fold in
MCEF7-TR cells, and it could be TAM that modulates the
expression of 7M7D2D in breast cancer cells.

Our results have also shown that the gene expression
of stem cell markers, such as CD44, DCLKI, OCT-4 and
ABCG2 was higher in MCF7-TR cells significantly, which
indicates that treatment with TAM increases the stem-like
phenotypes. In addition, ALDH1 was found to be expressed
highly in MCF7-TR cells when compared with parental
MCEF-7 cells. In consistent with the previous studies (6,23),
the treatment with TAM increases the stem-like phenotypes
in breast cancer cells. Interestingly, the expression of
EPCAM and DCLK-1 genes was higher in MCF7-TR cells
when compared with MCF-7 parental cells.

The MCEF7-TR cells have higher expression of
MDR genes, such as ABCC1, ABCC3, ABCC5 and
ABCG2 and lead to multidrug resistance. Furthermore,
chemotherapeutic drug doxorubicin did not kill MCF7-
TR cells. Previous studies (4,12,35) have also supported the
notion that the treatment with TAM induces the expression
of ABC transporter in breast cancer cells and lead to
the development of MDR in breast cancer cells. Turner
et al. (36) demonstrated the FGF signaling associated
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with TAM resistance. Consistently, our data have also
shown that the expression of FGF increased many folds
in MCF7-TR cells. CYP2B6 polymorphism was observed
in early hormone receptor-positive breast cancers (37).
Our results showed an overexpression of CYP2B6 and it
could be an increased copy number and associated with the
overexpression of CYP2B6 gene in MCF7-TR cells.

Conclusions

The present study provides the evidence that treatment
with TAM alters various signaling molecules epigenetically,
induces stem-like phenotypes and develop MDR in breast
cancer cells. This study suggests that the first-line treatment
with TAM in ERa positive breast cancers could develop
as MDR cancers. Therefore, targeting the epigenetic
regulators may alter the development of MDR potentially
and stem cell-like phenotypes in breast cancer cells.
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