
Biochemical and Biophysical Research Communications 427 (2012) 47–53
Contents lists available at SciVerse ScienceDirect

Biochemical and Biophysical Research Communications

journal homepage: www.elsevier .com/locate /ybbrc
ERa positively regulated DNMT1 expression by binding to the gene promoter
region in human breast cancer MCF-7 cells

Jun-Feng Shi a,b,c,1, Xing-Jia Li a,c,1, Xin-Xin Si a,c, An-Di Li a,c, Hai-Jian Ding a,c, Xiao Han a,b, Yu-Jie Sun a,b,c,⇑
a Key Laboratory of Human Functional Genomics of Jiangsu Province, Nanjing Medical University, Nanjing, China
b State Key Laboratory of Reproductive Medicine, Nanjing Medical University, Nanjing, China
c Department of Cell Biology, Nanjing Medical University, Nanjing, China

a r t i c l e i n f o
Article history:
Received 18 August 2012
Available online 10 September 2012

Keywords:
Breast cancer
ERa
DNMT1
DNA methylation
Paclitaxel resistance
0006-291X/$ - see front matter � 2012 Elsevier Inc. A
http://dx.doi.org/10.1016/j.bbrc.2012.08.144

⇑ Corresponding author at: Key Laboratory of Hum
Jiangsu Province, Nanjing Medical University, Nan
86862731.

E-mail addresses: njm_x.student@sina.com (J.-F. Sh
J. Sun).

1 These authors contributed equally.
a b s t r a c t

Estrogen receptors (ER) are expressed in approximately 65% of human breast cancer. Clinical trials and
retrospective analyses showed that ER-positive (ER+) tumors were more vulnerable to development of
chemotherapy resistance than ER-negative (ER�) tumors. The underlying mechanism is still to be eluci-
dated. Aberrant DNA methylation has been recognized to be associated with cancer chemotherapy resis-
tance. Recently, steroid hormone and their receptors have been found to be involved in the regulation of
methyltransferases (DNMTs) and thereby contribute to chemotherapy resistance. The purpose of this
study is to explore whether ERa could directly regulate the DNMTs expression. We first analyzed the
methylation alterations and its correlation with the expression levels of three types of DNMTs in our
established paclitaxel-resistant breast cancer lines, MCF-7(ER+)/PTX and MDA-MB-231(ER�)/PTX cell
lines, using qMSP, real-time PCR and Western blot. Then we determined the function of ERa in regulation
of DNMT1 using luciferase report gene systems. Our data demonstrated for the first time that ERa could
upregulate DNMT1 expression by directly binding to the DNMT1 promoter region in MFC-7(ER+)/PTX
cells.

� 2012 Elsevier Inc. All rights reserved.
1. Introduction

Breast cancer is one of the most common worldwide diseases in
women, and usually treated by surgery accompanied by adjuvant
endocrinotherapy or chemotherapy [1,2]. Estrogen receptor (ER)
is expressed in approximately 65% of human breast cancer [3,4].
Around 40% of patients with ER-positive breast cancer inevitably
relapse and these hormone refractory tumors often have a poor
prognosis, although patients with ER-positive breast cancer have
better prognosis than ER-negative breast cancer benefitting from
endocrine therapy [5,6]. Cumulative data from clinical trials and
retrospective analyses showed that ER-positive tumors were more
vulnerable to resistance to chemotherapy agents including paclit-
axel (PTX), a first-line chemotherapeutic drug, than ER-negative
tumors [7–9]. The underlying mechanism is still to be elucidated.

ER is a member of the super family of nuclear receptors that
function as transcription factors. In addition to estrogen-induced
activation, it also interacts with growth factor pathways [10,11].
ll rights reserved.
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ER proteins have two different isoforms, ERa and ERb. It is known
that ERa rather than ERb plays a crucial role in breast cancer devel-
opment [12–14]. Recent study has revealed that expression of ERa
interferes with paclitaxel-induced apoptotic cell death of MCf-7
breast cancer cells [8]. To study the functional role of ER in develop-
ment of drug resistance of breast cancer, our laboratory established
paclitaxel-resistant cell lines, MCF-7(ER+)/PTX and MDA-
MB-231(ER�)/PTX [15]. We found that expression of ERa was
significantly increased in paclitaxel-resistant MCF-7 cells
(MCF-7(ER+)/PTX) compared with the parent cell line (MCF-7),
while ERa expression was not detective in ERa-negative paclit-
axel-resistant MDA-MB-231(ER�)/PTX cells [15]. All together,
these observations suggested that ERa played an important role
in development of chemotherapy resistance of ER-positive breast
cancer cells.

Disruption of the DNA methylation landscape is one of the most
common features of human tumors. Aberrant DNA methylation has
been recognized to be associated with the transcriptional inactiva-
tion of genes related to cancer drug resistance development [16–
18]. Segura-Pacheco B and his colleagues have shown that the mul-
tidrug resistant (MDR) phenotype was accompanied by global DNA
hypermethylation, over expression of DNMT genes, and increased
DNA methyltransferase activity as compared with wild-type
MCF-7 cells. Clearly, DNA hypermethylation is at least partly
responsible for development of the MDR phenotype in the MCF-7
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drug resistance model [19]. Thus, evaluation of the mechanisms by
which DNA methylation is disrupted is of great importance for
understanding the development of drug resistant phenotype and
improving cancer chemotherapy.

DNA (cytosine-5) methyltransferases (DNMTs) is divided into
three subtypes, DNMT1, DNMT3a, and DNMT3b [20]. DNMT1 is
primarily a maintenance methyltransferase, as it prefers to meth-
ylate hemimethylated DNA during DNA replication. DNMT3a and
DNMT3b are mainly de novo methyltransferases and show similar
activity on unmethylated and hemimethylated DNA [21–24].
Recently, steroid hormone and their receptors have been found
to be involved in the regulation of DNMTs and thereby influence
DNA methylation [25,26]. It was reported that estrogen treatment
increased the expression of DNMT3b and that hormonal therapy
promoted hormone resistant phenotype by increasing DNMT activ-
ity and expression in prostate cancer models [25,27]. However,
whether ERa can directly regulate DNMTs expression to alter
DNA methylation in drug resistance breast cancer is still unclear.
The purpose of this study is to explore whether ERa influences
genomic DNA methylation by directly regulating the DNMTs
expression. In this study we first analyzed the methylation status
and its correlation with the expression levels of three types of
DNMTs in our established paclitaxel-resistant breast cancer lines,
MCF-7(ER+)/PTX and MDA-MB-231(ER�)/PTX as well as their
parental cell lines using qMSP, real-time PCR and Western blot.
Then we determined the function of ERa in regulation of DNMT1
using luciferase report gene system. Our work demonstrated that
ERa could upregulate DNMT1 expression by directly binding to
the DNMT1 promoter region in MFC-7(ER+)/PTX cells.

2. Materials and methods

2.1. Cell lines and cell culture

The human breast cancer cell lines MCF-7 and MDA-MB-231
were obtained from the ATCC. The paclitaxel resistance cell lines
MDA-MB-231(ER�)/PTX was established by pulse selection with
paclitaxel (100 nM, 10 pulses, once a week for 4 h), and MCF-
7(ER+)/PTX cells (200 nM, 10 pulses, once a week for 4 h) [15].
MCF-7 and MCF-7(ER+)/PTX cells were cultured in EMEM contain-
ing 10% (v/v) fetal bovine serum and insulin (0.2 U/ml), whereas
MDA-MB-231 and MDA-MB-231(ER�)/PTX cells were cultured in
L-15 containing 10% (v/v) calf bovine serum.

2.2. RNA extraction and quantitative real-time PCR

Total RNA was extracted using Trizol reagent (Invitrogen)
according to the manufacturer’s protocol. To prepare cDNA, 1 lg
of total RNA was reverse-transcribed according to TOYOBO manu-
facturer’s instructions. Primers designed for specifically real-time
PCR were listed in Table 1.
Table 1
Primers used in the present study.

Primers Sequence (50–30)

qMSP LINE1 M-F GTCGAATAGGAATAGTTTCGG
LINE1 M-R ACTCCCTAACCCCTTACGCT
Actin-F TGGTGATGGAGGAGGTTTAGTAAG
Actin-R AACCAATAAAACCTACTCCTCCCTTAA

RT-PCR DNMT1-F CCTGAGGCCTTCACGTTCAA
DNMT1-R ACTTGTGGGTGTTCTCAGGC
DNMT3a-F CAGCGTCACACAGAAGCATATC
DNMT3a-R ACCACATTCTCAAAGA GCCAGA
DNMT3b-F GGATGAAGATCAGAGCCGAGAA
DNMT3b-R CAGGCACTCCACACAGAAACAC
Actin-F TCATGAAGTGTGACGTGGACAT
Actin-R CTCAGGAGGAGCAATGATCTTG
2.3. DNA extraction and quantitative methylation specific real-time
PCR (qMSP)

Total DNA was extracted using Multisource Genomic DNA Mini-
prep Kit (Axygen) according to the manufacturer’s protocol. 1 mg of
genomic DNA from each sample was modified by sodium bisulfite
with the CpGenome™ DNA Modification Kit (Chemicon). LINE-1 is
a non-LTR class of retrotransposons in human genome and com-
prises approximately 18% of human genome. Therefore the level
of LINE-1 methylation could be regarded as a surrogate of global
DNA methylation [28,29]. b-Actin was used to normalize for input
DNA, a region of b-actin devoid of any CpG dinucleotide was ampli-
fied. The primer sequences used in this study were listed in Table 1.

2.4. Plasmids

For overexpression of ERa we used the pcDNA3.0 construct con-
taining ERa full length cDNA. For silencing of ERa oligonucleotide:
sense 50-GATCCCCGCTACTGTTTGCTCCTAACTTCAAGAGAGTTAG-
GAGCAAACAGTAGCTTTTTGGAAA-30; antisense 50-AGCTTTTCCAAA
AAGCTACTGTTTGCTCCTAACTCTCTTGAAGTTAGGAGCAAACAGTAG
CGGG-30 were purchased from Invitrogen and cloned into pGC (for
transient transfection).

2.5. Transient transfection

MCF-7 cells and MCF-7(ER+)/PTX cells were planted in a six-
well plate at a density of 1 � 106 cells/well and incubated over-
night in EMEM supplemented with 10% FBS. PcDNA3.0-ERa and
pGC-ERa-shRNA plasmid were diluted in serum-free EMEM med-
ium (250 ll) and then mixed with Lipofectamine™ 2000 (Invitro-
gen). Then, 6 h after transfection, culture medium was changed
to normal medium. As a negative control, pcDNA3.0 and pGC-con-
trol-shRNA were used.

2.6. Western blot

Total cellular protein extracts were obtained using ice-cold lysis
buffer. Twenty micrograms of total protein per sample were sepa-
rated on 8% SDS–polyacrylamide gel and transferred to PVDF mem-
branes (Bio-Rad). After blocking in 5% skimmed milk for 1 h,
membranes were incubated with a primary antibody overnight at
4 �C. Membranes were washed with 3 times for 10 min in TBST and
incubated with a HRP-conjugated secondary antibody (R&D) for
1 h at room temperature. After washing 3 times for 10 min in TBST,
the membranes were developed by ECL detection system. Quantifi-
cation was performed using the Quantity One (Bio-Rad). Antibodies
against DNMT1 and DNMT3b were purchased from cell signaling
technology, anti-b-actin was obtained from Sigma–Aldrich.

2.7. Cell proliferation assay

Cells were seeded at a density of 8000 cells per well for MCF-7
cells or MCF-7(ER+)/PTX cells in 96-well plates. The cells were then
treated with chemotherapeutic agent paclitaxel. At the end of the
culture, 10 ll 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoli-
um bromide (MTT, 5 mg/ml) were added to each well. Then,
150 ll of dimethylsulfoxide were added to each well to lyse the cells.
Absorbance was measured at 570 nm using a microplate reader.

2.8. Colony formation assay

Transfected cells were re-seeded onto 6-well plates at 400 cells
per well. Two weeks later, colonies were fixed with 100% methanol
for 15 min and stained with crystal violet for 20 min. After taking
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photographs, the number of colonies with diameter more than
1.5 mm was counted.

2.9. Luciferase reporter assay

The promoter of human MDR1 gene was amplified by PCR using
the following primers: forward; 50-GGGGTACCCCCTTTACCAGA-
TAATACAGTTTGC-30, reverse; 50-TAGGAAGCTTCGCAGACGACTTCG
GAGGCTC-30. PCR products were cloned into the multi-cloning
sites of the pGL3 reporter plasmid (Ambion), obtaining the WT fire-
fly luciferase reporter gene. To introduce mutations into the seed
sequences of three ERE sites within the DNMT1 promoter and gen-
erate the DNMT1 MT1, MT2, and MT3 reporter genes, which mu-
tated at each of three potential ERa binding sites (at positions
�1336 to �1313, �734 to �714, and �114 to �92, respectively)
were constructed by overlap extension PCR. The primers used were
as follows: MT1 forward; 50-CTGGCCCAATGATTTAGCTTAGG-30, re-
verse; 50-CCTAAGCTAAATCATTGGGCCAG-30, MT2 forward; 50-AGA-
CACCAGTGTGCTCTGTC-30, reverse; 50-GACAGAGCACACTGGTGTCT-
30, MT3 forward; 50-TGCCTCCAATGACTACGCTACC-30, reverse;
50-GGTAGCGTAGTCATTGGAGGCA-30 (Fig. 3D). Cells seeded onto
24-well plates were co-transfected with firefly reporter constructs
containing the MDR1 promoter, Renilla expressing plasmid, phRL-
TK, and ERa plasmid or negative control using Lipofectamine 2000.
Firefly luciferase activity and Renilla luciferase activity were mea-
sured 30 h after the initiation of transfection by the Dual Luciferase
Asssay Systems (TOYOBO). Firefly luciferase activity was normal-
ized to Renilla luciferase activity.
3. Results

3.1. Genomic DNA methylation was significantly altered in paclitaxel-
resistant breast cancer cells

To evaluate the alteration of genomic DNA methylation during
development of paclitaxel resistance of breast cancer cells and its
possible correlation with ER, we analyzed the methylation level
of LINE-1 promoter in our established paclitaxel-resistant cell lines
MCF-7(ER+)/PTX and MDA-MB-231(ER�)/PTX as well as their cor-
responding parental cell lines using quantitative methylation spe-
cific real-time PCR (qMSP). By methylation analysis, we found that
the level of LINE-1 methylation was dramatically up-regulated in
MCF-7(ER+)/PTX cells compared with the parental MCF-7 cells,
whereas the level of LINE-1 methylation was down-regulated in
MDA-MB-231(ER�)/PTX cells compared with the parental MDA-
MB-231 cells (Fig. 1A). These results suggested that genomic
DNA methylation was significantly altered in paclitaxel-resistant
breast cancer cells and ER might contribute to the genomic DNA
hypermethylation.

3.2. The expression levels of DNMT1 was correlated to alterations of
genomic DNA methylation in paclitaxel-resistant breast cancer cell
lines

To determine the change in expression of DNMTs correlated to
observed alterations of DNA methylation in the drug resistant
breast cancer cell lines, we analyzed expression levels of DNMT3a,
DNMT3b and DNMT1 in MCF-7(ER+)/PTX and MDA-MB-231(ER�)/
PTX cells and their parental cell lines with real-time PCR and
Western blot. The expression of DNMT1 mRNA and protein were
significantly increased in MCF-7(ER+)/PTX cells and decreased in
MDA-MB-231(ER�)/PTX cells, which was consistent with the alter-
ations of genomic DNA methylation in the cell lines (Fig. 1B and C).
The expression of DNMT3a was not significantly changed in the
two drug resistant cell lines, when compared with their parental
cell lines. The expression of DNMT3b was increased in both MCF-
7(ER+)/PTX cells and MDA-MB-231(ER�)/PTX cells (Fig. 1B and
C). These data indicated that the alterations of genomic DNA meth-
ylation induced by paclitaxel in the drug resistant breast cancer
cell lines was specifically correlated to expression level of DNMT1.

3.3. Ectopic expression of DNMT1 increased the resistance of MCF-7
cells to paclitaxel

In order to determine whether increased expression of DNMT1
contributes to paclitaxel-resistance of breast cancer cells, we eval-
uated effects of ectopic expression of DNMT1 in paclitaxel-sensi-
tive MCF-7 cells. Western blot assay indicated that DNMT1
expression significantly increased at early phase (2 days after
transfection with DNMT1) (Fig. 2A). Correspondingly, the MCF-7
cells transfected with DNMT1 were more resistant than those
transfected with a control plasmid as revealed by cell proliferation
assay (Fig. 2B and C). These results suggested that DNMT1 contrib-
uted to the development of PTX resistance phenotype in MCF-7
cells.

3.4. Knockdown of DNMT1 attenuated paclitaxel-resistance of
MCF-7(ER+)/PTX cells

To further confirm the contribution of DNMT1 to PTX resistance,
we performed DNMT1 knockdown experiments. The level of
DNMT1 in PTX-resistant MCF-7(ER+)/PTX cells was knocked down
with plasmid expressing DNMT1 short hairpin RNAs (shRNA).
Western blot analysis conformed that shRNA targeted to DNMT1
in MCF-7(ER+)/PTX cells effectively reduced the expression level
of DNMT1 (Fig. 2D). Knockdown of DNMT1 in MCF-7/PTX cells in-
creased the sensitivity of cells to paclitaxel (Fig. 2E and F). Further-
more, we used 5-Aza-20-deoxycytidine (5-aza-dC), a kind of
nucleoside analogue that can inhibit DNA cytosine methylation,
to treat PTX-resistant MCF-7(ER+)/PTX. As expected, treatment of
cells with 5-aza-dC significantly increase the sensitivity of the cells
to paclitxel (Fig. 2G), which was consistent with the result in
Fig. 2F. Taken together, our data strongly suggested that DNMT1
was directly responsible for paclitaxel resistance in MCF-7(ER+)/
PTX cells.

3.5. ERa enhanced transcriptional activity of the DNMT1 gene by
directly binding to the promoter region

In order to determine the functional role of ER in regulation of
DNMT1, we analyzed DNMT1 promoter region for the potential
ERa binding site using the Genomatix software (http://www.gen-
omatix.de/index.html) and found three putative ERa binding se-
quences. To prove that DNMT1 is a direct target of ERa, we
constructed a firefly luciferase reporter construct containing the
DNMT1 promoter with these potential target sites (DNMT1-WT).
The paclitxel-resistant MCF-7(ER+)/PTX cells and paclitxel-sensitive
MCF-7 cells were then transfected with the DNMT1-WT construct.
Our data showed that the luciferase activity was higher in
paclitxel-resistant MCF-7(ER+)/PTX cells that expressed high level
of ERa than in paclitxel-sensitive MCF-7 cells that expressed lower
level of ERa (Fig. 3A and B). To further observe the effect of ERa on
promoter activity of the DNMT1 gene, MCF-7 cells were transfected
with ERa expression vector. As indicated in (Fig. 3C), introduction of
ERa into MCF-7 cells increased luciferase activity of DNMT1-WT
compared with that of a control vactor. In contrast, knockdown of
ERa in MCF-7(ER+)/PTX cells decreased the luciferase activity of
DNMT1-WT compared with the control. These data suggested that
ERa could upregulate the DNMT1 promoter activity.

To validate that ERa regulate the DNMT1 promoter activity via
directly binding to the putative ERa binding sites (site 1, 2, or 3),
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Fig. 1. The expression of DNMT1 mRNA and protein were significantly increased in MCF-7(ER+)/PTX cells and decreased in MDA-MB-231(ER�)/PTX cells, which was
consistent with the alterations of genomic DNA methylation in the cell lines. (A) Quantitative methylation specific real-time PCR (qMSP) was performed to measure the
genomic DNA methylation status in both paclitaxel-resistant cells and their corresponding parental control cells. (B) Real-time PCR was performed to check DNMTs
transcriptional levels. (C) Western blot was performed to check DNMTs protein levels.

Fig. 2. The expression level of DNMT1 was responsible for paclitaxel resistance of ER-positive breast cancer. (A) Western blot was performed with lysate of MCF-7 cells
transfected with cDNA of DNMT1 to confirm DNMT1 overexpression. (B, C) The number of viable of MCF-7 cells transfected with a negative control or DNMT1 was treated
with the concentrations of paclitaxel using colony formation assay and MTT assay. (D) Western blot was performed to measure the amount of DNMT1 in MCF-7/PTX cells
transfected with DNMT1-shRNA for 48 h. (E, F) Proliferation of MCF-7(ER+)/PTX cells transfected with a negative control or DNMT1-shRNA was determined by a cytotoxicity
assay. (G) MCF-7(ER+)/PTX cells treated with DNMTs inhibitor 5-aza-dC was measured by MTT assay in present of paclitaxel.
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Fig. 3. ERa enhanced transcriptional activity of the DNMT1 gene by directly binding to the promoter region. (A) ERa binding sites in human DNMT1 gene promoter and the
construct of luciferase report gene DNMT1-WT. (B) Luciferase reporter assay was done to measure the activity of DNMT1-WT. (C) Luciferase reporter assay was performed to
detcet that ERa can regulate the activity of DNMT1 promoter region. (D) Mutations were introduced into the seed regions of all three ERa binding sites. (E) Luciferase reporter
assay showed that ERa could enhance DNMT1 transcriptional activity by directly binding to the sites 2 and 3 of the DNMT1 promoter.
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we generated DNMT1 promoter firefly luciferase reporter gene
constructs in which one of the putative ERa binding sites was mu-
tated (DNMT1-MT1, MT2, or MT3) (Fig. 3D). MCF-7 cells were then
transfected with each reporter gene construct together with the
ERa expression vector. We found that mutation in MT2 or MT3 sig-
nificantly decreased luciferase activity (Fig. 3E), while mutation in
DNMT1-MT1 had no significant effect. These data clear indicated
that ERa could enhance DNMT1 transcriptional activity by directly
binding to the sites 2 and 3 of the DNMT1 promoter.
4. Discussion

Accumulative evidence has associated disruption of DNA meth-
ylation with chemotherapy resistance of cancer cells. Recently
influence of steroid hormones and their receptors on DNA methyl-
ation status have begun to draw attention. In this study, we
explored whether ERa influenced genomic DNA methylation
through regulation of the DNMTs expression in our established
paclitaxel-resistant breast cancer cells. We confirmed that
paclitaxel induced opposite alterations of global DNA methylation
in ER-positive and ER-negative breast cancer cells. The alterations
were correlated to DNMT1 expression levels. Furthermore, over
expression of DNMT1 expression decreased the sensitivity of
MCF-7(ER+) cells to paclitaxel, while knockdown of DNMT1
expression increased the sensitivity of the cells to paclitaxel. By
bioinformatic analysis and reporter gene system with the selected
mutations in putative ER binding sites within DNMT1 promoter,
we confirmed that ERa could enhance the transcription activity
of DNMT1 gene through directly binding to ERE sequence (sites 2
and 3) of DNMT1 promoter in ER-positive MCF-7 cell lines.

Aberrant DNA methylation was the first epigenetic mark to be
associated with drug resistance, while DNMTs control the degree
of global genomic methylation [30,31]. DNMT3 is the first DNMT
that has been recognized to be associated with the aberrant DNA
methylation related to cancer development and cell chemotherapy
resistance [32,33]. For example, DNMT3b gene amplification has
been shown to positively related to resistance to DNA demethylat-
ing drugs of embryonal carcinoma cells [34]. In neuroblastoma
cells DNMT3b7, a truncated DNMT3b, modifies the epigenome to
induce changes in gene expression, inhibit tumor growth, and
increase sensitivity to ATRA [35]. Subset of primary breast cancers
and breast cancer cell lines express a hypermethylation defect
(characterized by DNMT hyperactivity and DNMT3b over
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expression) which contributes to chemotherapy resistance and
provides a target for development of new treatment strategies
[36]. In this study we verified that DNMT1, instead of DNMT3b,
was specifically associated with global genomic methylation in
two paclitaxel resistant breast cancer cell lines, MCF-7(ER+)/PTX
and MDA-MB-231(ER�)/PTX that display hyper- and hypomethy-
lation, respectively, although paclitaxel-induced expression of
DNMT3b was observed in these two PTX-resistant breast cancer
cell lines. These observations imply that DNA methylation machin-
ery is widely involved in drug resistance of cancer cells. The base
for the regulation DNA methylation may vary, depending on cell
type or subtype and stress that cells are facing. In the case of breast
cancer cells, the ER expression level should be a critical factor for
response of cellular DNA methylation machinery to environmental
stress. This notion is supported not only by our observation that
DNMT1 expression was specifically correlated with ERa expression
of the two paclitaxel resistant cell lines, but also by our finding that
ERa could directly bind to ER response elements in DNMT1
promoter and regulate DNMT1 transcription.

A large variety of proteins were reported to interact with
DNMT1, ranging from DNA methyltransferases, DNA binding pro-
teins, chromatin modifiers and chromatin binding proteins to tu-
mor suppressors, cell cycle regulators and transcriptional
regulators [37]. However, the functional role of ER in regulation
of DNMT1 is not evaluated. Our data for the first time linked ER
with the regulation of DNMT1 expression and provided the direct
evidence that ERa could promote genomic DNA methylation
through upregulation of DNMT1 in ER-positive breast cancer cells.
Combining this finding with our observations that paclitaxel signif-
icantly induced ER expression in breast cancer cells and DNMT1
expression level was positively correlated to drug resistance of
ER-positive breast cancer, we proposed that drug-induced ER
expression might be one of the important mechanisms of chemo-
therapy resistance in breast cancer cells. This implies that the
inhibitor of ERa may be helpful both in sensitizing ER-positive
breast cancer cells to chemotherapy and in overcoming chemo-
therapy resistance of breast cancer. Therefore, our primary study
revealed a novel possibility for improving chemotherapy of breast
cancer and other steroid hormone dependent tumors. Extensive
study in this area deserves carrying out.
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