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Anticancer effect of metformin on estrogen receptor-positive
and tamoxifen-resistant breast cancer cell lines
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Abstract. Acquisition of tamoxifen resistance (TR) during
anti-estrogenic therapy using tamoxifen is a major obstacle in
the treatment of estrogen receptor (ER)-positive breast cancer.
As a biguanide derivative, metformin is commonly used to
treat type II diabetes. It has recently emerged as a potential
anticancer agent. The objective of the present study was to
investigate the anticancer activity of metformin in relation
to ERa expression and its signaling pathway in ERa-positive
MCF-7 and MDA-MB-361 breast cancer cells as well as
TR MCF-7 breast cancer cells. Metformin inhibited both
protein and mRNA levels of ERa in the presence or absence
of estrogen (E2) in the MCF-7, TR MCF-7 and MDA-MB-361
cells. Metformin repressed E2-inducible estrogen response
element (ERE) luciferase activity, protein levels and mRNA
levels of E2/ERa-regulated genes [including c-Myc, cyclin D1,
progesterone receptor (PR) and pS2] to a greater degree
than tamoxifen, resulting in inhibition of cell proliferation
of MCF-7, TR MCF-7 and MDA-MB-361 cells. Collectively,
our results suggest that one of the anticancer mechanisms of
metformin could be attributable to the repression of expression
and transcriptional activity of ERa.. Metformin may be a good
therapeutic agent for treating ERa-positive breast cancer by
inhibiting the expression and function of ERa. In addition,
metformin may be useful to treat tamoxifen-resistant breast
cancer.

Introduction
Estrogen receptor (ER) is an important prognostic marker and

therapeutic target of breast cancer. There are two classes of ER:
ERa and ERP (1). ERa is predominantly expressed in breast
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ductal epithelial cells. It plays a crucial role in both mammary
carcinogenesis and breast cancer progression (2,3). ERa is a
member of the nuclear receptor superfamily of transcription
factors whose activity is primarily regulated by estrogen (E2)
binding. It regulates the transcription of target genes (4,5).
ERa-positive breast cancer accounts for 70% of all breast
cancer cases. Patients with these tumors are candidates for
anti-estrogen therapy after surgical treatment. Such therapy
is through blockage of binding of E2/ERa with selective ER
modulators (SERMs) such as tamoxifen or by inhibiting E2
biosynthesis using aromatase inhibitors (Als) (6). Only 60%
of all ERa-positive breast cancers are responsive to tamoxifen.
Unfortunately, the majority of these patients who do respond
well initially often develop resistance to tamoxifen therapy
and have relapse during their clinical courses (7). Although
acquisition of tamoxifen resistance (TR) is due to a variety of
factors, the mechanisms underlying this phenomenon remain
poorly understood.

As a biguanide derivative, metformin (1,1-dimethyl-
biguanide hydrochloride) can suppress insulin levels (8),
but increase insulin sensitivity of peripheral tissues (9).
Accordingly, it has been approved to treat type II diabetes
mellitus. Notably, several meta-analyses recently confirmed
that metformin therapy could reduce the incidence of cancers,
including breast and colorectal cancer, hepatocarcinoma and
cancer-related mortality (10-14). Moreover, metformin has
been reported to be able to inhibit proliferation and induce
apoptosis in triple-negative breast cancer cell lines (15,16).
The antitumor properties of metformin have been ascribed
to its ability to activate adenosine monophosphate kinase
(AMPK), thus, inhibiting the mammalian target of rapamycin
(mTOR), a promoter of cell growth and proliferation (8,17,18).
Based on these properties, metformin has gained increasing
attention as a potential anticancer agent (19). Metformin has
been shown to be able to reduce ER expression in endome-
trial tumors of women with type II diabetes mellitus (20).
However, its effect on the expression and function of ERa in
ERa-positive breast cancers regardless of diabetes is currently
unclear. Therefore, the objective of the present study was to
investigate the anticancer activity of metformin in relation
to ERa expression and its signaling pathway in ERa-positive
MCF-7 and MDA-MB-361 breast cancer cells, and TR MCF-7
breast cancer cells. Notably, it was found that metformin may
be more effective at inhibiting ERa signaling by estrogenic
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stimulation compared to tamoxifen for ERa-positive breast
cancers and that metformin may be an effective therapeutic
agent for treating tamoxifen-resistant breast cancer.

Materials and methods

Cell lines and reagents. Human breast cancer cell lines MCF-7
and MDA-MB-361 were purchased from the American Type
Culture Collection (ATCC; Manassas, VA, USA). MCF-7 cells
were cultured in RPMI-1640 medium supplemented with 10%
fetal bovine serum (FBS), 100 U/ml penicillin and 100 pg/ml
streptomycin (Gibco, Grand Island, NY, USA). MDA-MB-361
cells were cultured in Leibovitz's L-15 medium (Gibco)
supplemented with 20% FBS at 37°C in a 5% CO, humidified
incubator. Metformin, 173-estradiol (E2) and 4-hydroxy-
tamoxifen (4-OHT) were purchased from Sigma (St. Louis,
MO, USA). Metformin was dissolved in sterile water. E2 and
4-OHT were dissolved in ethanol. They were immediately
stored at -80°C.

Establishment of the tamoxifen-resistant (TR) MCF-7 cell
line. MCF-7 cells were cultured in phenol red-free RPMI-1640
medium supplemented with 10% charcoal stripped FBS (PAA
Laboratories, Morningside, Australia) to deplete estrogen. The
tamoxifen-resistant (TR) MCF-7 cell line was established from
MCF-7 cells following continuous exposure to 10°° M 4-OHT,
an active metabolite of tamoxifen (21,22). Under these condi-
tions, the growth rates of MCF-7 cells were reduced. However,
after ~2 months, cell growth was gradually increased, indi-
cating an acquisition of resistance to growth inhibition of
4-OHT. Designated TR MCF-7 cells were cultured for an
additional 4 months in medium containing 4-OHT before
characterization studies.

Isolation of RNA and quantitative real-time RT-PCR
(RT-gPCR). Total RNA was isolated using the RNeasy Mini
kit (Qiagen, Hilden, Germany). For cDNA synthesis, 1 pug of
total RNA was subjected to reverse transcription-polymerase
chain reaction (RT-PCR) assay using CycleScript RT PreMix
kit (Bioneer Corporation, Daejeon, Korea). RT-qPCR was
performed with Power SYBR-Green PCR Master Mix on
an ABI 7300 real-time PCR system (both from Applied
Biosystems, Warrington, UK) using the following cycling
conditions: 50°C for 2 min, 95°C for 5 min, followed by
40 cycles of 95°C for 30 sec, 55°C for ERa and pS2 or 60°C for
cyclin D1 for 30 sec, 72°C for 30 sec. The following primers were
used: 5'-AGCACCCAGTGAAGCTACT-3' (ERa-forward)
and 5-TAGGGCACACAAACTCCT-3' (ERa-reverse);
5'-TATGAATCACTTCTGCAGTGAG-3"' (pS2-forward)
and 5'-GAGCGTTAGATAACATTTGCC-3' (pS2-reverse);
5'-CGCCCCACCCCTCCAG-3' (cyclin Dl-forward) and
5'-CCGCCCAGACCCTCAGACT-3' (cyclin Dl-reverse);
and 5'-ATCATCCCTGCCTCTACTGG-3' (forward) and
5'-CCCTCCGACGCCTGCTT-CAC-3' (reverse) for GAPDH
as internal standard. Cycle threshold values were normalized
to those of GAPDH. The relative fold-change was calculated
using the 244t method.

Western blot analysis. Protein lysates were prepared with
RIPA buffer (20 mM Tris-HCI pH 7.5,2 mM EDTA, 150 mM
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NaCl, 1 mM sodium vanadate, 10 mM NaF, 2.5 mM sodium
pyrophosphate, 1% sodium deoxycholate, 0.1% SDS, 1%
NP-40) supplemented with protease inhibitor cocktail
(Roche, Mannheim, Germany). Protein concentrations were
determined using a BCA protein assay kit (Thermo Scientific,
Rockford, IL, USA). Protein samples (30 ug) were resolved
by SDS-PAGE and transferred onto polyvinylidene fluoride
(PVDF) membranes (Bio-Rad Laboratories). Membranes
were blocked with skim milk and incubated with the primary
antibodies. Following washing, the membranes were incu-
bated with horseradish peroxidase-conjugated anti-mouse
or anti-rabbit secondary antibody and developed with ECL
Plus Western Blot Detection System reagent (GE Healthcare
Biosciences, Piscataway, NJ, USA). Rabbit anti-ERa (1:2,000)
antibody was purchased from Millipore (Billerica, MA,
USA). Mouse anti-cyclin D1 (1:1,000), rabbit anti-TFF1/pS2
(1:1,000), rabbit anti-phospho-AMPKa (Thrl172, 1:1,000)
and rabbit anti-AMPKa (1:1,000) antibodies were purchased
from Cell Signaling Technology Inc. (Beverly, MA, USA).
Mouse anti-c-Myc (1:1,000) and rabbit anti-progesterone
receptor (PR) (1:1,000) antibodies were purchased from Santa
Cruz Biotechnology, Inc. (Dallas, TX, USA). A monoclonal
anti-pB-actin (1:5,000) antibody obtained from Sigma was used
to determine protein loading. Protein levels were quantified
using ImagelJ software (NIH, Bethesda, MD, USA).

Cell proliferation assay. Cells were seeded into 12-well
plates at a density of 5x10* cells/well (500 ul/well). After
incubation for 24 h, the cells were treated with metformin,
4-OHT and E2 in estrogen-depleted RPMI-1640 medium and
incubated for an additional 72 h. After that, the cells were
trypsinized and counted after staining with trypan blue dye
solution using the TC10™ Automated Cell Counter (Bio-Rad
Laboratories). The number of viable cells in each well was
calculated. Results are presented as relative percentage to the
control of each group from three independent experiments in
triplicates.

Luciferase assay. The transcriptional activity of ERa was
analyzed by luciferase assay using pGL2-3X ERE TATA luc
plasmid (Addgene, Cambridge MA, USA). Cells were seeded
into 12-well plates and grown to confluency. After co-trans-
fection with pGL2-3X ERE TATA luc and pRL-TK-luc
control plasmid (Promega, Madison, WI, USA) using
Lipofectamine 2000 reagent (Invitrogen, Carlsbad, CA, USA)
for 24 h, the cells were treated with metformin, 4-OHT and E2
in estrogen-depleted RPMI-1640 medium. After an additional
incubation for 24 h, luciferase activity was measured using
the Dual-Luciferase reporter assay system (Promega) and
normalized to pRL-TK-luc activity to correct for differences
in transfection efficiency. Results are presented as fold-change
relative to the control of each group from three independent
experiments in triplicates.

Statistical analysis. Each experiment was performed
independently at least three times. Data are presented as
mean + standard deviation for each experiment. Comparisons
between two groups were performed using the Student's t-test.
P<0.05 and P<0.01 were considered to indicate a statistically
significant result.
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Figure 1. Effect of 4-OHT on the proliferation of MCF-7 and TR MCF-7
cells. (A) MCF-7 and TR MCF-7 cells were seeded into 6-well plates at a
density of 2x10* cells/well in estrogen-depleted RPMI-1640 medium in
the presence of 4-OHT (10 M). Cell number was counted every 2 days by
trypan blue staining. Data represent the mean + SD of three independent
experiments conducted in triplicates. P-value was calculated compared to
the MCF-7 cells; "P<0.05. (B) MCF-7 and TR MCF-7 cells were treated with
or without 4-OHT in estrogen-depleted RPMI-1640 medium for 5 days.
Cell proliferation was determined by trypan blue staining. Data represent
the mean + SD of three independent experiments conducted in triplicates.
P-value was calculated compared to the untreated Ctrl cells; "P<0.05.

Results

Effect of 4-OHT on the proliferation of MCF-7 and
TR MCF-7 cells. To evaluate the acquisition of resistance to
the anti-estrogenic action of 4-OHT, we measured the cell
proliferation rate of proliferation MCF-7 and the TR MCF-7
cells every 2 days by counting cell numbers. The proliferation
rate of proliferation TR MCF-7 cells was significantly
higher than that of the MCF-7 cells in the presence of
4-OHT (Fig. 1A). We also determined the proliferation of
MCF-7 and TR MCEF-7 cells treated with 4-OHT or the control
vehicle (Ctrl) for 5 days. The proliferation of the 4-OHT-treated
MCEF-7 cells was inhibited by 50% compared to that of the Ctrl
cells. A slight decrease in the proliferation was observed in the
4-OHT-treated TR MCF-7 cells (Fig. 1B).

Metformin inhibits cell proliferation and ERo. protein levels in
MCF-7 and TR MCF-7 cells. We determined the proliferation
of MCF-7 and TR MCF-7 cells treated with metformin at a
concentration of 15,20 and 25 mM for 72 h. Compared to the
untreated control cells, metformin inhibited the cell prolifera-
tion of the MCF-7 and TR MCF-7 cells in a dose-dependent
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Figure 2. Metformin (Met) inhibits cell proliferation and expression of ERa in
MCEF-7 and TR MCF-7 cells. (A) Cells were treated with Met at a concentra-
tion of 15,20 and 25 mM for 72 h in each culture medium supplemented with
3% FBS. Cell proliferation was measured by cell counting using trypan blue
staining. (B) The expression levels of ERa, phospho(p)-AMPKa (Thr172)
and total AMPKo were examined by western blotting. 3-actin was evaluated
as a loading control. All data represent the mean + SD of three independent
experiments conducted in triplicates. P-value was calculated compared to the
untreated Ctrl cells; “P<0.05 and “"P<0.01.

manner (Fig. 2A). Compared to the untreated cells, the cell
proliferation of the MCF-7 and TR MCF-7 cells was inhibited
70 and 50%, respectively, by 25 mM metformin, indicating that
the TR MCEF-7 cells were less sensitive at the same concentra-
tion of metformin compared to the MCF-7 parental cells for
the antiproliferative effect of metformin. Next, we performed
western blot analysis to evaluate the effect of metformin on
ERa protein levels. We found that the protein levels of ERa
were reduced in a dose-dependent manner by treatment with
15, 20 and 25 mM metformin in both cell lines (Fig. 2B). The
concentrations of metformin used in the present study are
high, but to focus on the anticancer effects of metformin on
TR MCF-7 cells, based on these results, subsequent experi-
ments were carried out using 25 mM metformin. We also
determined AMPKa phosphorylation (Thrl72) and total
AMPKa levels to demonstrate that metformin was present and
active during our experiments.
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Figure 3. Metformin (Met) inhibits expression of ERa in the MCF-7 and TR MCF-7 cells under E2. (A) MCF-7 and (B) TR MCF-7 cells were treated with Met
(25 mM) in the presence of E2 (100 nM) for 48 h in estrogen-depleted RPMI-1640 medium containing 3% charcoal stripped FBS. Immunoblots were probed
with the anti-ERa antibody (left panels). f-actin was evaluated as a loading control. ERo mRNA levels were determined by RT-qPCR after treatment of Met
and E2 for 24 h (right panels). Data represent the mean = SD of three independent experiments conducted in triplicates; “P<0.05.

Metformin inhibits the expression of ERa in MCF-7 and
TR MCF-7 cells under E2. Since estrogen (E2) is a stimulatory
signal for breast cancer development and progression, we
treated the MCF-7 and TR MCF-7 cells with metformin in an
E2-exposed physiological condition. After treatment with E2,
changes in the ERa protein levels were evaluated by western
blot analysis. E2 has been reported to be able to rapidly reduce
the levels of ERa protein transiently expressed in cells (23).
As shown in Fig. 3A and B (left panels), the E2-treated cells
had decreased ERa protein levels compared to these levels in
the untreated control cells. The protein levels of ERa were
decreased more significantly after treatment with metformin.
Based on RT-qPCR, we found that metformin also repressed
the E2-induced mRNA level of ERa in the MCF-7 cells
(0.6-fold decrease compared to E2-treated only cells) and the
TR MCF-7 cells (0.7-fold decrease compared to E2-treated
only cells) (Fig. 3A and B, right panels).

Metformin inhibits E2-inducible ERE luciferase activity and the
expression of ERa target genes in MCF-7 and TR MCF-7 cells.
ERa is known to interact with the estrogen response element
(ERE) site of target genes and activate the transcription of regu-
lated genes in response to E2. Therefore, we evaluated the effect
of metformin on the transcriptional activity of ERa compared
to anti-estrogenic agent 4-OHT. MCF-7 and TR MCEF-7 cells
were transiently co-transfected with E2-inducible luciferase
reporter gene (pGL2-3X ERE TATA luc) and pRL-TK-luc
control plasmid. Transfected cells were treated with metformin

and 4-OHT under stimulation of E2 or with only metformin for
24 h. As shown in Fig. 4A, E2-induced ERE luciferase activity
was inhibited by the treatment of metformin in both the MCF-7
and TR MCF-7 cells. Compared to the E2 only-treated cells,
metformin (85% decrease) was as effective as 4-OHT (81%
decrease) in regulating the transcriptional activity of ERa in
MCF-7 cells. However, 4-OHT stimulated the ERE luciferase
activity in the TR MCF-7 cells. Consequently, we compared
the inhibitory effect of metformin and 4-OHT on cellular levels
of proteins encoded by E2/ERa-regulated genes, including
c-Myc, cyclin D1, PR and pS2 in both the MCF-7 (Fig. 4B, left)
and the TR MCF-7 (Fig. 4B, right) cells. Metformin inhibited
the protein levels of E2-induced c-Myc, cyclin D1, PR and pS2
to a greater extent than 4-OHT. However, 4-OHT exhibited no
inhibitory effect on the expression of these target genes in the
TR MCF-7 cells. AMPKa phosphorylation (Thr172) and total
AMPKa levels were also examined by western blotting. In
addition, then we proceeded for RT-qPCR. E2-induced mRNA
levels of ERa target genes, cyclin D1 and pS2 were inhibited
by the treatment of metformin (Fig. 4C). These results suggest
that metformin inhibited ERa-mediated transcription levels of
its target genes through inhibiting the transcriptional activity of
ERa activated by E2 in both the MCF-7 and TR MCF-7 cells.

Metformin inhibits E2-stimulated cell proliferation of the
MCF-7 and TR MCF-7 cells. Cell counting using trypan
blue staining was performed to compare the antiproliferative
effect of metformin and 4-OHT on E2-treated MCF-7 and
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Figure 4. Metformin (Met) inhibits E2-inducible ERE luciferase activity and expression of ERa target genes in MCF-7 and TR MCF-7 cells. (A) Transfected
cells were treated with Met (25 mM) and 4-OHT (10° M) in the presence of E2 (100 nM) and ERE luciferase assay was performed. (B) MCF-7 (left) and
TR MCEF-7 (right) cells were treated with Met and 4-OHT in the presence of E2 for 48 h in estrogen-depleted RPMI-1640 medium containing 3% charcoal
stripped FBS. The protein levels of c-Myc, cyclin D1, PR, pS2, phospho(p)-AMPKa (Thrl72) and total AMPKa were examined by western blotting. -actin
was evaluated as a loading control. Protein expression levels normalized to -actin are presented. Data represent the mean + SD of three independent experi-
ments. P-value was calculated compared to untreated Ctrl or E2-treated cells; "P<0.05 and “"P<0.01. (C) RT-qPCR was conducted to assess the mRNA levels
of ERa target genes, cyclin D1 and pS2. All data represent the mean + SD of three independent experiments conducted in triplicates; "P<0.05 and “P<0.01.

TR MCF-7 cells. As shown in Fig. 5, metformin inhibited the =~ Metformin inhibited cell proliferation of MCF-7 cells (90
cell proliferation stimulated by estrogen in both the MCF-7  vs. 60% decrease compared to E2 only-treated cells) and
and TR MCF-7 cells compared to the E2 only-treated cells. = TR MCF-7 cells (74 vs. 25% decrease compared to E2 only-
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Figure 6. Metformin (Met) inhibits E2-induced expression, function of ERa and cell proliferation in MDA-MB-361 breast cancer cells. (A) The protein levels
of ERa were examined by western blotting. 3-actin was evaluated as a loading control. (B) ERo. mRNA levels were determined by RT-qPCR. (C) ERE lucif-
erase assay was performed. (D) The protein levels of c-Myc, cyclin D1, PR, pS2, phospho(p)-AMPKa (Thr172) and total AMPKa were examined by western
blotting. B-actin was evaluated as a loading control. Protein expression levels normalized with f3-actin are presented. Data represent the mean + SD of three
independent experiments. P-value was calculated compared to the untreated Ctrl cells or E2-treated cells; "P<0.05 and “P<0.01.

treated cells) to a greater extend than 4-OHT. These results
suggest that metformin is likely to have an inhibitory effect on
the proliferation of MCF-7 and TR MCF-7 cells through the
inhibitory function of ERa.

Metformin inhibits E2-induced expression, function of ERa
and cell proliferation of MDA-MB-361 breast cancer cells.

In general, ERa and HER2 co-expression in breast cancer
may result in the treatment failure of tamoxifen therapy.
To properly evaluate the clinical potential of metformin in
ERa- and HER2-positive breast cancer (luminal B subtype),
we investigated the anticancer effect of metformin using the
MDA-MB-361 (ERa*/HER2") cell line. Similar to our results
in the MCF-7 and TR MCF-7 cells, metformin reduced the
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Figure 6. Continued. (E) RT-qPCR was conducted to assess mRNA levels of cyclin DI and pS2. (F) Cell proliferation was measured by trypan blue staining.
All data represent the mean = SD of three independent experiments conducted in triplicates; “P<0.05, “P<0.01.

ERa protein (Fig. 6A) and mRNA levels (Fig. 6B). As shown
in Fig. 6C, metformin and 4-OHT resulted in a 75 and 67%
decrease in E2-induced ERE luciferase activity, respectively.
In addition, E2-induced expression of c-Myc, cyclin DI,
PR and pS2 were inhibited by the treatment of metformin.
Moreover, we showed AMPKa phosphorylation (Thrl72)
and total AMPKa levels to demonstrate that metformin was
present and active during our experiments (Fig. 6D). Next, we
performed RT-qPCR. It was found that E2-induced mRNA
levels of cyclin DI and pS2 were inhibited by the treatment
of metformin (Fig. 6E). Metformin resulted in 70% inhibition
of the proliferation of MDA-MB-361 cells compared to cells
treated by E2 only (Fig. 6F).

Discussion

Estrogen (E2) plays a vital role in the pathogenesis of breast
cancer through estrogen receptor o (ERa) (24). Blocking the
E2/ERa signaling pathway is the first-line therapeutic strategy
for patients with ERa-positive breast cancer. Although
anti-estrogenic therapy using tamoxifen is still an important
and major modality to manage ERa-positive breast cancer (25),
its usefulness is greatly limited by de novo and acquired resis-
tance (26). Therefore, new therapeutic strategies are required
to overcome tamoxifen resistance (TR). In the present study,
we showed the effectiveness of metformin by targeting ERa
using ERa-positive as well as tamoxifen-resistant breast
cancer cells, thus providing a possible mechanism underlying
the anticancer effect of metformin.

Numerous in vitro and in vivo studies have demonstrated
that metformin treatment can result in the inhibition of cancer
cell growth (27-30). A variety of mechanisms have been invoked
to explain the antitumor effect of metformin, including activa-
tion of AMPK and inhibition of mTOR (31,32). We focused
on research related to the expression and signaling pathway of
ERa. Our results revealed that metformin inhibited E2-induced
expression, ERE luciferase activity, expression of ERa target
genes, and cell proliferation of MCF-7 and TR MCF-7 cells.
Collectively, our data indicated that the anticancer effect of
metformin could be due to the repression of expression and
transcriptional function of ERa.

In addition to MCF-7 and TR MCF-7 breast cancer cells,
we also assessed the antiproliferative effect of metformin on
MDA-MB-361 (ERa*/HER?2") breast cancer cells. HER2 is a
transmembrane tyrosine kinase and a member of the human
epidermal growth factor receptor (EGFR) family. It leads to
the activation of the signaling pathway that promotes cell
proliferation, migration, and survival. HER2 amplification
and/or overexpression in breast cancer are correlated to poor
patient survival or resistance to tamoxifen therapy (33-37).
Consistent with our results in the MCF-7 and TR MCF-7
breast cancer cells, metformin also inhibited E2-induced
expression and function of ERa as well as the cell prolif-
eration of MDA-MB-361 cells. E2-induced ERE luciferase
activity, expression of ERa target genes, and cell proliferation
were also inhibited by tamoxifen in MCF-7 cells, although
the effect of tamoxifen was less than that of metformin.
Overall, metformin inhibited the ERE luciferase activity, the
expression of ERa target genes, and the cell proliferation to
a greater extend than 4-OHT in the MCF-7, TR MCF-7 and
MDA-MB-361 cells. These effects could be due to the fact that
4-OHT blocked the binding of E2/ERa without suppressing
the expression of ERa itself, suggesting that treatment with
metformin may be useful for patients with ERa-positive
breast cancer.

In conclusion, these results suggest that metformin
exhibited a superior antiproliferative effect by inhibiting ERa
signaling than tamoxifen in ERa-positive MCF-7, TR MCF-7
and MDA-MB-361 cells. Currently, there is no alternative
standard treatment for tamoxifen-resistant breast tumors except
aromatase inhibitors. Therefore, we suggest that metformin
may be one of the effective therapeutic agents for treating
tamoxifen-resistant breast cancer. Moreover, combination
strategies with metformin may be useful for enhancing the
treatment efficacy of other cytotoxic chemotherapies or
targeted therapies (38). Further experiments including animal
studies and clinical trials are warranted.
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