
RESEARCH Open Access

ER-α36 mediates cisplatin resistance in
breast cancer cells through EGFR/HER-2/
ERK signaling pathway
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Abstract

Background: ER-α36, a novel ER-α66 variant, has been demonstrated to promote tamoxifen resistance in breast
cancer cells. However, the role and mechanisms of ER-α36 in cisplatin resistance of breast cancer cells remain
unclear. This study investigates the expression and role of ER-α36 in cisplatin resistance of breast cancer cells and
elucidates its underlying mechanisms.

Methods: The expression of ER-α36 and the proteins involved in nongenomic estrogen signaling was evaluated by
western blot analysis. Cisplatin sensitivity was explored by CCK-8 assay, monolayer colony formation assay and apoptosis
assays, respectively. ER-α36 siRNAs/shRNAs and overexpression vector were transfected into cells to down-regulate or
up-regulate ER-α36 expression. Loss-and gain-of function assays were performed to investigate the role of ER-α36
in cisplatin sensitivity. The interaction between ER-α36 and EGFR/HER-2 were detected using CoIP. A mouse
xenograft model of breast cancer was established to verify the role of ER-α36 in vivo.

Results: ER-α36 is expressed at higher levels in cisplatin-resistant breast cancer cells compared to cisplatin
sensitive cells. Cisplatin induced up-regulation of ER-α36 in a dose-dependent manner in breast cancer cells.
Overexpression of ER-α36 leaded to cell resistant to cisplatin and knockdown of ER-α36 in cisplatin-resistant
breast cancer cells restored cisplatin sensitivity. The up-regulation of ER-α36 resulted in increased activation of
nongenomic estrogen signaling, which was responsible for cisplatin resistance. Disruption of ER-α36-mediated
nongenomic estrogen signaling with kinase inhibitors significantly inhibited cisplatin-induced expression of
ER-α36 and increased cisplatin sensitivity. The in vivo experiment also confirmed that up-regulation of ER-α36
attenuated cisplatin sensitivity in a mouse xenograft model of breast cancer.

Conclusions: The results for the first time demonstrated that ER-α36 mediates cisplatin resistance in breast
cancer cells through nongenomic estrogen signaling, suggesting that ER-α36 may serve as a novel target for
cisplatin resistance and a potential indicator of cisplatin sensitivity in breast cancer treatment.
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Background
Cisplatin (DDP) is the first generation of platinum drugs
[1, 2]. As a cell cycle nonspecific drug, cisplatin is widely
used in the treatment of a broad array of solid malignan-
cies, including bladder cancer, lung cancer, ovarian, and
breast cancer [3–5]. Cisplatin exerts anticancer effects
mainly via the generation of DNA lesions followed by

the activation of the DNA damage response and the in-
duction of cancer cell death [4, 6, 7]. Although patients
with breast cancer usually have good initial response to
cisplatin-based chemotherapy, cisplatin resistance often
occurs in clinical practice. Previous studies have shown
that activated EGFR/HER-2 signaling and its down-
stream signaling MAPK/ERK are associated with cis-
platin resistance [4]. Recent studies have demonstrated
that RAD50 [8] and Pit-1 [9] sensitize human breast
cancer cells to cisplatin therapy. At present, the well
known molecular mechanisms of cisplatin resistance
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include increased DNA repair, altered drug cellular accu-
mulation, increased drug cytosolic inactivation, and
others [10]. However, the detail mechanisms of cisplatin
resistance remain to be elucidated. Searching and devel-
oping new therapeutic strategies for overcoming
cisplatin resistance is urgently needed to improve the
quality of life and patient survival.
ER-α36 (Estrogen receptor-alpha36), a member of ER

superfamily with molecular weight 36 kDa, is a recently
identified ER-α66 variant [11]. ER-α36 is responsible for
estrogen-stimulated cell proliferation and development
of ER-positive breast cancer [12]. A large amount of
studies have reported that high-level expression of
ER-α36 is closely related to tamoxifen resistance in
breast cancer cells and is one of the underlying
mechanisms of tamoxifen resistance [13–15]. In breast
cancer cells overexpressing ER-α36, tamoxifen displays
estrogen-like effects and activates MAPK/ERK signaling
mediated by ER-α36, which is also known as
ER-α36-mediated nongenomic estrogen signaling, and
thereby stimulates cell survival and proliferation [16–18].
Recent studies have shown the existence of the
ER-α36-EGFR/HER-2 positive regulatory loops in either
ER-α negative or ER-α positive breast cancer cells [19, 20].
ER-α36 can physically interact with the EGFR/HER-2.
EGFR signaling can activate ER-α36 transcription through
an AP1 site in the ER-α36 promoter, and ER-α36 expres-
sion stabilizes EGFR protein or positively regulates HER-2
expression [20, 21]. In tamoxifen-resistant MCF-7 cells
(MCF-7/TAM), tamoxifen induces expression of
ER-α36-EGFR/HER-2 positive regulatory loops and the de-
struction of the loops restores tamoxifen sensitivity [19].
The role of ER-α36-mediated nongenomic estrogen signal-
ing in tamoxifen resistance has attracted considerable at-
tention, however, the significance of ER-α36 in cisplatin
resistance in breast cancer cells has not been investigated.
In our present study, we found that cisplatin induces

expression of ER-α36 in a dose-dependent manner in
breast cancer cells. The up-regulation of ER-α36
promotes increased activation of ER-α36-mediated non-
genomic estrogen signaling, which finally resulted in the
generation of cisplatin resistance. Blocking ER-α36 ex-
pression or the activity of EGFR/HER-2 or their down-
stream signaling MAPK/ERK significantly increases
cisplatin sensitivity in breast cancer cells. Taken together,
these results for the first time reveal that ER-a36 pro-
motes cisplatin resistance in breast cancer cells through
nongenomic estrogen signaling, suggesting that targeting
ER-α36 may serve as a novel target for cisplatin resist-
ance and a potential indicator of cisplatin sensitivity in
breast cancer treatment. Our research provides a novel
insight for improving the therapeutic effect of cisplatin,
which may be beneficial to the further clinical applica-
tion of cisplatin in breast cancer treatment.

Methods
Cell culture
Human breast cancer cell lines MCF-7, BT474, and
MDA-MD-231 were purchased from American Type Cul-
ture Collection (ATCC), and characterized by DNA profil-
ing. These original cells were cultured in high-glucose
DMEM (Gibco, USA) with 10% FBS (Gibco, USA), in a
humid incubator with 5% CO2 at 37 °C. MCF-7/DDP cells
are 5 μg/mL cisplatin-resistant strains, which were
established by culturing MCF-7 with high cisplatin
concentrations. Cisplatin was added twice a week
after reseeding. Every 2 months, cell survival was ana-
lyzed by MTT assay. The IC50 value of cisplatin
against MCF-7 and MCF-7/DDP were 4 μg/mL and
15 μg/mL, respectively. MCF-7/DDP cells were four
times as resistant to the cytotoxic effect of cisplatin
as compared with the initial MCF-7 cells. MCF-7 cells
overexpressing ER-α36, MCF-7/ER-α36, and the con-
trol cells established as described below were cultured
in DMEM medium containing 100 μg/mL G418
(Sigma-Aldrich, St Louis, MO, USA).

Plasmid preparation and establishment of ER-α36 stable
expression or knockdown cell lines
The coding sequence of ER-α36 cDNA was successfully
cloned and an ER-α36 expression vector driven by the
cytomegalovirus (CMV) promoter was constructed, ac-
cording to the method established by Wang et al. [22].
MCF-7 cells were transfected with either empty vector
or recombinant vector, using Lipofectamine 3000
(Invitrogen, Grand Island, NY, USA) according to the
manufacturer’s instructions. After transfection for 72 h,
500 μg/mL G418 was then added to culture medium for
stable clone selection. MCF-7 cells stably overexpressing
ER-α36 amplified from a single clone were identified by
western blot, and then used for the experiments. ER-α36
shRNA lentiviral expression vector (pLVX-shRNA2-Pur-
o-hER-α36, Lenti-shER-α36) and its control vector
(pLVX-shRNA2-Puro, Lenti-shNC) were constructed by
GenePharma (Shanghai, China). The ER-α36 shRNA tar-
get sequences are 5’-ACAUCAUCUCGGUUCCGCA-3’.
MCF-7/DDP and MCF-7/ER-α36 cells were plated in
six-well plates (5 × 105 cells/well) and were cultured to
60% confluence. Appropriate volumes of lentiviruses
were then added according to the multiplicity of infec-
tion values recommended by the manufacture. MCF-7/
DDP cells expressing ER-α36 shRNA and MCF-7/
ER-α36 cells expressing ER-α36 shRNA were selected
with 5 μg/mL puromycin and identified by western blot.

Cell proliferation assay
The cell proliferation was assayed by Cell Counting 8 kit
(CCK-8) (Dojindo laboratories, Kumamoto, Japan). The
cells were seeded in triplicate into 96-well plates for
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12 h and given different treatments for the indicated
time; followed by the addition of 10 μL CCK-8 reagents
to each well. After incubation at 37 °C for 1 h, the value
at OD450 nm was determined according to the manu-
facturer’s instructions.

Monolayer colony formation assay
Five hundred cells were seeded in triplicate onto 6-well
plates and incubated in medium containing 5 μg/mL cis-
platin or equivalent DMSO (vehicle) (Sigma, USA).
Every 3–5 days the medium was replaced with fresh
medium. After 2 weeks, the colonies were fixed with
100% methanol, stained with 0.1% crystal violet and
washed with phosphate buffer solution (PBS). Visible
colonies were then counted for quantification.

Western blot analysis
Isolation of cell extracts and western blot analysis were
described previously [23]. The protein concentrations
were measured by a BCA protein assay kit (Beyotime
Biotechnology, Shanghai, China). Immuno-detection was
carried out using ER-α36 (Cell Applications, San Diego,
CA, USA), p-ERK1/2 (Cell Signaling Technology,
Boston, MA, USA) and total-ERK1/2 (Cell Signaling
Technology, Boston, MA, USA), p-EGFR (Cell Signaling
Technology, Boston, MA, USA) and total-EGFR (Cell
Signaling Technology, Boston, MA, USA), p-HER-2 (Cell
Signaling Technology, Boston, MA, USA) and
total-HER-2 (Cell Signaling Technology, Boston, MA,
USA) antibodies or Tubulin antibody. Tubulin (Beyo-
time, Shanghai, China) was used as a control for equal
loading and transfer.

Hoechst staining
The cells were seeded in 6-well plates for 12 h and given
different treatments for the indicated time. Then the
cells were stained with Hoechst 33258 (Beyotime,
Shanghai, China) at 10 μg/mL for 10 min in the dark at
room temperature and washed 3 times with PBS and
photographed under a fluorescence microscope.

Flow cytometry
Breast cancer cells were harvested and incubated with
annexin V-FITC and PI according to the manufacturer’s
instructions (BD, 561012), and then the apoptosis was
analyzed by a flow cytometer.

Si-RNA assay
The ER-α36 siRNA target sequences are 5’-GCTA
GAGATCCTGATGATTGG-3’. MCF-7/DDP and MCF-7/
ER-α36 cells were separately cultured overnight, and then
siRNA for ER-α36 (siER-α36) or control siRNA (siNC)
was transfected into the cells using lipofectamine 3000 ac-
cording to the manufacturer’s instructions. Subsequently,

the cells were treated with or without 5 μg/mL cisplatin
for 48 h, then harvested and used for western blot analysis
or cell proliferation assays.

Co-immunoprecipitation (Co-IP) analysis
Isolation of cell extracts were described previously [23].
Cell lysates were incubated with anti-HER-2 or
anti-EGFR antibodies or IgG for 1 h at 4 °C. Then the
Protein A/G plus-agarose (Santa Cruz Biotechnology,
Dallas, TX, USA) was added and incubated for overnight
at 4 °C. The precipitates were then extensively washed
with the PBS, re-suspended in loading buffer, separated
on SDS-polyacrylamide gel electrophoresis and probed
with anti-ER-α36 antibody as described before [23].

Animal experiments
Five-week-old female nude mice were purchased from
the Laboratory Animal Center of China (Shanghai,
China). The mice were randomized into 2 groups with
10 mice per group and then separately inoculated
subcutaneously MCF-7/ER-α36 and MCF7/V cell sus-
pension. Every mouse was inoculated 1 × 107 cells sus-
pending in 0.1 mL PBS. When palpable tumors formed,
every group were randomly divided into two groups, and
either treated with DMSO (control), or cisplatin (4 mg/kg)
by intraperitoneal injections every other day for 2 weeks,
respectively. After that, the mice were sacrificed and
the xenograft tumors were harvested. The volumes
were estimated using the following formula: volume =
width2 × length × 1/2. Tumor tissues were processed
for ER-α36 expression analysis.

Statistical analysis
The data were expressed as the mean ± SD unless other-
wise stated. Statistical comparisons between groups were
performed by one-way analysis of variance (ANOVA),
followed by student’s t-test. P < 0.05 was considered
significant.

Results
Cisplatin induces up-regulation of ER-α36 in breast cancer
cells
MCF-7/DDP cells were found to be resistant to 5 μg/mL
cisplatin, compared with the wild-type MCF-7 cells, as
shown in Fig. 1a and b. Meanwhile, ER-α36 expression
was significantly higher in MCF-7/DDP cells than in
MCF-7 cells (Fig. 1c and d), indicating that cisplatin may
induce ER-α36 expression in the process of cisplatin re-
sistance formation. Corresponding with this observation,
cisplatin treatment induced up-regulation of ER-α36 in a
dose-dependent manner in MCF-7, BT474, and
MDA-MB-23 cells, respectively (Fig. 1e-h), suggesting
that ER-α36 may play an important role during cisplatin
resistance formation in breast cancer cells.
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Overexpression of ER-α36 contributes to cisplatin
resistance in breast cancer cells
To explore the potential role of ER-α36 in cisplatin
resistance in breast cancer cells, MCF-7 cells stably
overexpressing ER-α36 were screened and identified
(Fig. 2a and b), and cisplatin sensitivity was detected
by cell proliferation and monolayer colony formation
assays (Fig. 2c and d). The results revealed that
MCF-7/ER-α36 cells obtained resistant phenotype to
5 μg/mL and 10 μg/mL cisplatin, compared with the
control cells. Hoechst staining and flow cytometry
analysis showed that overexpression of ER-α36 in
MCF-7 cells also attenuated cisplatin-induced cell
apoptosis (Fig. 2e and f ). Collectively, these results
suggested that overexpression of ER-α36 contributes
to cisplatin resistance in breast cancer cells.

Knockdown of ER-α36 in cisplatin-resistant breast cancer
cells restores cisplatin sensitivity
To further define the significance of ER-α36 in cisplatin re-
sistance, ER-α36 in MCF-7/DDP cells or MCF-7/ER-α36
cells was silenced using siRNA or shRNA and the changes
of cell proliferation and monolayer colony formation were
analyzed. Western blot analysis showed that transfection of
siER-α36 or Lenti-shER-α36 induced a significant knockown
of ER-α36 expression compared with the control transfec-
tion (Fig. 3a, c, e and g). Cell proliferation assay revealed that
cisplatin treatment obviously reduced the proliferation of
MCF-7/DDP or MCF-7/ER-α36 cells transfected with
siER-α36, compared with the control cells (Fig. 3b and f).
Cisplatin treatment significantly decreased monolayer col-
ony number of both MCF-7/DDP cells expressing ER-α36
shRNA and MCF-7/ER-α36 cells expressing ER-α36 shRNA,
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Fig. 1 Effect of cisplatin on proliferation and ER-α36 expression of breast cancer cells. a MCF-7 and MCF-7/DDP cells were treated with increasing
concentrations of cisplatin (DDP) for 48 h, and then cell proliferation was measured using CCK-8 assay kit. b Cisplatin sensitivity of MCF-7 and
MCF-7/DDP cells was examined by monolayer colony formation assay. c ER-α36 protein expression in MCF-7 and MCF-7/DDP cells was analyzed
using western blot. d The quantitative analysis of ER-α36 expression of (c). e MCF-7 cells were treated with or without 5 μg/mL cisplatin for 48 h,
cisplatin-induced expression of ER-α36 was measured by western blot. f The quantitative analysis of cisplatin-induced ER-α36 expression of (e).
g MCF-7, BT474 and MDA-MB-231 cells were treated with cisplatin at the indicated concentrations for 48 h and then the protein levels of ER-α36
were analyzed by western blot. h The quantitative analysis of cisplatin-induced ER-α36 expression of (g). *P < 0.05, **P < 0.01, ***P < 0.001
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compared with the control cells (Fig. 3d and h). These data
suggested that ER-α36 is an important determinant for cis-
platin resistance in breast cancer cells and down-regulation
of ER-α36 expression can enhance cisplatin sensitivity.

Up-regulation of ER-α36 leads to increased activation of
nongenomic estrogen signaling
To clarify the mechanism of ER-α36 involved in cisplatin
resistance, we investigated the changes of ER-α36

expression and ER-α36-mediated nongenomic estrogen
signaling after cisplatin treatment. In MCF-7 cells, cis-
platin treatment induced up-regulated expression of ER-α36
(Fig. 1e-h, 4a, b and d) and activated ER-α36-mediated non-
genomic estrogen signaling or the ER-α36/EGFR/HER-2/
ERK pathway (Fig. 4a-e). Cisplatin-induced up-regulation
of ER-α36 and activation of ER-α36-mediated nongenomic
estrogen signaling could also be observed in other
breast cancer cell lines including BT474, and
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Fig. 2 Overexpression of ER-α36 contributes to cisplatin resistance in breast cancer cells. a MCF-7 cells stably overexpressing ER-α36 were screened
using G418 for 4 weeks and identified by western blot. b The quantitative analysis of ER-α36 expression of (a). c MCF-7/V and MCF-7/ER-α36 cells were
treated with increasing concentrations of cisplatin (DDP) for 48 h, and then cell proliferation was measured with CCK-8 assay kit. d Cisplatin sensitivity
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MDA-MB-231(Fig. 4d and e). These data suggested that
up-regulation of ER-α36 leads to increased activation of
nongenomic estrogen signaling. In addtion, cisplatin
treatment induced the increased interaction between
ER-α36 and EGFR/HER-2 (Fig. 4f ), which may further
increase the activation of nongenomic estrogen
signaling.

Increased activation of ER-α36-mediated nongenomic
estrogen signaling is responsible for cisplatin resistance
in breast cancer cells
The previous data have shown that overexpression of
ER-α36 in MCF-7/DDP and MCF-7/ER-α36 cells
contributes to cisplatin resistance (Figs. 1, 2, 3). Next,
we investigated the significance of ER-α36-mediated
nongenomic estrogen signaling in cisplatin resistance.
Matching with cisplatin-resistant phenotypes of MCF-7/
DDP or MCF-7/ER-α36 cells (Figs. 1, 2, 3), the ER-α36/
EGFR/HER-2/ERK signaling in these two types of cells
was apparently activated compared with the control cells
(Fig. 5a and b). However, knockown of ER-α36 in both
MCF-7/DDP cells and MCF-7/ER-α36 cells attenu-
ated ER-α36-mediated nongenomic estrogen signaling
(Fig. 5c and d), and restored cisplatin sensitivity (Fig. 3).
These data suggested that increased activation of

ER-α36-mediated nongenomic estrogen signaling is
responsible for cisplatin resistance in breast cancer cells.

Disruption of ER-α36-mediated nongenomic estrogen
signaling increases cisplatin sensitivity in breast cancer
cells
Since increased activation of ER-α36-mediated nonge-
nomic estrogen signaling is involved in cisplatin resist-
ance in breast cancer cells, we observed whether
blocking ER-α36-mediated nongenomic estrogen signal-
ing could increase cisplatin sensitivity in breast cancer
cells. Consistent with the previous observation (Fig. 1e-h
and Fig. 4a-e), the up-regulation expression of ER-α36
and the activation of ER-α36-mediated nongenomic
estrogen signaling in MCF-7 cells were induced again by
cisplatin treatment (Fig. 6a). However, cisplatin com-
bined with the EGFR tyrosine kinase inhibitor AG1478
(Sigma-Aldrich, St Louis, MO, USA) or the dual EGFR
and HER-2 tyrosine kinase inhibitor Lapatinib (MCE,
Monmouth Junction, NJ, USA) or the MAPK/ERK
kinase inhibitor U0126 (Sigma-Aldrich, St Louis, MO,
USA), significantly inhibited cisplatin-induced expres-
sion of ER-α36 and activation of ER-α36-mediated non-
genomic estrogen signaling in MCF-7 cells, respectively
(Fig. 6a). Meanwhile, the combination of cisplatin and
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either of the three inhibitors increased cisplatin sensitiv-
ity compared with cisplatin treatment alone (Fig. 6b). In
cisplatin-resistant MCF-7/ER-α36 cells, the combination
of cisplatin and either of the three inhibitors resulted in
markedly inhibited phosphorylation of ERK and

enhanced cisplatin sensitivity compared with cisplatin
treatment alone (Fig. 6c and d). These results suggested
that blocking ER-α36 expression or the activity of
EGFR/HER-2, or their downstream signaling MAPK/
ERK could destroy ER-α36-mediated nongenomic
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estrogen signaling and thereby increase cisplatin sensi-
tivity in breast cancer cells.

Up-regulation of ER-α36 attenuates cisplatin sensitivity in
a nude mouse xenograft model
MCF-7/ER-α36 human breast cancer xenografts in Nude
Mice were used to evaluate the effect of ER-α36 expres-
sion on cisplatin sensitivity in vivo. Cisplatin treatment
significantly inhibited the control but not MCF-7/
ER-α36 xenograft growth (Fig. 7a and b). ER-α36 expres-
sion in MCF-7/ER-α36 xenograft tissues were markedly
higher than in control tissues (Fig. 7c), and cisplatin
treatment obviously induced up-regulation of ER-α36 in
control xenograft tissues (Fig. 7d). These results sug-
gested that up-regulation of ER-α36 can reduce cisplatin
sensitivity in vivo.

Discussion
To the best of our knowledge, this study presents the
first evidence that ER-α36 promotes cisplatin resistance

in breast cancer cells, which is mediated by increased ac-
tivation of nongenomic estrogen signaling. Our results
suggest that ER-α36 may serve as a novel target to
overcome cisplatin resistance as well as a potential
biomarker of cisplatin sensitivity in the treatment of
breast cancer.
Accumulating evidence has demonstrated that ER-α36

regulates the multiple physiological functions of various
tissues. ER-α36 is necessary for ovary development and
oocyte meiotic maturation [24] and maintaining the
bone density of postmenopausal women [25]. Dysregula-
tion of ER-α36 causes various dysfunctions and diseases,
such as osteoporosis, airway hyperresponsiveness, and
even cancers [12, 26]. In breast cancer, knockdown of
ER-α36 inhibits proliferation, migration, and invasion
and increases sensitivity to paclitaxel in MDA-MB-231
cells [27]. ER-α36 also contributes to the proliferation
and maintenance of stem-like cells [21, 28]. Specifically,
extensive research has shown that ER-α36-mediated
nongenomic estrogen signaling is involved in tamoxifen
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resistance in breast cancer cells [13–15]. In spite of all
these investigations, more research is needed to clarify
ER-α36 biological function and mechanism. Our current
results demonstrated that ER-α36 promotes cisplatin
resistance in breast cancer cells, which reveals a new
biological function of ER-α36 in the treatment of breast
cancer.
The possible mechanism of ER-α36 involved in cis-

platin resistance in breast cancer cells was explored in
this study. Our current data suggested that ER-α36 pro-
motes cisplatin resistance through nongenomic estrogen
signaling. The activation of EGFR/HER-2/ERK signaling
is well known cisplatin resistant mechanisms [4, 29, 30].
For example, overexpression of HER-2 leads to the
cyclin-dependent kinase inhibitor 1A nuclear exclusion
which contributes to cisplatin resistance [4] and it has
been related to cisplatin resistance in NSCLC patients
[31]. The MAPK/ERK signaling has been associated with
both increased and decreased sensitivity to cisplatin in
different experiment models [32, 33]. Although the
relationship between EGFR/HER-2/ERK signaling and
cisplatin resistance in breast cancer cells remains to be
defined, the inhibition of the MAPK pathways sensitizes
basal-like MDA-MB-468 cells to cisplatin treatment
[34]. The high expression of amphiregulin, a specific lig-
and of the EGFR, shows a highly significant correlation
with cisplatin resistance in a variety of human breast
cancer cell lines [35]. More importantly, the use of rhu-
MAb HER-2 in combination with cisplatin in patients
with HER-2/neu-overexpressing metastatic breast cancer
results in objective clinical response rates higher than
those reported previously for cisplatin alone, or rhuMAb
HER-2 alone [36]. These studies indicated that activation

of EGFR/HER-2/ERK signaling may be involved in cis-
platin resistance in breast cancer cells. ER-α36-mediated
nongenomic estrogen signaling is characterized by acti-
vated EGFR/HER-2/ERK signaling. In our study, we
found that cisplatin treatment induced expression of
ER-α36 and the interaction between ER-α36 and EGFR/
HER-2. Cisplatin-induced up-regulation of ER-α36 en-
hanced ER-α36-mediated nongenomic estrogen signaling
and thereby resulted in cisplatin resistance in breast
cancer cells. However, blocking ER-α36 expression or
the activity of EGFR/HER-2, or their downstream
signaling MAPK/ERK could destroy ER-α36-mediated
nongenomic estrogen signaling and thereby increase
cisplatin sensitivity. These data suggested that increased
activation of ER-α36-mediated nongenomic estrogen sig-
naling is the mechanism of ER-α36 promoting cisplatin
resistance in breast cancer cells. Additional, since
disruption of ER-α36-mediated nongenomic estrogen
signaling could increase cisplatin sensitivity in breast
cancer cells, these findings also reveal new therapeutic
targets for overcoming cisplatin resistance in breast
cancer cells.
Interestingly, both cisplatin-induced expression of

ER-α36 and EGFR/HER-2 were observed in our study. It
is very important to clarify the potential mechanisms
involved in the regulation of ER-α36 and EGFR/HER-2 ex-
pression by cisplatin in future. Additional, our current
data only demonstrated that cisplatin-induced expression
of ER-α36 enhances nongenomic estrogen signaling and
confer cisplatin resistance. Considering that there is a
regulative relationship between ER-α36 and EGFR/HER-2
[20, 21], it remains unclear whether cisplatin-induced ex-
pression of ER-α36 could promote the formation of the
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ER-α36-EGFR/HER-2 positive regulatory loops and
whether these loops may be invovled in cispaltin resist-
ance. The detailed mutual regulatory mechanisms of
ER-α36 and EGFR/HER-2 in cispaltin resistance in breast
cancer cells need further study.

Conclusion
In conclusion, our current study demonstrates for the
first time that overexpression of ER-α36 promotes cis-
platin resistance through nongenomic estrogen signaling.
These findings reveal a new important mechanism for
the research on cisplatin resistance in breast cancer cells
and may provide new strategies to overcome cisplatin
resistance by targeting ER-α36. Future research will fur-
ther explore the significance of ER-α36 expression in
breast cancer patients treated with cisplatin.
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