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Raloxifene hydrochloride (RAL), one of second generation of selective estrogen receptor modulators (SERMs), is
usually used in preventing osteoporosis and breast cancer. The present study evaluated whether Raloxifene might
sensitize multidrug resistant (MDR) breast cancers to chemotherapies, especially in estrogen receptor negative (ER¡)
breast cancer. The results showed that RAL could significantly sensitize ER- MDR breast tumors to paclitaxel both in vitro
and in vivo. Combination of Raloxifene could significantly enhance paclitaxel-induced cell apoptosis, G2-M arrest as well
as inhibition of cell proliferation in MDR tumors. Further studies showed that the combined treatment did not alter P-
glycoprotein expression but increased P-gp ATPase activity. These results suggested that raloxifene might be a valuable
chemosensitizer agent for breast cancer therapy.

Introduction

Breast cancer is the second most prominent cause of mortality
in women. Its incidence has been rapidly increased in recent
years.1 Chemotherapy is considered to be a promising therapy in
the systematic treatment of breast cancer.2 However, drug resis-
tance has become a major barrier to overcome breast cancer.
Multidrug resistance (MDR), is primarily responsible for ineffec-
tiveness of drugs in clinical therapy.2,3 Under long-term expo-
sure, breast cancer cells gradually develop resistance to
conventional drugs such as paclitaxel, vinblastine and vinorel-
bine,4-6 and MDR has become a more and more severe prob-
lem.7 Thus, the attention has been focused on the study how to
enhance the response of tumors to chemotherapy with emphasis
on reversing MDR and increasing the sensitivity of tumor cells to
chemical drugs.2,8

Selective estrogen receptor modulators (SERMs) have shown
to be promising agents for reversing MDR.8,9 In general, SERMs
are known to function through regulation of estrogen receptors
(ERs), acting as agonists or antagonists depending on the tissue
type.10,11 Specifically, most SERMs posses estrogen antagonist
activity and are commonly used for the treatment of ER-positive
breast cancer, which takes 65 percent of breast cancer.5,10,11

Recent studies demonstrated that SERMs might act as a chemo-
sensitizer when co-administered with other drugs either in ER-
positive or ER-negative cancer cell lines,6,9,12 which provide a

potential strategy for clinicians to treat the patients with drug-
resistant breast tumors. The mechanisms of the reversal effects of
SERMS are not fully understood.8,12,13 At present, the studies
mainly focused on tamoxifen (TAM) and its derivatives.4,8,9,12

TAM, a widely used agent in the hormonal therapy of breast can-
cer, is also an antagonist of P-glycoprotein (P-gp), a cell surface
protein which confers drug resistance to cells.10,13 Liu et al
(2010) reported that high-dose TAM could reverse the MDR of
human multidrug resistant cholangio carcinoma cells, due to
competitive inhibition of over-expressed P-gp, although others
might not completely agree.12,13

In recent years, raloxifene (RAL) has been used as a second
generation SERM and mainly used to treat metastatic breast can-
cer.10,11 When compared with TAM, RAL was as effective as
TAM in the prevention and treatment of breast cancer.14 How-
ever, clinical trials demonstrated that TAM may significantly
increase the risk of endometrial carcinoma, stroke, and venous
thrombosis,15-18 whereas the adverse effects of RAL are signifi-
cantly decreased.14,19 These findings suggest that RAL might be
a reasonable agent for reversing MDR in patients. However,
whether RAL could reverse MDR in breast cancer cells, especially
in ER-negative cells, has not been reported. In present study, we
focused on evaluating the ability of RAL to reverse MDR and
attempted to explore its underlying mechanisms.
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Results

Raloxifene sensitizes Bats-72 and Bads-200 cell lines to
paclitaxel

The morphologic changes of the cells were observed after
24 hours of treatment as described in methods. Exposure to ral-
oxifene alone had little effect on the morphology of 3 cell lines,
indicating that raloxifene was non-toxic to the cells. Treatment
to paclitaxel alone induced cell death in paclitaxel-sensitive cell
line BCap37, and floated cells were displayed in the plates
(Fig. 1A). Growth of paclitaxel-treated BCap37 cells was also
slowed down compared to the untreated BCap37 cells. Bats-72
and Bads-200 had little changes after paclitaxel treatment alone
for 24 hours, showing their resistance to paclitaxel. However,
paclitaxel with raloxifene-pretreatment caused massive cells to
death in both Bats-72 and Bads-200 compared to the cells with
paclitaxel-treated alone, indicating the lessened cytotoxity of pac-
litaxel were restored by raloxifene for these 2 cells (Fig. 1A).

As MTT results shown in Figure 1B, cell viability of all the 3
cell lines was above 80% under the condition of raloxifene treat-
ment alone. BCap37 cells were sensitive to paclitaxel, with a
sharp decrease of 52.04% in cell viability. And Bats-72 and
Bads-200 cells retained survival rate of 81.63% and 81.29%,

respectively, under the treatment of paclitaxel alone, which
verified our previous results.20 However, raloxifene significantly
sensitized Bats-72 and Bads-200 to paclitaxel. With the pre-treat-
ment of raloxifene, the survivals of Bats-72 and Bads-200
declined 46.55% and 57.37% compared to paclitaxel-treatment
alone. And the corresponding decrease of cell viability was only
5.13% for BCap37 cells.

Raloxifene reverses resistance to paclitaxel-induced mitotic
arrest in MDR cell lines

Flow cytometric analysis of propidium iodide staining was
performed to analyze the cell cycle distribution after drug-
treatments. As shown in Figure 2, raloxifene had little effect
upon cell cycle distribution for all the 3 cell lines. BCap37 was
significantly induced of apoptosis peak and G2/M arrest by pacli-
taxel, without much change by adding raloxifene. As expected in
MDR cells, paclitaxel alone had slight impact on Bats-72 and
Bads-200 cells, which showed resistance to paclitaxel-induced
cell arrest. But the 2 drug-resistant cells showed different changes
from BCap37 cells by co-incubation of paclitaxel and raloxifene.
Both of Bats-72 and Bads-200 cells shown with distinct apopto-
tic peak and G2/M phase arrest, though the G1 phase was not
very obvious for Bats-72 cells.

Raloxifene reverses resistance to paclitaxel-induced apoptosis
in MDR cell lines

We also used flow cytometric analysis to determine whether
raloxifene affected the paclitaxel-induced apoptosis for MDR
cells treated with paclitaxel for 48 h. As shown in Figure 3, ral-
oxifene alone had no pronounced apoptosis effects on BCap37,
Bats-72 and Bads-200 cell lines. However, following the pre-
treatment of raloxifene and paclitaxel for 48 hours, 34.22% of
Bats-72 cells had undergone early apoptosis, which was 24.45%
more than the early apoptosis percentage by paclitaxel-treatment
alone. Similarly, the percentage of early apoptosis for Bads-200
cells rose from 4.88% to 30.67% after pre-treatment of

Figure 1. Raloxifene sensitizes Bats-72 and Bads-200 cells to pacli-
taxel. (A) Cell morphology after distinct treatments. Bcap37, Bats-72 and
Bads-200 cells were plated in 6-well plates at a density of 105 cells per
well for 24h before exposed to paclitaxel (5nM, 200nM and 2000nM
respectively) with or without raloxifene (10mM, 10mM and 20mM respec-
tively) for another 24h. (B) MTT assays were performed to evaluate drug-
induced cytotoxicity. BCap37, Bats-72 and Bads-200 cells were cultured
in 96-well plates at 104 cells per well. Density of drugs was as same as
described in Figure 1A, and processing time extended to 72h. *P <

0.05 vs. PTX.

Figure 2. The reversal effect of raloxifene via enhanced paclitaxel-
induced mitotic arrest. Flow cytometric analysis of cell cycle distribu-
tion was performed after BCap37, Bats-72 and Bads-200 cells were
treated for 48 h.
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raloxifene. While for BCap37 cells, the
cell undergoing early apoptosis was only
slightly increase from 17.05% to 18.05%
(p < 0.01).

Raloxifene sensitizes MDR cells to
paclitaxel through up-regulation of
CyclinB1, phosphorylation of CDC25
and Bcl-2

In the BCap37 cells, phosphorylation
of Cdc25C emerged in the groups
treated paclitaxel (Fig. 4A, lanes 3, 4).
Similarly, paclitaxel with the combina-
tion of raloxifene notably caused phos-
phorylation of Cdc25C in Bats-72 cells
(Fig. 4A, lanes 8), while phosphoryla-
tion of Cdc25C in Bads-200 cells was
not distinct. Paclitaxel with the pre-
treatment of raloxifene led upregulation
of CyclinB1 in all the 3 cell lines
(Fig. 4A, lanes 4, 8, 12), which coin-
cided with paclitaxel-induced G2/M
arrest of the cells. Moreover, a down-reg-
ulation/phosphorylation of bcl-2 was also
seen in BCap37 cells treated with paclitaxel (Fig. 4A, lanes 3, 4).
Meanwhile, the phosphorylation of Bcl-2 was also noticed by co-
incubation of paclitaxel and raloxifene in either Bats-72 or Bads-
200 cells.(Fig. 4A, lanes 8, 12).

Raloxifene stimulates P-gp ATPase activity, but does not
affect P-gp expression

BCap37 cells did not express P-glycoprotein, while both of
Bats-72 and Bads-200 cell lines expressed P-glycoprotein in vary-
ing protein levels, which confirmed our previous reports.20 How-
ever, Western blotting revealed no distinct changes by different
treatments in any cell lines, showing that raloxifene did not affect
P-glycoprotein expression (Fig. 4A).

A variety of P-gp inhibitors and substrates can stimulate
ATPase activity. By comparing the basal activity of P-gp with the
P-gp activity in Raloxifene-treated cells, Raloxifene can be ranked
as stimulator, inhibitor or having no effect on P-gp ATPase activ-
ities. Verapamil was used as positive control for its activation of
P-gp ATPase, while verapamil is also referred to as a P-gp inhibi-
tor because as a substrate for transport, it inhibits P-gp activity
with other substrates in a competitive mode. By comparing with
basal and verapamil-stimulated P-gp ATPase activities, we
observed that raloxifene had the similar function with verapamil
which increased the ATPase activity in recombinant human P-gp
membrane protein (Fig. 4B). These results suggest that raloxi-
fene could affect P-gp ATPase activity by interacting with P-gp
directly.

Raloxifene sensitizes resistance of MDR cell lines to
paclitaxel in vivo

Animal studies were performed to determine whether the
effects of raloxifene also occurred in xenograft models. The

results showed that raloxifene alone had little suppressive effects
on the growth of tumors generated from 3 cell lines. The tumor
size of Bcap37 cells was well-controlled by treated with paclitaxel
with or without raloxifene, with inhibition rate without essential
distinction (62% and 68%, respectively). Consistent with in vitro
experiments, tumor masses from 2 MDR cell lines possessed sig-
nificant resistance to paclitaxel in vivo. However, compared with
paclitaxel alone, co-treated with raloxifene significantly strength-
ened toxicity of paclitaxel to Bats-72 and Bads-200 tumor
masses, with inhibitory rate from 33% to 73% and 18% to 53%,
respectively (Fig. 5A). Two MDR cell lines had distinct proper-
ties of proliferative ability and drug-sensitivity in vivo. Bats72
cell line was more sensitive to paclitaxel than Bads-200 cell line,
and showed better response to raloxifene. This conclusion was
also confirmed by the tumor weight (Fig. 5B).

Combination of raloxifene with paclitaxel reduced
proliferative effects of MDR cell lines in vivo

Paraffin-embedded tissue sections of tumors derived from 3
cell lines with different treatment of drugs were stained with pro-
liferation marker Ki-67. As shown in Figure 6, no significant dif-
ference on the percentage of Ki-67-positive areas was observed
between the groups treated with PBS, raloxifene with or without
paclitaxel in Bats-72 and Bads-200 tumors. So did the control
and raloxifene groups in Bcap37 tumors. These data suggested
that raloxifene itself had little impact on the tumor cell prolifera-
tion in these 3 xenograft models. However, 7 cycles of co-
administration of paclitaxel with raloxifene significantly reduced
the percentages of Ki-67-positive areas to 41% in Bats-72
tumors, and 48% in Bads-200 tumors, respectively (both
P < 0.05 versus PTX, Figure 6B). These results indicate that

Figure 3. The reversal effect of raloxifene via enhanced paclitaxel-induced cell apoptosis. Early
apoptosis was quantified by combined staining with Annexin V and propidium iodide and flow cyto-
metric analysis after treated for 48h (the percentages in right bottom stand for early apoptotic cells,
and the percentages in top right present late apoptotic cells).
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raloxifene could reinforce paclitaxel-induced tumor growth inhi-
bition in vivo.

Discussions
Quite a few clinical trials have suggested that tamoxifen, a typ-

ical SERM, could reduce the risk of ER positive breast can-
cer.17,18,21,22 Further studies revealed that raloxifene was as
effective as tamoxifen in reducing the risk of invasive breast can-
cer. Particularly, it has a lower risk of thromboembolic events
and cataracts, suggesting its bright prospect in breast cancer pre-
vention.14,23,24 Although tamoxifen and fulvestrant (ICI
182,780), the pure estrogen receptor antagonists, have been dem-
onstrated their sensitizing effects on chemotherapeutics in breast
cancer cells expressing ER-a, very few studies have investigated
whether raloxifene could sensitize multidrug resistant breast

cancer cells to anti-microtubule agents,5,13 especially ER negative
breast tumor which usually results in poor prognosis.

BCcap37 was originally quite sensitive to antimicrotubule
agent induced apoptosis and G2/M arrest.20 However, through
repeated selection and screening with paclitaxel, Bads-200 and
Bats-72 were born with multidrug resistance, high expression of
P-gp and no expression of ER. In the current study, we found
that co-treatment with raloxifene could significantly reverse the
resistance to paclitaxel in ER¡ MDR breast cancer cell lines
Bads-200 and Bats-72 by enhancing paclitaxel induced mitotic
arrest and apoptosis in vitro and in vivo.

Several experiments have suggested that paclitaxel might
induce apoptosis independently of a prior G2/M-phase
arrest.25,26 The 2 drug-resistant cells were induced analogous
effects by co-incubation of paclitaxel and raloxifene, meanwhile
Bads-200 cells also presented G1 phase arrest. CyclinB1 is peri-
odically expressed in the cell cycle and accumulates in the G2/M
phase,6,27 and causes dose-dependent mitotic arrest pheno-
types.28 Our results indicated that paclitaxel with the pre-
treatment of raloxifene caused increased levels of CyclinB1 in all
the 3 cell lines, which coincided with paclitaxel-induced G2-M
arrest. In addition, cell division cycle 25 (CDC25) phosphatases
regulate key transitions between cell cycle phases during normal
cell division, and they are key targets of the checkpoint machin-
ery in the event of DNA damage.29,30 It was demonstrated that
phosphorylation of Cdc25C was required for the activation of
cdc2-cyclin B and entry into M-phase.31 In our experiments, pac-
litaxel with raloxifene induced Cdc25C phosphorylation in bats-
72 cells, which also emerged in BCap37 cells when treated with
paclitaxel. Consistent with the in vivo test, compared to the
group treated with raloxifene or paclitaxel alone, the Bats-72 and
Bads-200 tumors exposed to combination of raloxifene and pacli-
taxel exhibited much less Ki-67 positive cells and smaller tumor
volumes.

Additionally, previous studies have demonstrated that Bcl-2
protects cancer cells from apoptosis induced by a variety of anti-
cancer agents and Bcl-2 phosphorylation/downregulation play
important roles in paclitaxel-induced apoptosis.32-35 Bcl-2 phos-
phorylation is supposed to be a specific hallmark of paclitaxel
cytotoxicity and a significant step from microtubule damage to
apoptosis.34,36 Cells are more susceptible to a death signal during
the G2/M when Bcl-2 phosphorylation occurs, indicating that
Bcl-2 phosphorylation may lower the threshold for apoptosis in
the G2/M phase.37 Through our experiments, western blot
revealed that pre-treatment of raloxifene with paclitaxel caused
phosphorylation of Bcl-2 in both Bats-72 and Bads-200 cells
(down-regulation of Bcl-2 was also seen in BCap37 cells), coin-
cided with the apoptosis assay results determined by flow cytome-
try. These combined treatments also disturbed cell-cycle
progression in the G2/M stage in parallel with phosphorylation
of Bcl-2. Our results suggest that raloxifene may sensitize Bats-72
and Bads-200 cells to paclitaxel through Bcl-2 phosphorylation
and reactivation of apoptotic signal pathways.

Above results agreed with previous reports on MDR rever-
sion by SERM, such as Tamoxifen, Toremifene and Droloxi-
fene.8,9,38-40 Our results also suggested that raloxifene could

Figure 4. Raloxifene affect the activities of P-gp, Cdc25C, Cyclin B 1
and Bcl-2 proteins. (A) Western blotting analyses for the P-gp, Cdc25C,
Cyclin B 1 and bcl¡2 proteins. Cells were treated with different concen-
trations of raloxifene or paclitaxel or their various combinations as
described. Equal amounts (40mg/lane) of cellular protein analyzed by
immunoblotting with anti-P-gp, Cdc25C, Cyclin B 1 and bcl¡2 antibodies.
b-Actin protein was blotted as a control. (B) Stimulation of P-gp ATPase
activity by raloxifene. Untreated (NT), 100mM Na3VO4-, 10-50mM raloxifene
and 200mM Verapamil-treated P-gp reactions were performed according
to the protocol. The decrease in luminescence of NT samples compared to
samples plus Na3VO4 (DRLUbasal) represents basal P-gp ATPase activity,
which was transformed as 1. The change in luminescence of Verapamil-
treated samples (DRLUTC) represents Verapamil-stimulated P-gp ATPase
activity. The change in luminescence of raloxifene-treated samples
(DRLURAL) represents raloxifene-stimulated P-gp ATPase activity. DRLUTC

and DRLURAL were transformed as ratios of DRLUbasal to illustrate the stim-
ulation of P-gp ATPase activity by raloxifene. *P< 0.05 versus basal.
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reverse MDR independent of antagonizing ER mediated sig-
nal pathway. P-glycoprotein is overexpressed in many multi-
drug resistant cells as an energy-dependent membrane
transporter, including Bats-72 and Bads-200 cells. P-
glycoprotein could extrude excessive chemotherapeutic drugs
from cells and prevent the cytotoxic effects of the drugs.3

Raloxifene might act as a chemosensitizer when co-adminis-
tered with paclitaxel and we suspected that the mechanism of
reversal modulation of multidrug resistance by raloxifene was
related to its down regulation of over-expression of P-
glycoprotein. In previous studies, tamoxifen inhibited P-
glycoprotein overexpression or decreased P-glycoprotein
mRNA levels and therefore reversed the multidrug resistance
of cancer cells.9 Another selective estrogen receptor modula-
tor, Doxoloxifene, could directly inhibited P-glycoprotein
pump-efflux functions.40 Our protein gel blotting showed
that pre-treatment of raloxifene at 10 mM or 20 mM for
48 hours did not inhibit the expression of P-glycoprotein but
stimulated P-gp ATPase activity with a tendency similar to
verapamil. These results support the hypothesis that raloxi-
fene reverses MDR in tumor cells by uncoupling P-gp
ATPase activity from the drug substrate efflux activity of P-
glycoprotein as a substrate competitive inhibitor. Therefore,
our studies suggested that raloxifene might not only be used
as ER antagonist for endocrine therapy in ER+ breast cancers,
but also be valuable as a chemosensitizer to reverse P-gp

Figure 5. Raloxifene sensitizes resistance of MDR cell lines to paclitaxel in vivo. Nude mice bearing Bcap37, Bats-72 and Bads-200 tumors were
treated with raloxifene, paclitaxel and their combination in indicated doses. Tumor size (A) and tumor weight (B) were measured and calculated as
described in materials and methods. Data are presented as mean § standard error based on 12 mice for each group in 2 independent experiments. *P
< 0.05 vs. PTX.

Figure 6. Raloxifene with paclitaxel reduces proliferation of MDR cell
lines in vivo. (A) Ki-67 immunohistochemistry staining of Bcap37, Bats-
72, Bads-200 tumors after various treatments. (B) Quantitative analysis of
Ki-67 positive area percentage. Data are presented as mean § standard
error based on 5 randomly selected microscopic fields for each group.
*P < 0.05 versus PTX.
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mediated MDR breast cancers, particularly for ER- breast
cancers in clinic.

In summary, through a series of assays, we found that the
combination of raloxifene, a selective ER modulator, could dra-
matically reverse the drug resistance to paclitaxel in Bats-72 and
Bads-200 cells, and even produced synergistic effects. Further
assays showed that the reversal of MDR by raloxifene was medi-
ated through selective and potent inhibition of P-glycoprotein
function. Other potential mechanisms might also be involved.
Particularly, raloxifene hydrochloride has little or even no cyto-
toxicity cell lines or animal models used in the experiments, it
might be valuable as a potential safe chemosensitizer agent for
cancer therapy.

Materials and Methods

Cell lines and mice
The multidrug resistant cell lines Bats-72 and Bads-200 were

respectively screened from ER- human breast cancer cell line
BCap37 by time-stepwise and dose-stepwise increment exposure
of paclitaxel as described previously.20 BCap37 and Bats-72 cells
were maintained in RPMI 1640 supplemented with 10% fetal
bovine serum and 1% penicillin/streptomycin,5,20 whereas Bads-
200 cells were cultured with additional 200 nM paclitaxel.
Female aged 5 weeks of athymic nude mice were purchased from
Shanghai SLAC animal facility. All animal cares and experiments
were conducted by the Guidelines of Zhejiang University Animal
Care Committee.

Drugs and treatments
Raloxifene hydrochloride were purchased from Sigma and dis-

solved in DMSO. Paclitaxel (Taxol
�
injection) was purchased

from Mead Johnson Co, (Princeton. NJ). Drugs were diluted
with culture media to obtain the desired concentrations prior to
usage. Cells were cultured into 96-well or 6-well plates in drug-
free medium for 24 h. Then the cells were treated with distinct
concentrations of paclitaxel (5 nM, 200 nM and 2000 nM for
BCap37, Bats-72 and Bads-200 cells, respectively) with or with-
out 3 h pre-treatment of raloxifene (10 mM for BCap37 and
Bats-72 cells, 20 mM for Bads-200 cells).

3-(4, 5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide assay

Drug-induced cytotoxicity was determined by MTT assay as
described previously.41 Briefly, cells were seeded into 96-well
plates at 104 cells per well. After incubation overnight, the cells
were treated with drugs designated as described above for 72 h.
Four hours before the end of treatments, MTT solution was
added. Finally, the medium was removed and 200 mL of DMSO
was added to dissolve the formazan crystals. The absorbance in
individual wells at 570 nm was measured by a microplate reader.

Cell morphology in vitro
The cytotoxicity of paclitaxel, raloxifene, and their combina-

tion was further evaluated by cell morphology. Cells were plated

on 6-well plates (35 mm) with 105 cells/well. The tumor cells
were incubated in drug-free medium for about 24 h before they
were exposed to different concentrations of paclitaxel with or
without pre-treatment of raloxifene as described above. After
treatment for 24 h, cells on the plates were examined and photo-
graphed using bright-field microscope.

Cell cycle analysis
Flow cytometric analysis was used to determine the cell cycle

distribution and induction of apoptosis. Cells were plated on 6-
well plates (35 mm) with approximately 105 cells /well. After
24 h, the medium was replaced with fresh medium containing
paclitaxel alone or in combination with raloxifene as mentioned.
At the end of treatments for 48 h, both detached and attached
cells were harvested and washed twice with PBS. Cell sample
preparation, including propidium iodide staining, was performed
as described previously.42 Cell cycle distribution and DNA con-
tent were determined using a Coulter Epics V instrument
(Beckman Coulter, Inc., Fullerton, CA).

Apoptotic analysis
Annexin V/propidium iodide (PI) apoptosis detection kit

(Beyotime, Haimen, China) was used to detect cell apoptosis
according to the manufacturer’s instructions.20 Briefly, cells were
harvested and washed twice with PBS after treatment for 48 h.
Then cells were suspended with 400 mL of Annexin V binding
buffer. 5 mL of fluorescein isothiocyanate (FITC) Annexin V
and 10 mL of PtdIns were added and the cells were incubated in
the mixture for 15 min at 4�C in the dark. Finally, the percent-
age of apoptotic cells was determined by flow cytometry.

Western blot analysis
After various treatments for 24 h, cells were harvested and

washed twice with PBS. Equal amounts (40 mg/lane) of proteins
were fractionated on 10 to 12% SDS–PAGE gels and transferred
to polyvinylidene difluoride membranes. The membranes were
incubated with anti-Bcl-2 (DAKO), anti-MDR1, anti-Cdc25C
and anti_CyclinB1 (Santa Cruz, CA) primary antibodies, respec-
tively. After washing with PBS containing 0.1% (v/v) Tween 20,
the membranes were incubated with peroxidase-conjugated sec-
ondary antibodies (Santa Cruz, CA) followed by enhanced
chemiluminescence staining using the ECL system (Amersham
Biosciences, UK). b-actin (Santa Cruz, CA) was used for normal-
ization of protein loading.

P-glycoprotein ATPase activity assay
The P-gp-GloTM Assay Systems (Promega) provide the neces-

sary reagents for performing luminescent P-glycoprotein ATPase
assays.43 The P-gp-GloTM Assay relies on the ATP-dependence
of the light-generating reaction of firefly luciferase, which is a
valuable screening tool for determining if a drug interacts with P-
gp. This assay system consists of human P-gp/MDR1 membrane
and P-gp/MDR1-negative control membrane fractions, buffers,
solutions, and relevant reagents. The effect of raloxifene (10, 20
and 50 mM) on the ATPase activity of P-glycoprotein was mea-
sured according to the manufacturer’s protocol.
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Animal studies
Tumor cells (4 £ 106 cells in 0.2 ml PBS) were injected via

subcutaneous route in the left flank of Nude mice (female,
6-weeks old). When tumors reached a mean diameter of
0.3–0.4 cm, each type of xenografts were randomly divided into
4 groups and treated with (i) vehicle; (ii) raloxifene (60 mg/kg,
p.o.); (iii) paclitaxel (20 mg/kg, i.v.); (iiii) raloxifene (60 mg/kg,
p.o.) and paclitaxel (20 mg/kg, i.v.). The paclitaxel treatment was
repeated every 3 days for total of 8 cycles. In each cycle, raloxi-
fene was administrated at the same day with paclitaxel and the
day before paclitaxel. Two perpendicular diameters (width and
length) of the tumors were collected every 3 days. The tumor vol-
ume was calculated according to the following formula: volume
(mm3) D p(L £ W2)/6.44 Data were representative of 2 separate
experiments.

Histology assays
Tumor tissues were collected at the indicated time, fixed in

10% neutral formalin, embedded in paraffin, and stained with
mAb to Ki-67 followed by examination and photography under

microscopy. Image-Pro Plus was used to figure up the brown
areas which were stained by mAb to Ki-67 of 5 randomly non-
necrotic microscopic fields (400 £) for each group.

Statistical analysis
Data are presented as mean§ standard error of 3 independent

experiments. Data were evaluated by variance analysis of single
factor (ANOVA) and Tukey–Kramer post-hoc comparison to
determine the statistical difference between various experimental
and control groups. Differences were considered statistically sig-
nificant at a level of *P < 0.05.
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