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Estrogen receptor (ER) is a major therapeutic target for the treatment of breast cancer, because of the crucial role of
estrogen signaling deregulation in the development and progression of breast cancer. In this study, we report the
identification of a novel ERa binding compound, cryptotanshinone (CPT), by screening the CADD database. We also
show that CPT effectively inhibits estrogen-induced ER transactivation and gene expression of ER target genes.
Furthermore, we showed that CPT suppressed breast cancer cell growth mainly in an ERa dependent manner. Finally,
we confirmed the potential therapeutic efficiency of CPT using xenograft experiments in vivo. Taken together, our
results describe a novel mechanism for the anticancer activity of CPT and provide supporting evidence for its use as a
potential therapeutic agent to treat patients with ERa positive breast cancer.

Introduction

Breast cancer is the most commonly diagnosed cancer among
women specifically in the United States and remains the second
leading cause of cancer deaths.1 Estrogen and estrogen receptor
(ER) play a pivotal role in the development and progression of
breast cancer.2,3 The ERa, a member of the nuclear hormone
receptor superfamily and a ligand-regulated transcription factor,
is expressed in at least 70% of breast tumors.4-6 The pro-onco-
genic effect of ERa is mediated primarily by the binding of estro-
gen to ERa, which directly activates the transcription of ER
target genes by directly binding to the estrogen-responsive ele-
ments (EREs) on their promoters. Indirect activation of gene
transcription without EREs on their gene promoters also occurs
through interaction with other transcription factors that regulate
the expression of multiple target genes, which promote cell prolif-
eration or decrease apoptosis.7-11 Because of the importance of
estrogen signaling in the carcinogenesis of breast cancer, ERa has
become the target of current endocrine therapies for breast cancer.

Salvia miltiorrhiza Bunge (Danshen), a well-known tradi-
tional Chinese herb, is commonly used in the clinical treatment

of multiple diseases including cardiovascular diseases, diabetes,
hepatitis, ischemic stroke, chronic renal failure and menstrual
disorders.12,13 Cryptotanshinone (CPT), one of the major repre-
sentative components isolated from Danshen, has been reported
to possess various pharmacological activities, such as anti-inflam-
matory, anti-angiogenic, anti-oxidative, anti-obese, and anti-dia-
betic functions.14-17 Recently, CPT has also been reported to
have obvious antitumor activity in a variety of cancer cells,
including prostate carcinoma, hepatocarcinoma, rhabdomyosar-
coma and melanoma cells.18-23 In breast carcinoma cells, CPT
has been shown to inhibit MCF7 cell proliferation by suppress-
ing mTOR mediated CyclinD1 expression and Rb phosphoryla-
tion that lead to MCF7 cell apoptosis by inducing stress in the
endoplasmic reticulum (ER).24,25 However, it is not known
whether CPT has any effects on estrogen-stimulated ER signaling
and estrogen /ER mediated cancer cell growth.

In this study, we determined the effects of CPT on estrogen
signaling and estrogen induced cell growth. We identified that
CPT isolated from natural products could be a novel ERa bind-
ing compound and show that CPT suppressed E2-induced ER
transcriptional activity and the expression of ER target genes
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through competitive binding of ERa. Consistent with the inhibi-
tory effect of CPT on estrogen signaling, CPT treatment more
effectively inhibits the growth of ERa positive breast cancer cells
compared ERa negative breast cancer cells. We further con-
firmed the potential therapeutic efficiency of CPT using xeno-
graft experiments in vivo. Our findings show that CPT is an
anti-ERa isolated from a natural source, with potential to be
used in the therapeutic treatment of ERa positive breast cancer
patients.

Results

Identification of CPT as a novel ERa modulator
To expedite identification of ERa antagonists that may be

directly used for the treatment of ER-associated breast cancer, we
chose to screen a database of natural products using computer-
aided drug design (CADD) methods based on the 3D structure
of the ERa protein. The binding pocket of ERa was made of
Leu346, Thr347, Ala350, Glu353, Leu387, Met388, Leu391,
Arg394, Phe404, Met421, Ile424, Leu525, and His524. Since
most of the residues are non-polar, the binding pocket was pre-
sumed to be hydrophobic. Among the »10,000 natural products
screened virtually, CPT ranked among the top 10% of the com-
pounds with the best glide scores for docking to the human ERa
protein. Therefore, CPT was selected and subjected to experi-
mental testing. To evaluate the mode of binding between CPT
and ERa protein, computer docking was simulated. Since the
chemical structure of estradiol (Fig. 1A) is similar to CPT with 3
cyclohexane rings, one cyclopentane ring and 17 carbon atoms,
estradiol was chosen for the simulation. As shown in Figure 1B,
estradiol can form 2 hydrogen bonds with Glu353 and Arg394
at the entrance of the active sites of ERa. Although CPT has no
hydrogen bond with ERa, it was docked into the hydrophobic
pocket of this protein, and the binding conformation overlapped
well with that of estradiol. Evidently, CPT has interaction energy
comparable to that of estradiol with ERa (Fig. 1B). To validate
that CPT binds directly to the ERa protein, we examined
whether binding of the modulator altered the fluorescence of the
protein using the ERa competitive-binding assay. As shown in
Figure 1C, CPT significantly quenched ERa fluorescence with
the IC50 value of 1.36 nM indicating that CPT binds directly to
ERa, and its potential as a promising ERa antagonist for the
development of novel anti-breast cancer drug.

CPT inhibited ERa-mediated transcriptional activity
but not ERa protein levels

Since the previous results demonstrated that CPT could bind
directly to the ERa protein, we next tested whether CPT could
modulate ERa function. For this, we first investigated the ability
of CPT to regulate the ER-mediated transactivation activity. To
test this possibility, ERa positive breast cancer cells (ZR-75-1
and MCF7) were transiently transfected with an ERE reporter
construct. In both ZR-75-1 and MCF7 cells, E2 stimulated an
ERE-driven luciferase reporter activity, and CPT effectively
suppressed the E2-induced transcriptional activity in a

concentrations dependent manner (Fig. 2A). To further illustrate
the ability of CPT to regulate ER-mediated transactivation activ-
ity, we explored the effect of CPT on mRNA as well as protein
levels of ER target genes in both ZR-75-1 and MCF7 cells. Our
data showed that the ER target gene (pS2, and Cat D) mRNA
levels were induced by 10 nM E2, and addition of 2 mM CPT
significantly inhibited E2-induced pS2, and Cat D mRNA levels
in both ZR-75-1 and MCF7 cells (Fig. 2B). In addition, CPT
also inhibited E2-induced pS2, and Cat D protein levels in both
ZR-75-1 and MCF7 cells in a concentration dependent manner
(Fig. 2C). However, we found that CPT has little effect on ERa
protein levels in both ZR-75-1 and MCF7 cells (Fig. 2C), indi-
cating that CPT may inhibit ER transcriptional activity through
competitive binding of ERa, rather than by down-regulating
ERa expression levels.

CPT inhibits estrogen-stimulated cell growth and survival
in ERa-positive breast cancer cells

Because of the critical role of ER signaling in breast cancer cell
proliferation and survival, we next investigated the effect of CPT
on cell proliferation and survival of ERa positive breast cancer
cells (ZR-75-1 and MCF7) in the presence or absence of E2. As
shown in Figure 3A, cell growth was assessed by CCK8 assay. In
the presence of 10 nM E2, treatment with CPT for 48 h inhib-
ited cell growth in a dose-dependent manner. However, in the
absence of E2, the inhibitory effect of different CPT concentra-
tions on cell growth was not significantly antagonized in both
cells. We then examined the effects of CPT on cell survival using
Colony-Forming Unit assay, and obtained results similar to cell
proliferation (Fig. 3B). These findings suggest that CPT could
inhibit estrogen-stimulated cell growth and survival in ERa-posi-
tive breast cancer cells.

CPT inhibited breast cancer cell growth in an ERa
dependent manner

Previous results showed that CPT effectively inhibited the cell
growth and survival of ERa-positive human breast cancer cells in
the presence of E2, compared to the absence of E2, which indi-
cates that CPT may inhibit cell growth and survival through its
antiestrogen activity and that ERa is required for its inhibitory
effect on cell growth. To further test this hypothesis, the half
maximal inhibitory concentration (IC50) of CPT on ERa posi-
tive breast cancer cells (ZR-75-1 and MCF7) and ERa negative
breast cancer cells (MDA-MB-231 and MDA-MB-435) was
determined by half-inhibition of cell growth 48 h after CPT
treatments with or without 10 nM E2. In the presence of E2, the
IC50 concentrations of CPT in ZR-75-1, MCF7, MDA-MB-
231 and MDA-MB-435 were 1.7 § 0.1 mM, 1.1 § 0.1 mM,
21.9 § 1.5 mM, and 17.9 § 1.2 mM, respectively (Fig. 4A). In
the absence of E2, the IC50 concentrations of CPT in ZR-75-1,
MCF7, MDA-MB-231 and MDA-MB-435 were 15.8 §
0.8 mM, 12.2 § 0.6 mM, 18.8 § 1.1 mM, and 19.3 § 1.6 mM,
respectively (Fig. 4A). These results indicate that CPT more
effectively inhibited the cell growth of ERa-positive human
breast cancer cells compared to ERa negative breast cancer cells,
confirming the hypothesis that ER is required for the inhibitory
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effect of CPT on cell
growth. To further validate
this hypothesis, we sup-
pressed the expression of
ERa in both ZR-75-1 and
MCF7 cells and investi-
gated whether the deple-
tion of ERa alters the
inhibitory effect of CPT
on cell growth in the pres-
ence of E2. Figure 4B and
C shows that ERa knock-
down suppressed the E2-
induced transcriptional
activity. As shown in
Figure 4D, ERa knock-
down suppressed the
inhibitory effect of CPT
on cell growth, confirming
that CPT inhibits breast
cancer cell growth by
inhibiting ERa.

CPT can effectively
inhibit breast cancer
growth in vivo

We next determined the
therapeutic efficiency of
CPT using xenograft
experiments in vivo. To
test the CPT anti-cancer
effect in vivo, the ZR-75-1
xenograft model was established. When tumors reached an
approximate volume of 100 mm3, mice were randomly allocated
to 2 groups and treated with control oil or 15 mg/kg CPT every
2 days by intra-peritoneal injection. After 3 weeks of treatment,
the mice were sacrificed and tumors were collected. The results
show that CPT treatments effectively inhibited tumor growth in
BALB/c nude mice (Fig. 5A–C), but has little effect on mouse
body weight (Fig. 5D). Moreover, we found that the ER target
gene protein expression (pS2, and Cat D) was significantly sup-
pressed in CPT treated group without affecting the ERa protein
level (Fig. 5E), indicating that CPT can effectively inhibit ER
signaling in an in vivo xenograft model.

Discussion

Down-regulated estrogen signaling is crucial for the develop-
ment and progression of breast cancer. Estrogen mediates its bio-
logical effects primarily by binding to ER, that results in
conformational changes in ER protein structure, followed by ER
dimerization, and binding to estrogen response elements (ERE)
on the promoters of estrogen-responsive genes. Increased tran-
scription of ER target genes promotes cell proliferation and
antagonizes cell apoptosis,9,11,26 which contribute to
tumorigenesis.

In this study, using CADD database screening of natural
products, we identified CPT as a novel ERa binding compound
that is structurally similar to estradiol. Molecular modeling pre-
dicted that CPT could target the hydrophobic pocket of ERa
and has interaction energy comparable to estradiol with ERa.
We further confirmed that CPT directly binds to ERa through
fluorescence quenching experiments. To test the effect of CPT
on ER transcriptional activity, we determined the relative lucifer-
ase activity within ERa positive breast cancer cells (ZR-75-1 and
MCF7) transiently transfected with an ERE reporter construct.
The results showed that CPT suppressed the ERE-driven lucifer-
ase reporter activity induced by E2. To further confirm the ability
of CPT to regulate ER transcriptional activity, expression of ER
target genes was assayed in ERa positive breast cancer cells
treated with CPT and E2. Our data showed that the ER target
gene (pS2 and Cat D) mRNA and protein levels were induced by
E2, and CPT significantly suppressed the E2-induced ER target
gene expression in ZR-75-1 and MCF7 cells. Further results
showed that CPT had little effect on the protein levels of ERa,
indicating that CPT may inhibit ER transcriptional activity
through competitive binding of ERa, rather than by down-regu-
lating ERa expression levels. We then investigated the effects of
CPT on the cell proliferation of ERa positive breast cancer cells
(ZR-75-1 and MCF7) in the presence or absence of E2. The

Figure 1. CPT is an ERa modulator. (A) Chemical structure of estradiol and CPT. (B) Molecular model of estradiol and
CPT docking with ERa. The protein structure is shown in plum color (ribbon), CPT and estradiol are shown in green
and yellow carbon scheme, respectively. Hydrogen bonds are shown in blue dashed lines. (C) Direct binding of CPT
to ERa in the ERa competitive-binding assay. Assay composition consisted of serial dilutions of the indicated com-
pounds in 1% final DMSO concentration, 2 nM ERa-LBD, 3 nM FluormoneTM ES2 Green, and 2 nM Tb anti-GST anti-
body. Results are shown with the corresponding IC50 values. Experiments were repeated 3 times. Data shown are the
mean § SD.
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results showed that CPT inhibits cell growth in a dose-dependent
manner in the presence of E2, but had moderate inhibitory effect
on cell growth in the absence of E2, indicating that CPT affected
breast cancer cell growth through ER dependent signaling. To
confirm the inhibition of CPT to breast cancer cell growth in a
ER signaling dependent manner, we compared IC50 values of
CPT in ERa positive (ZR-75-1 and MCF7) and ERa negative
(MDA-MB-231 and MDA-MB-435) breast cancer cells in the

presence or absence of E2. We found that that
CPT more effectively inhibited the growth of
ERa positive breast cancer cells. The result that
depletion of ERa antagonized the inhibitory
effect of CPT to ERa positive breast cancer cell
growth further validated that CPT inhibits
breast cancer cell growth by inhibiting ERa.
Recently, CPT was reported to inhibit the
androgen receptor activity and suppress pros-
tate cancer growth in androgen-dependent
manner, but the reason for that is not due to
the direct bind to androgen receptor and is
attributed to its functional inhibition of LSD1-
mediated demethylation of H3K9.19,20 Than-
shinone I has been reported to induce apoptosis
of breast cancer cells,27 so it is possible that
Thanshinone I also could inhibit ER transcrip-
tional activity due to the similarity of the chem-
ical structures of Thanshinone I and CPT.
However, we found that anshinones I less effec-
tively inhibited E2-induced transcriptional
activity and expression of the ER target gene
(pS2, and Cat D) in the presence of E2, com-
pared with CPT, which is consistent with the
same inhibitory effect of anshinones I on ER-
positive as well as ER-negative cancer cells.

Taken together, we think that the effect of CPT on the binding
to ERa and inhibition of ER signaling is specific to a certain
extent.

Recently, CPT has been reported to exert potential anticancer
activity in multiple cancer cells through different mechanisms.
CPT has been found to suppress DU145 cell growth by inhibit-
ing STAT3 signaling, mTOR-mediated cyclin D1 expression
and Rb phosphorylation.18,24 In addition, CPT has been found

Figure 2. CPT inhibits ER-mediated transcriptional
activity but not ERa protein levels. (A) CPT inhibits
E2-induced ERE reporter gene activity. ZR-75-1 and
MCF7 cells were transiently transfected with an ERE
reporter construct or a control Renilla luciferase
construct. After 24 h of transfection, cells were
treated with various concentrations of CPT with
10 nM E2 or left untreated for 24 h. Results are
shown as mean § SD of 3 independent experi-
ments. (B) ZR-75-1 and MCF7 cells were treated
with or without 10 nM E2, 2 mM CPT or a combina-
tion of both for 24 h and then the mRNA expres-
sion of ER target genes (pS2, and Cat D) was
analyzed using real-time RT-PCR. Data shown are
mean § SD of 3 independent experiments with 3
replicates in each experiment. (C) ZR-75-1 and
MCF7 cells were treated with various concentra-
tions of CPT with or without 10 nM E2. After treat-
ment for 48 h, the cells were harvested and were
analyzed for protein expressions of ER target genes
(pS2, and Cat D) using Western blot. Experiments
were repeated 3 times and similar results were
obtained in all. Therefore, representative result
from one experiment is shown.
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to inhibit HepG2 cell proliferation by
arresting cell cycle at the G1 phase in
an AMPK-dependent manner.28 It has
been found that CPT leads to caspase-
independent cell death in Rh30 and DU145 cells by activating
p38/JNK signaling and inhibiting Erk1/2 signaling in a reactive
oxygen species (ROS) dependent manner.22 CPT has been found
to induce MCF7 cell apoptosis in a similar manner. Additionally,
recent studies demonstrated that CPT induces endoplasmic retic-
ulum (ER) stress-mediated apoptosis in MCF7 cell via ROS gen-
eration.25 However, the effects of CPT on estrogen signaling and
estrogen induced cell growth remain unclear, although estrogen
signaling has been recognized as a crucial carcinogenic factor in
breast cancer. Our study demonstrated that CPT inhibits ER
transcriptional activity and affects breast cancer cell growth in an
ER dependent manner, indicating that CPT has the potential to
be developed as an anti-ERa drug for the treatment of ERa posi-
tive breast cancer patients. Further, higher concentrations of
CPT (more than 5 mM) was found to inhibit the cell prolifera-
tion of ERa positive breast cancer cells (ZR-75-1 and MCF7) in
the absence of E2 and ERa negative breast cancer cells (MDA-
MB-231 and MDA-MB-435) in the presence or absence of E2.
Based on these results, we presume that CPT could control breast
cancer cell growth by regulating other signaling pathways
reported previously, such as mTOR, p38/JNK, Erk1/2 signaling
or induction of endoplasmic reticulum (ER) stress, rather than
estrogen signaling. Therefore, it is also possible that CPT has the
potential to treat ERa negative breast cancer patients, such as
those resistant to tamoxifen.

In summary, our data reveal that CPT is a novel potential
estrogen signaling inhibitor, which could suppress E2-induced
ER transcriptional activity through competitive binding and E2-
stimulated cell growth and survival in ERa-positive breast cancer

cells. These results describe a novel mechanism of anticancer
activity for CPT and expand our understanding of the signaling
pathways regulated by CPT. More importantly the data pre-
sented in this study suggest the possibility for the use of CPT as a
novel potential antiestrogen drug to treat patients with ERa posi-
tive breast cancer.

Materials and Methods

Antibodies and chemicals
Antibodies from Santa Cruz (Santa Cruz, CA, USA) included

ER-a and tubulin. Anti-pS2 was Abcam. Anti-Cathepsin D anti-
bodies were obtained from Cell Signaling Technology (Beverly,
MA, USA). Cryptotanshinone was obtained from Xi’an HaoX-
uan Bio-Tech Co., Ltd (Xi’ an, China), and dissolved in DMSO
to prepare stock solutions (20 mM) for subsequent experiments.
17 b-estradiol (E2) was purchased from Sigma (St. Louis, MO,
USA). All test compounds possess a purity of �98% by HPLC
according to the manufacturer.

Computational modeling of the CPT docking pose
Briefly, the 3-dimensional (3D) crystal structure of ERa was

downloaded from Protein Data Bank database (http://rcsb.org)
using the ID code 1ERR. Chain A was used for molecular dock-
ing, hydrogen atoms were added using the Protein Preparation
Wizard in the Schr€odinger program, and the force field used was
OPLS_2005. The center of mass (COM) of Glu353, Arg394,
and His524 was defined as the center of the binding pockets with

Figure 3. CPT inhibits estrogen-stimulated
cell growth and survival in ERa-positive
breast cancer cells. (A) ZR-75-1 and MCF7
cells were grown in phenol red-free DMEM
supplemented with 10% charcoal/dextran
without FBS for 24 h and then treated with
various concentrations of CPT with or with-
out 10 nM E2. After treatment for 48 h, cell
growth was analyzed by CCK8 assay. Bars
(mean § SD) indicate the average of 3
independent experiments. (B) ZR-75-1 and
MCF7 cells were plated in phenol red-free
DMEM supplemented with 10% charcoal/
dextran without FBS. When attached, the
cells were treated with or without 10 nM
E2, 0.2 mM CPT or a combination of both.
Colonies were enumerated 10 days (ZR-75-
1 cells) or 16 days (MCF7 cells) later and
normalized against the number of colonies
derived from control cells without CPT
treatment. Data are shown as mean § SD.
Representative results from 2 independent
experiments are shown.
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a box size of 10 A
�
radius to produce grid parameters. Van der

Waals radius correction factor was 1.0, and partial charge cutoff
was 0.25. The structures of CPT and estradiol were built in Mae-
stro and processed by Ligprep module. Docking calculation was
performed by Glide module in the Schr€odinger program with
default parameters.

In vitro estrogen receptor (ER) competitive-binding assay
This assay was performed as described in the protocol of the

LanthaScreen� TR-FRET Estrogen Receptor a Competitive
Binding Assay Kit (Carlsbad, CA, USA). Briefly, 5 mL of Fluo-
rmoneTM ES2 Green tracer (3 nM) was added to 10 mL of each
of the compound serial dilutions (1% final DMSO concentra-
tion) or solvent controls in Nuclear Receptor Buffer K (contain-
ing 5 mM DTT) followed by addition of a mixture of 5 mL
ERa -LBD (2 nM) and terbium anti-GST antibody (2 nM) in a

black 384-well plate. After an incubation period at room temper-
ature for 2 h, the excitation wavelength was 340 nm and fluores-
cence was monitored from 495 to 520 nm using a fluorescence
plate reader and the TR-FRET ratio of 520:495 emissions was
calculated and can be used to determine the IC50 from a dose
response curve by plotting the emission vs. the log [ligand].

Cell culture
ZR-75-1, MCF7, MDA-MB-231 and MDA-MB-435 breast

cancer cells were routinely cultured in Dulbecco’s modified
Eagle’s medium (DMEM, Invitrogen) supplemented with 10%
fetal bovine serum (FBS, Hyclone, Logan, UT, USA). For hor-
mone treatment experiments, cells were maintained in phenol
red–free DMEM containing 10% charcoal/dextran stripped FBS
(Hyclone). Cells were cultured in an incubator at 37�C and 5%
CO2.

Figure 4. CPT inhibited breast cancer cell growth in an ER dependent manner. (A) IC50 of CPT in different breast cancer cells. We determined the IC50 val-
ues of CPT in ZR-75-1, MCF7, MDA-MB-231 and MDA-MB-435 cells. All cells were seeded on 96 well plates in phenol red-free DMEM supplemented with
10% charcoal/dextran without FBS for 24 h and then treated with a range of CPT concentrations alone or with 10 nM E2 for another 48 h. IC50 values
were determined by CCK8 assay. Data represent mean § SD of 3 independent experiments with 3 replicates in each experiment. (B and C) ERa knock-
down suppressed the E2-induced transcriptional activity. Control and ERa-depleted ZR-75-1 and MCF7 cells were transiently transfected with an ERE
reporter construct or a control Renilla luciferase construct. After 24 h of transfection, cells were treated with various concentrations of CPT with 10 nM
E2 or left untreated for 24 h. Results are shown as mean § SD of 3 independent experiments. (D) The inhibitory effect of CPT on cell growth was sup-
pressed by silencing ERa. Control and ERa-depleted ZR-75-1 and MCF7 cells were grown in phenol red-free DMEM supplemented with 10% charcoal/
dextran without FBS for 24 h and then treated with various concentrations of CPT in the presence of 10 nM E2. Two days later, cell growth was analyzed
by CCK8 assay. Data are shown as mean § SD of 3 independent experiments.
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To decrease the expres-
sion of ER, ZR-75-1 cells
were infected with appro-
priate amounts of lentivi-
ral particles carrying ER
shRNA or control shRNA
(lentivirus obtained from
GeneChem Co., Shang-
hai, China) with 8 ug/ml
polybrene. Twelve hours
later, virus-containing
medium was refreshed
with fresh medium. Infected cells were selected for stable cell
lines in 1 ug/ml puromycin 48 h later.

Luciferase reporter assays
Cells were seeded in triplicate in 96-well culture plates with

10% charcoal stripped (CS)-FBS in phenol red-free DMEM
medium for 24 h and transiently transfected with pGL3-

(ERE)3-Luc and the pRL-TK-Luc plasmids using Lipofect-
amine 2000 (Invitrogen, Carlsbad, CA, USA) according to the
manufacturer’s protocol. After 24 h post-transfection, the cells
were treated with serial concentrations of CPT with 10 nM
E2 or left untreated for 24 h. Then, cell lysates were prepared
and assayed for luciferase activity using the dual luciferase
assay system (Promega, Madison, WI, USA) according to the
manufacturer’s instructions.

Figure 5. CPT effectively
inhibited breast cancer
growth in vivo. To test the
therapeutic effect of CPT, 1
£ 107 ZR-75-1 cells were
injected into the abdominal
mammary fat pad of 6-
weeks old female BALB/c
nude mice after implanta-
tion of estrogen pellets for
2 days. After 2–3 weeks,
when tumor sizes were
approximately 100 mm3,
mice were randomly allo-
cated to 2 experimental
groups and intraperinoteally
injected with control oil or
15 mg/kg CPT every 2 days
for 3 weeks. The mice were
then sacrificed and the
tumors were collected for
data analysis. (A and B) CPT
inhibited tumor growth in
the in vivo ZR-75-1 xeno-
graft model. (C) CPT treat-
ment inhibited ZR-75-1
tumor weights. Data are
shown as mean § SD (n D
6 for each group, P < 0.05).
(D) CPT treatments had little
effect on mouse body
weights. Data are shown as
mean § SD (n D 6 for each
group, P < 0.05). (E) CPT
treatment inhibited the pro-
tein expression of ER target
genes, pS2, and Cat D, in
the in vivo xenografted ZR-
75-1 tumors.
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mRNA isolation and quantitative real-time PCR
Total RNA was isolated from breast cancer cells using TRIzol

reagent (Invitrogen, Carlsbad, CA,USA) and reverse transcription
was performed using SuperScript II Reverse Transcriptase (Invi-
trogen) following the manufacturer’s instructions. Quantitative
real-time PCR analyses were performed using the SYBR Green
PCR Master Mix kit (Perkin Elmer, Applied Biosystems, Welles-
ley, MA, USA) according to the manufacturer’s instructions. The
pS2 primer pairs were 50-CATCGACGTCCCTCCAGAAGAG-
30 and 50-CTCTGGGACTAATCACCGTGCTG-30. The Cat-
D primer pairs were 50-CGCGATCACACTGAAGCTGG-30

and 50-ACAGTGTAGTAGCGGCCGATG-30. The b-actin
control primers used were 50-ATCACCATTGGCAATGAGCG-
30 and 50-TTGAAGGTAGTTTCGTGGAT-30.

Western blot
Western blot were performed as described previously.29

Briefly, the whole cell lysates were prepared and the concentra-
tion of protein was measured using the BCA protein reagent
(Pierce Chemical, Rockford, IL, USA). Approximately 50 ug of
protein were resolved by 10% SDS-PAGE gel and then trans-
ferred to nitrocellulose membranes. After being blocked with 5%
nonfat milk for 2 h at room temperature, the membranes were
incubated with primary antibodies overnight at 4�C, followed by
incubation with secondary antibodies for 2 h at room tempera-
ture. Protein expressions were visualized using enhanced chemi-
luminescence (ECL) detection reagent.

Cell growth assay
Cells were seeded at a density of 1500 cells per well in tripli-

cate in 96-well culture plates, and cultured in phenol red-free
DMEM supplemented with 10% charcoal/dextran stripped FBS.
Once attached, the cells were treated with serial concentrations of
CPT with or without 10 nM E2. After treatment for 48 h, cell
growth was assessed using the Cell Counting Kit 8 (Dojindo Lab-
oratories, Tokyo, Japan) according to the manufacturer’s instruc-
tions. Data are presented as means § s.d.

Colony-Forming Unit Assay

ZR-75-1 cells (500 cells per well) or MCF7 cells (2500 cells
per well) were in triplicate in 6-well culture plates and cultured
in phenol red-free DMEM supplemented with 10% charcoal/
dextran stripped FBS. Once attached, the cells were treated with
or without 10 nM E2, 0.2 uM CPT or a combination. After
10 days (ZR-75-1 cells) or 16 days (MCF7 cells) of culture at
37�C and 5% CO2, colony forming units (CFUs) were assayed.

IC50 assay
To determine the IC50 value of CPT, 4 breast cancer cells,

ZR75-1, MCF7, MDA-MB-231 and MDA-MB-435 were
plated at a density of 5000 cells per well in 96-well culture plates.
The cells were grown in phenol red-free DMEM supplemented
with 10% charcoal/dextran without FBS. When attached, the
cells were treated with various concentrations of CPT alone or
with 10 nM E2 for 48 h. Then, cell viability was determined
using the Cell Counting Kit 8 assay. IC50 value was analyzed
using the program CompuSyn (Developer). All experiments were
performed in triplicates.

Xenograft animal model
About 6-weeks old female BALB/c nude mice (Vital River

Laboratories, Beijing, China) were implanted with estrogen pel-
lets (E2, 0.36 mg/pellet, 60-day release) (Innovative Research of
America, Sarasota, FL, USA). Two days after implantation,
mice were injected 1 £ 107 ZR-75-1 cells into the abdominal
mammary fat pad. When the tumors reached an approximate
size of 100 mm3, which took about 2–3 weeks, the mice were
randomly allocated to 2 experimental groups (n D 6); while
one group was treated with control oil the other group was
treated with 15 mg/kg CPT by intra-peritoneal (i.p.) injection
every 2 days for 3 weeks. The body weights of mice and tumor
growth were monitored every week. After 3 weeks of treatment,
all mice were sacrificed and the tumors were weighed. To detect
CPT effects on ERa and the protein levels of its target genes,
proteins were extracted from the tumor samples stored in liquid
nitrogen. Western blot analyses were performed as described in
Section 2.6.
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