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Abstract
Purpose Our previous study indicated that concurrent
administration of 4-OH-tamoxifen (TAM) and 5-Xuoroura-
cil (5-FU), but not doxorubicin (Dox), resulted in additive
antitumor eVects on endocrine-responsive breast cancer
cells. We further clariWed the eVects of combined adminis-
tration of endocrine therapy with chemotherapeutic agents
in this study.
Methods Concurrent treatment with 4-OH-TAM and pac-
litaxel (Ptx) was investigated in estrogen receptor (ER)-
positive breast cancer cells. Additionally, the combined
eVects of estrogen depletion from culture medium mimick-
ing estrogen ablative therapy with 5-FU, Dox, and Ptx were
investigated.
Results Concurrent treatment with 4-OH-TAM and Ptx
yielded less than additive antitumor eVects in ER-positive
breast cancer cells, as observed with Dox in our previous
study. More interestingly, estrogen depletion with 5-FU,
but with neither Dox nor Ptx, yielded additive antitumor
eVects on these cells. We also performed preliminary
experiments to elucidate the mechanisms of action respon-
sible for the combined antitumor eVects observed. Ptx up-
regulated the level of expression of one of the molecules
related to TAM resistance, Eph-A2, as observed with Dox
in our previous study. Estrogen depletion down-regulated

the level of expression of one of the molecules related to
5-FU resistance, thymidylate synthase, as observed with
4-OH-TAM in our previous study.
Conclusions These Wndings, together with those of our
previous study, suggest that concurrent treatment with
endocrine therapy, administration of TAM, or estrogen
ablative therapy and 5-FU but neither Dox nor Ptx may
yield additive antitumor eVects on endocrine-responsive
breast cancer.
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Abbreviations
IC50 50% Inhibitory concentration
CI Combination index
DCC-FBS Dextran-coated charcoal-stripped fetal bovine

serum
Dox Doxorubicin
E2 17�-Estradiol
ER Estrogen receptor
FU 5-Fluorouracil
GAPDH Glyceraldehyde-3-phosphate dehydrogenase
Ptx Paclitaxel
RT-PCR Reverse transcription-polymerase chain 

reaction
TAM Tamoxifen
TS Thymidylate synthase

Introduction

Postoperative adjuvant concurrent chemo-endocrine ther-
apy with tamoxifen (TAM) and uracil plus tegafur, a 5-Xuo-
rouracil (5-FU) derivative, has been reported to improve
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overall survival (OS) compared with UFT alone, and to
improve disease-free survival (DFS) compared with TAM
or UFT alone in patients with endocrine-responsive breast
cancer [1]. In contrast, concurrent administration of TAM
with combined chemotherapy (cyclophosphamide, metho-
trexate, and 5-FU) failed to yield additional beneWt in terms
of DFS or OS in patients with endocrine-responsive breast
cancer [2]. Additionally, concurrent chemo-endocrine ther-
apy with TAM and anthracycline-based combined chemo-
therapies have been reported to be inferior to chemotherapy
followed by TAM [3, 4]. A large clinical trial, INT-0100,
showed a marginally signiWcant advantage of sequential
cyclophosphamide-doxirubicin-5-FU chemotherapy plus
TAM over the concurrent therapy [3]. The GEICAM 9401
study comparing epirubicin-cyclophosphamide adjuvant
chemotherapy plus TAM administered concurrently versus
sequentially showed non-signiWcant superiority of the
sequential arm to the concurrent arm [4].

Although several basic studies on the interaction
between TAM and chemotherapeutic agents have been
performed, their conclusions have been inconsistent [5–10].
In our previous study, concurrent administration of
4-OH-TAM additively enhanced the growth-inhibitory
activity of 5-FU in ER (estrogen receptor)-positive
breast cancer cells in vitro, probably due to down-regu-
lation of thymidylate synthase (TS) activity by 4-OH-
TAM. However, in contrast to 5-FU, 4-OH-TAM failed
to enhance the growth-inhibitory eVect of Dox on these
cells [11]. To further clarify the eVects of combined
administration of endocrine therapy and chemotherapeu-
tic agents, concurrent treatment of  4-OH-TAM with a
standard chemotherapeutic agent for breast cancer,
paclitaxel (Ptx), was investigated in ER-positive breast
cancer cells in this study. In addition, combined eVects
of estrogen depletion from culture medium (mimicking
estrogen ablative agents such as aromatase inhibitors or
luteinizing hormone-releasing hormone) with 5-FU,
Dox, and Ptx were also investigated.

Materials and methods

Reagents

17�-estradiol (E2), 4-OH-TAM, RPMI-1640 medium, and
phenol red-free RPMI-1640 medium were purchased from
Sigma-Aldrich Inc. Chemical Co. (St. Louis, MO, USA).
5-FU, Ptx, ethanol, and dimethylsulfoxide (DMSO) were
purchased from Wako Pure Chemical Industries, Ltd.
(Osaka, Japan). Dox was purchased from Kyowa Hakko
Co., Ltd. (Tokyo, Japan). E2 was dissolved in ethanol, and
4-OH-TAM and Ptx in DMSO. Dox was dissolved in ster-
ile saline. Dextran-coated charcoal-stripped fetal bovine

serum (DCC-FBS) was purchased from Tissue Culture Bio-
logical, Inc. (Tulanta, CA, USA).

The RNeasy mini kit and Quantitect probe were pur-
chased from Qiagen Inc. (Valencia, CA, USA). High-
capacity cDNA reverse transcriptional kits and TaqMan
probe and primer were purchased from Applied Biosystems
(Foster, CA, USA). Anti-human TS rabbit polyclonal anti-
body was prepared by our laboratory [12], and anti-human
�-actin mouse antibody, horseradish peroxidase (HRP)-
conjugated anti-rabbit goat antibody, and HRP-conjugated
anti-mouse goat antibody were purchased from Sigma-Ald-
rich. A substrate of HRP, luminal, was purchased from
Thermo Fisher Science (Rockford, IL, USA).

Cell lines

The KPL-1 human breast cancer cell line was established in
our laboratory [13]; this line is ER-�-positive and estrogen-
responsive [14]. ML-20 and MDA-MB-231 human breast
cancer cell lines were kindly provided by the late Dr. Rob-
ert B. Dickson (Lombardi Cancer Research Center,
Georgetown University Medical Center, Washington DC,
USA). The ML-20 cell line is a subclone of the MCF-7 cell
line, and is ER-�-positive and estrogen-dependent [15].
MDA-MB-231 cells are ER-�-negative and estrogen-unre-
sponsive. All cell lines were routinely cultured in RPMI-
1640 medium supplemented with 5% FBS.

Cell growth assay

To reduce endogenous estrogen-like activity, cells were
pre-cultured with phenol red-free RPMI-1640 medium sup-
plemented with 5% DCC-FBS (estrogen-depleted medium)
for a week. Approximately 3,000 cells/well were seeded
into 96-well plates on day 0. To test the eVects of 4-OH-
TAM on the growth-inhibitory activity of Ptx, various con-
centrations of Ptx were added to medium with or without
the indicated concentrations of 4-OH-TAM supplemented
with 0.1 nM E2 on day 1. The medium was changed to Ptx-
free medium on day 2. Six wells were treated with each
concentration of Ptx. Growth ratio was determined on day 6
using spectroscopic measurements according to the follow-
ing formula [16]: growth ratio = (OD540 of Ptx-treated
well)/(OD540 of Ptx-free well) £ 100 (%) or (OD540 of well
treated with Ptx and 4-OH-TAM)/(OD540 of well treated
with 4-OH-TAM alone) £ 100 (%). To test the eVects of
E2 depletion on the growth-inhibitory activities of chemo-
therapeutic agents, various concentrations of 5-FU, Dox, or
Ptx were added to estrogen-depleted medium or medium
supplemented with 0.1 nM E2 on day 1. Medium contain-
ing Dox or Ptx was changed to drug-free medium on day 2.
In the case of 5-FU, cells were continuously to this agent
until day 6. The number of viable cells and growth ratio
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were measured using the simpliWed crystal violet method
on day 6 as noted above. Reproducibility of results was
determined by performing three separate experiments.

To evaluate antitumor eVects of combined treatments, a
combination index (CI) based on 50% inhibitory concentra-
tion (IC50) values was calculated according to the following
formula [11]: CI = IC50 with combined treatment/IC50 with
single treatment. CI < 0.5 was considered evidence of addi-
tive interaction.

Determination of levels of TS protein expression 
by western blotting

KPL-1 cells were cultured in a 75 cm2 Xask in the absence
of E2, and medium was changed to fresh medium supple-
mented with 0.1 or 1 nM E2 or E2-free medium for 48 h.
Cell pellets were collected by a scraper, and the cytosol
was extracted by centrifugation (105,000£g for 1 h).
Total protein concentration was spectroscopically mea-
sured with the Bradford assay using bovine serum albu-
min as standard. The cytosol was subjected to western
blotting (50 �g protein/lane). Relative levels of expres-
sion of TS protein were measured using �-actin as an
endogenous control with the LAS 3000 (Fuji Film Co.,
Ltd., Tokyo, Japan).

Real-time reverse transcription (RT)-polymerase chain 
reaction (PCR) for Eph-A2

To test the eVects of Ptx on level of mRNA expression of
Eph-A2, which has been reported to be related to TAM
resistance [17], KPL-1 cells were treated with 1, 3, or
5 nM Ptx for 24 h in the presence of 0.1 nM E2. Total
RNA was extracted using the RNeasy Mini Kit following
the manufacturer’s instructions. First-strand cDNA was
synthesized from 2 �g of total RNA using the High-
Capacity cDNA Archive Kit as described by the manu-
facturer. PCR reactions were carried out by TaqMan
Real-time RT-PCR. Gene expression was measured using
the QuantiTect Probe PCR Kit and ABI PRISM 7900HT
Sequence Detection System (Applied Biosystems)
according to the manufacturer’s instructions. TaqMan
gene expression assay primer probe sets for each gene
were used.

BrieXy, 50 ng cDNA was added to a reaction mixture
containing 25 �L of 2 £ QuantiTect Probe PCR Master
Mix and 2.5 �L of 20 £ TaqMan gene expression assay
mix in a Wnal volume of 50 �L. The conditions for real-time
RT-PCR were 1 cycle at 50°C for 2 min; 1 cycle at 95°C
for 15 min; and 40 cycles at 94°C for 15 s and 56°C for
30 s. Gene expression proWling was performed using the
comparative CT method for relative quantiWcation. The cal-
ibration samples were untreated cells, and GAPDH was

used as an endogenous control. The Gene Assay IDs of the
TaqMan gene expression assay supplied by Applied Bio-
systems were Hs00171656_m1 for Eph-A2 and
Hs99999905_m1 for GAPDH.

Statistical analysis

All values are the mean § SD. For statistical analysis,
EXAS ver. 7.11 software (Arm Systex Co., Ltd. Osaka,
Japan) was used to examine diVerences between two
groups. Two-sided P values less than 0.05 were considered
signiWcant.

Results

Growth-inhibitory activities of 5-FU, Dox, 
and Ptx in estrogen-depleted condition

Estrogen depletion from culture medium supplemented
with 0.1 nM E2 reduced the growth of estrogen-responsive
KPL-1 and ML-20 cells by 11.3 § 6.8 and 21.3 § 6.9%,
respectively. Concurrent 5-FU treatment and E2 depletion
yielded additive growth-inhibitory eVects (CIs of 0.35 and
0.37 for ER-positive ML-20 and KPL-1 cells, respectively),
though additive eVects were observed with neither with
Dox and E2 depletion nor with Ptx and E2 depletion (CIs of
0.74 and 0.97 for ML-20 cells, and CIs of 0.76 and 0.84 for
KPL-1 cells, respectively), as shown in Table 1 and Figs. 1
and 2.

Down-regulation of level of TS expression 
in estrogen-depleted condition

Because 4-OH-TAM reduced the level of expression of TS
in our previous study [11], level of TS expression was
determined in E2-depleted condition. As expected, TS
protein level was decreased by E2 depletion in estrogen-
responsive KPL-1 cells (Fig. 3).

Table 1 Interaction between chemotherapeutic agents and E2 deple-
tion in ER-positive breast cancer cells

Cell
line

Agent 50% IC
with E2 

E2-depleted Combination 
index

ML-20 Dox 62.1 nM 45.9 nM 0.74

5-FU 2.01 �M 0.70 �M 0.35

Ptx 3.2 nM 3.1 nM 0.97

KPL-1 Dox 82.2 nM 62.6 nM 0.76

5-FU 2.06 �M 0.76 �M 0.37

Ptx 3.1 nM 2.6 nM 0.84
123



222 Cancer Chemother Pharmacol (2010) 65:219–225
Growth-inhibitory activity of concurrent treatment 
with 4-OH-TAM and Ptx

Concurrent treatment with 5-FU and 4-OH-TAM yielded
additive antitumor eVects in estrogen-responsive KPL-1
and ML-20 cells in our previous study [11]. In contrast, in
the present study concurrent treatment with 4-OH-TAM

and Ptx yielded less than additive antitumor eVects in each
of these ER-positive cell lines (Fig. 4a, b). No additive anti-
tumor eVects of 4-OH-TAM and Ptx were observed on ER-
negative MDA-MB-231 cells (Fig. 4c).

Levels of mRNA expression of Eph-A2 after treatment 
with Ptx

Since the level of expression of one of the genes related to
TAM-resistance, Eph-A2, was increased by Dox in our pre-
vious study [11], changes in levels of Eph-A2 mRNA
expression were examined after treatment with Ptx in the
present study. Levels of expression of Eph-A2 were
increased 1.5- to 2.2-fold after exposure to 1–5 nM Ptx for
24 hours in ER-positive KPL-1 cells (Fig. 5).

Discussion

Chemotherapeutic and endocrine agents are widely used for
the treatment of breast cancer patients. However, the

Fig. 1 Growth-inhibitory activities of 5-FU (a), Dox (b), and Ptx (c)
in estrogen-responsive KPL-1 breast cancer cells. KPL-1 cells were
treated with these agents in E2-depleted (open circle) or E2 (0.1 nM)-

supplemented conditions (closed circle) as described in “Materials and
Methods”. Values and bars represent means and SDs, respectively
(n = 6)
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Fig. 2 Growth-inhibitory activities of 5-FU (a), Dox (b), 4-OH-TAM
(c), and Ptx (d) in estrogen-responsive ML-20 cells. ML-20 cells were
treated with these agents in E2-depleted (open circle) or E2 (0.1 nM)-

supplemented conditions (closed circle) as described in “Materials and
Methods”. Values and bars represent means and SDs, respectively
(n = 6)
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optimal combinations of chemotherapy and endocrine ther-
apy remain to be determined [18]. Although there have
been a number of preclinical studies on the eYcacy of
chemo-endocrine therapy, their conclusions have been
inconsistent, with Wndings of synergistic [6, 10] or antago-
nistic antitumor eVects [5, 7–9] in the case of concurrent
treatment with chemotherapeutic and endocrine agents.

To investigate the interaction of chemotherapeutic
agents (5-FU, Dox, and Ptx) with endocrine therapies
including TAM or estrogen-ablative therapies, we deter-
mined the growth-inhibitory activities of concurrent treat-
ment with them in estrogen-responsive breast cancer cells
in the present study. Since it is diYcult to test estrogen-
ablative eVects of LH-RH agonists or aromatase inhibitors
in vitro, we instead used estrogen-depleted culture condi-
tions, which mimic the tumor microenvironments obtained
with LH-RH agonists in premenopausal patients or with
aromatase inhibitors in postmenopausal patients. As shown
in Table 1 and Figs. 1 and 2, 5-FU exhibited additive
growth-inhibitory eVects with estrogen depletion while

neither Dox nor Ptx exhibited additive eVects with estrogen
depletion in estrogen-responsive breast cancer cells.

Our previous study suggested that 4-OH-TAM signiW-
cantly decreased TS activity, and might thus enhance the
antitumor activity of 5-FU in ER-positive breast cancer
cells. TS is one of the key enzymes responsible for the anti-
tumor activity of 5-FU. In addition, the antitumor activity of
5-FU has been reported to be inversely correlated with the
level of TS expression in human tumors [19]. To clarify
whether estrogen depletion also down-regulates TS expres-
sion in estrogen-responsive breast cancer cells, protein
expression of TS was investigated in the present study. As
shown in Fig. 3, the level of expression of TS protein was
signiWcantly decreased by estrogen depletion in ER-positive
KPL-1 cells. Coincidentally, it has been reported that the
level of TS mRNA expression was increased by E2 at the
transcriptional level in ER-positive breast cancer cells [20].

In an attempt to elucidate the interaction of TAM with
chemotherapeutic agents in terms of antitumor activity, we
previously found that 4-OH-TAM additively enhanced the
antitumor activity of 5-FU but not that of Dox in estrogen-
responsive breast cancer cells [11]. In the past decade, tax-
anes such as Ptx have been frequently used for breast cancer
patients in the setting of adjuvant treatment and for patients
with metastatic disease. In the present study, we therefore
examined the interaction of 4-OH-TAM with Ptx. Interest-
ingly, as shown in Fig. 5, 4-OH-TAM failed to enhance the
growth-inhibitory activity of Ptx, as observed for Dox in
ER-positive breast cancer cells. These Wndings, together
with those of our previous study, suggest that the two major
chemotherapeutic agents Dox and Ptx may yield less than
additive eVects when used concurrently with TAM in the
treatment of patients with ER-positive breast cancer.

To determine the mechanisms of action responsible for
the negative interaction between 4-OH-TAM and Dox, the
proWles of mRNA expression of selected genes related to
ER signaling, TAM resistance, and Dox sensitivity were
examined in our previous study. It was found that one of
the molecules responsible for TAM resistance, the tyrosine

Fig. 5 mRNA expression of Eph-A2 as determined by quantitative
RT-PCR. KPL-1 cells were treated with the indicated concentrations of
Ptx in the presence of 0.1 nM E2 for 24 h. Values and bars represent
means and SDs, respectively. Relative expression ratios were calcu-
lated using GAPDH as an endogenous control (n = 4)
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kinase receptor Eph-A2 [17], was signiWcantly up-regulated
by Dox at either the mRNA or protein level in ER-positive
breast cancer cells. To clarify whether Ptx also increases
the level of expression of Eph-A2 in ER-positive breast
cancer cells, the level of mRNA expression of Eph-A2 was
examined in the present study. As expected, the level of
expression of Eph-A2 was signiWcantly increased by Ptx in
ER-positive KPL-1 breast cancer cells (Fig. 5). These Wnd-
ings, together with those of our previous study, suggest that
the up-regulation of Eph-A2 level induced by Dox or Ptx
might be, at least in part, responsible for the reduction of
antitumor activity of TAM in ER-positive breast cancer.

The present study has some limitations. First, it is
unclear whether estrogen depletion from culture medium in
vitro yields conditions representative of those of the breast
tumor microenvironment upon treatment with LH-RH ago-
nists in premenopausal patients or aromatase inhibitors in
postmenopausal patients. It has been pointed out that the
results of estrogen ablative therapy in vivo are poorly
reproducible in vitro. Second, we tested changes in the
levels of expression of TS and Eph-A2 after treatment with
4-OH-TAM and Ptx, respectively, in the present study,
based on Wndings of our previous study. A number of mole-
cules are related to sensitivity and resistance to TAM, Dox,
or Ptx. A large-scale cDNA microarray analysis may pro-
vide more comprehensive Wndings on the mechanisms of
action responsible for the interaction between chemothera-
peutic and endocrine agents. Furthermore, clinical and cor-
relative studies using neoadjuvant chemo-endocrine
therapy may be more straightforward means of testing the
suitable combination regimens.

In conclusion, the Wndings of this as well as our previous
study suggest that concurrent treatment with TAM or estro-
gen ablative therapy and 5-FU may yield additive antitumor
eVects on ER-positive breast cancer. In contrast, concurrent
treatments with TAM or estrogen ablative therapy and Dox
or Ptx may yield less than additive eVects on ER-positive
breast cancer. In addition, down-regulation of TS expres-
sion by 4-OH-TAM may enhance the antitumor activity of
5-FU while up-regulation of Eph-A2 expression may
inhibit the antitumor activity of 4-OH-TAM in ER-positive
breast cancer cells.
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