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Antagonism between tamoxifen and doxorubicin in the MCF-7 human breast
tumor cell line
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Abstract—Tamoxifen, an antiestrogen, and doxorubicin, an anthracycline antibiotic, are each utilized
alone and in combination in the treatment of breast carcinoma. In view of conflicting reports relating
to the interaction between these drugs, studies were undertaken to characterize the influence of
tamoxifen on growth inhibition by doxorubicin in the MCF-7 breast tumor cell line in vitro. Studies
combining 5uM tamoxifen, a clinically relevant concentration, with various concentrations of
doxorubicin, indicated that this drug combination produces antiproliferative effects that appear to be
less than additive. Concentration-dependent growth inhibition was analyzed further using various
concentrations of tamoxifen and doxorubicin by the combination index-isobologram method; this
quantitative approach provided clear evidence of antagonism between these agents, a finding with
potential relevance to the treatment of breast cancer.
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Tamoxifen is the drug of choice in the treatment of
estrogen-receptor positive breast cancer [1,2], while
doxorubicin may be utilized after relapse in patients treated
with tamoxifen or in estrogen-receptor negative tumors
[3]. Although these drugs have been utilized in combination,
the advantage of this combination, in terms of therapeutic
efficacy, remains controversial [4].

In vitro studies using doxorubicin-sensitive, estrogen-
receptor positive breast tumor cell lines have been reported
to show: (i) a slightly additive interaction between
tamoxifen and doxorubicin [S]; (ii) a lack of interaction
[6]; or (iii) protection by tamoxifen from doxorubicin
toxicity [7]. Consequently, it appeared to be of importance
to further evaluate this interaction, which could be of
clinical relevance in the treatment of breast carcinoma.

Materials and Methods

Doxorubicin was purchased from the Sigma Chemical
Co., St. Louis, MO, maintained as a frozen stock solution
in distilled water, and protected from light [8]. Tamoxifen
citrate (Sigma) was dissolved as a stock solution in 95%
ethanol. The final concentration of ethanol for experimental
conditions using 5 yM tamoxifen was 0.05%. MTT*, used
in the cellular proliferation assay, was obtained from the
Sigma Chemical Co.

MCF-7 human breast cancer cells were provided by Dr.
Kenneth H. Cowan of the National Cancer Institute,
National Institutes of Health, Bethesda, MD. Cells were
maintained in high glucose Dulbecco’s minimal essential
medium (Hazelton Biologics, Lenexa, KS) supplemented
with 5% fetal bovine serum (Life Technologies, Grand
Island, NY) and 5% defined bovine serum (Hyclone
Laboratories, Logan, UT). The medium also contained
glutamine (29.2 mg/100 mL) and penicillin/streptomycin
(0.5 mg/100 mL).

While some laboratories utilize charcoal-stripped medium
to eliminate the estrogenic effects of the pH indicator,
phenol red [9, 10], previous studies have demonstrated that
the responsiveness of MCF-7 breast tumor cells to tamoxifen
is reduced in charcoal-stripped medium [11]. Consequently,
the studies in this manuscript utilize “regular” medium in

* Abbreviations: ICsy drug concentration inhibiting 50%
of cellular growth; and MTT, 3-[4,5-dimethylthiazol-2-yl}-
2,5-diphenyltetrazolium bromide.

order to simulate a physiological milieu, where breast
tumor cells are exposed to estradiol.

Cellular proliferation studies. The effects of tamoxifen
and doxorubicin on cellular proliferation were monitored
using a modification of the MTT tetrazolium dye assay [12-
14], as described previously {15]. All growth studies were
performed utilizing a continuous (72 hr) exposure to drug.
The IC5, values generated using this type of analysis are
comparable with those using cytotoxicity (clonogenic)
assays [13, 14].

Intracellular accumulation of doxorubicin. Cellular
doxorubicin levels were assessed using high performance
liquid chromatography, as previously described [16, 17].
This methodological approach also serves to monitor drug
metabolism [16, 18].

Ribonuclease protection assay. Expression of mRNA for
the estrogen receptor was determined by the RNase
protection assay [19] where 0.001 mg of pGEM-4Z-HEO
plasmid DNA linearized with EcoRI was utilized in
standard in vitro transcription reactions with [a-**P]GTP,
RNasin, and T7 RNA polymerase, respectively. RNase
digestion of the non-hybridized sequences followed, and
protected RNA was recovered by phenol/choroform
extraction and ethanol precipitation.

Analysis of data. Analysis of statistical data was per-
formed using the unpaired Student’s +-test. Effects resulting
inP values of 0.05 or below were considered to be statistically
significant. For growth analysis and intracellular doxorubicin
accumulation, values are expressed as means + SEM, or
means * range for experiments with two replicates. The 15,
values were calculated by graphic extrapolation.

Computer software [20, 21] based on the median-effect
principle and the combination index-isobologram equations
[22, 23] was used for analysis of the interaction(s) between
tamoxifen and doxorubicin at a 50: 1 ratio.

Results and Discussion

Competitive radioligand binding studies [24] have estab-
lished the presence of the estrogen receptor in MCF-7
breast tumor cells. Prior to evaluating the interaction of
tamoxifen with doxorubicin in MCF-7 cells, expression of
message for the estrogen receptor was confirmed by RNase
protection (not shown).

MCF-7 breast tumor cells were exposed to 5 uM tamox-
ifen for 24 hr prior to doxorubicin as well as during the
subsequent 48-hr incubation with doxorubicin. Exposure
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Fig. 1. Interaction between the antiproliferative activities
of tamoxifen and doxorubicin in MCF-7 breast tumor cells.
Cells in logarithmic growth were pretreated with 5uM
tamoxifen or 0.05% ethanol for 24 hr. At this time, cells
were treated with various concentrations of doxorubicin
(0.01 to 5.0 uM) with or without a simultaneous incubation
with 5 uM tamoxifen or 0.05% ethanol, respectively. The
number of viable cells was determined after 72 hr utilizing
the MTT tetrazolium dye assay as described in Materials
and Methods. The data presented are mean values for
percent inhibition of growth = SEM (as compared with
untreated control) or as mean + range (when only two
replicate experiments were performed) for 2-15 individual
experiments. Key: (*) significantly different from doxoru-
bicin alone at P < 0.01, as determined by Student’s r-test;
(**) different from doxorubicin alone at P =< 0.001, as
determined by Student’s -test; (O) doxorubicin alone; (A)
doxorubicin + ethanol; and (M) doxorubicin + tamoxifen.

of MCF-7 cells to S uM tamoxifen alone for 72 hr resulted
in a 45.6 + 6.3% inhibition of growth (Fig. 1 at 0 con-
centration of doxorubicin). Figure 1 further suggests that
the combination of tamoxifen and doxorubicin produced
less than additive effects on MCF-7 cell growth. At doxoru-
bicin concentrations of 0.05 and 0.1 uM, growth inhibition
never significantly exceeded that produced by tamoxifen
alone, despite the fact that doxorubicin at these con-
centrations  inhibited growth by 49.1x5.5 and
55.6 £ 5.8%, respectively. At concentrations of 0.05 uM
doxorubicin and above, growth inhibition by the com-
bination of tamoxifen and doxorubicin was essentially
identical to that produced by doxorubicin alone. (Ethanol,
the vehicle in which the tamoxifen was dissolved, at a final
concentration of 0.05%, demonstrated minimal effects on
the growth of MCF-7 cells, although a small but significant
increase in growth inhibition was observed at 0.01 uM
doxorubicin.)

Drug accumulation studies failed to show significant dif-
ferences in intracellular doxorubicin levels in cells exposed
to doxorubicin alone or in the presence of tamoxifen (Table
1). High pressure liquid chromatographic analysis of drug
extracted from MCF-7 cells after 2 hr of incubation indi-
cated the absence of any doxorubicin metabolites (data not
shown).

To perform a more quantitative evaluation of the inter-
action between tamoxifen and doxorubicin, MCF-7 cells
were exposed to various concentrations of tamoxifen alone,
doxorubicin alone, or to tamoxifen + doxorubicinina 50: 1
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Table 1. Lack of effect of 5uM tamoxifen on the
intracellular accumulation of doxorubicin in MCF-7 breast
tumor cells

Intracellular doxorubicin
concentration (pmol/10° cells)

Doxorubicin Doxorubicin Doxorubicin
[uM] alone and tamoxifen

5 1222 = 167 (4) 1194 + 154 (4)

10 2098 + 751 (4) 2807 + 721 (3)

Cells in logarithmic growth were grown in medium alone
or in the presence of 5 uM tamoxifen for 24 hr. At this
time, cells were incubated for 2 hr with doxorubicin at
concentrations of 5 and 10uM with or without a
simultaneous incubation with 5 uM tamoxifen. Following
drug treatments, cells were harvested and intracellular
doxorubicin concentrations were determined as described
under Materials and Methods. Results were normalized
for cellular protein content. The data presented are means
+ SEM for the number of replicate experiments indicated
in parentheses. No significant differences in doxorubicin
accumulation were noted between cells exposed to
doxorubicin alone or those exposed to the combination of
doxorubicin and tamoxifen.
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Fig. 2. Fractional inhibition of growth—combination index
plot for the combination of tamoxifen + doxorubicin at a
50:1 ratio. Symbols indicate the actual combination data
points obtained when MCF-7 human breast tumor cells
were exposed to tamoxifen (for 24 hr) followed by doxo-
rubicin for an additional 48 hr. The total incubation period
was 72 hr. The interrupted line is derived from a computer
simulation of this drug combination assuming that the
actions of the two drugs are mutually non-exclusive. A
more extensive discussion of this approach to analysis of
drug interaction is found in Ref. 25.

ratio, and growth inhibition was analyzed using the dose—
effect analysis program developed by Chou and Talalay
[22, 23]. Figure 2 presents a computer extrapolation of the
combination index-dose—effect relationship (based on data
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derived from a representative experiment), which indicates
that the combination of tamoxifen + doxorubicin was
antagonistic over virtually the entire range of growth inhi-
bition (up to approximately 95% growth inhibition). This
conclusion is based on the fact that the combination index
is greater than one over the entire range [20,21]. Also
shown are calculated combination index values for the five
experimental conditions where tamoxifen + doxorubicin
were combined at a ratio of 50: 1 (from which the extrapo-
lated curve was derived).

The basis for antagonism at the lower range of con-
centrations of doxorubicin may be related to the capacity of
tamoxifen to decrease growth of estrogen-receptor positive
MCEF-7 cells, and to stabilize these cells in the GG, phase
of the cell cycle [26, 27], resulting in decreased sensitivity
to cytotoxic drugs [28]. In this context, DNA synthesis
inhibition has been shown to protect against cytotoxicity
mediated by topoisomerase II inhibitors such as doxoru-
bicin [29]. Antagonism at elevated concentrations of
doxorubicin may be related to the findings of Clarke et al.
[30], indicating a reduction in estrogen binding capacity in
MCF-7 cells following a 24-hr exposure to0 0.018 to 1.8 uM
doxorubicin, presumably due to a decrease in the rate of
estrogen-receptor cycling or its synthesis. In this case, the
presence of doxorubicin would serve to abrogate any anti-
proliferative effects of the antiestrogen tamoxifen. Conse-
quently, both cell cycle arrest and alterations in estrogen-
receptor content may contribute to antagonism between
doxorubicin and tamoxifen over a relatively wide range of
doxorubicin concentrations.

Although tamoxifen has been shown to increase the
effectiveness of doxorubicin against multidrug-resistant
breast tumor cells in vitro [6], the fact that the combination
of tamoxifen and doxorubicin in MCF-7 cells is antagonistic
may contribute to the observation that the utilization of
conventional doses of these agents in combination has not
demonstrated markedly greater clinical utility than either
drug administered alone [4]. However, it should be noted
that a number of different drugs are used in these com-
bination regimens, and that other factors such as the extent
of hormone dependency, innate drug resistance, and the
clinical pharmacokinetics of the administered drugs may
also influence the ultimate response to antitumor drugs in
combination regimens.
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