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Abstract
Background: Tamoxifen is widely prescribed for the treatment of breast cancer. Its success has
been attributed to the modulation of the estrogen receptor. I have previously proposed that the
release of arachidonic acid from cells may also mediate cancer prevention.
Methods: Rat liver cells were radiolabelled with arachidonic acid. The release of [3H] arachidonic
acid after various times of incubation of the cells with tamoxifen was measured.
Results: Tamoxifen, at micromolar concentrations, stimulates arachidonic acid release. The
stimulation is rapid and is not affected by pre-incubation of the cells with actinomycin or the
estrogen antagonist ICI-182,780.
Conclusions: The stimulation of AA release by tamoxifen is not mediated by estrogen receptor
occupancy and is non-genomic.

Background
Clinically, breast cancer chemoprevention by tamoxifen
has been attributed to its antiestrogenic properties [1–3].
Tamoxifen also has been shown to prevent cancer in animal studies by a mechanism of action that is based, in
part, on its antiestrogenic activity [1,4]. However, at µM
levels, tamoxifen releases arachidonic acid (AA) from rat
liver cells [5]. This ability to release AA, a molecule whose
multiple bioactivities [6] include induction of apoptosis
[7], suggests a mechanism for cancer prevention that does
not require metabolism by cyclooxygenase [8]. I suggest
that AA release from cells may be a part of a mechanism
by which tamoxifen prevents cancer.
Tamoxifen has several biological effects, some of which
may be beneficial. It also has unfavorable effects, especially its estrogenic activity on the uterus [1,2]. One of the
many activities associated with perturbation of the plasma

membrane and/or release of AA may mediate some of
these biological effects.

Materials and Methods
The C-9 rat liver cell line was purchased from the American Type Culture Collection (Manassas, VA, USA). The
cells were maintained in Eagle's minimum essential
medium (MEM) supplemented with 10% fetal bovine
serum. [3H] AA (91.8 Ci/mmol) was obtained from NEN
Life Science Products, Inc. (Boston, MA, USA). ICI182,780 was purchased from Tocris Cookson, Inc. (Ballwin, MO, USA). All other reagents were from Sigma
Chemical Co. (St. Louis, MO, USA).
Two days prior to experiments, the rat liver cells were
treated with 0.25% trypsin-EDTA and, after addition of
minimal essential media (MEM) containing 10% fetal calf
serum, the floating cells were seeded onto 35 mm culture
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dishes. The plating densities varied from 0.1 to 0.5 × 105
cells/35 mm dish. The freshly seeded cultures were incubated for 24-h to allow for cell attachment. After decantation of MEM containing the fetal bovine serum, 1.0 ml
fresh MEM containing 10% fetal bovine serum and [3H]
AA (0.2 µCi/ml) were added and the cells incubated for
another 24-h. The cells were washed 4 times with MEM
and incubated for various periods of time with 1.0 ml of
MEM containing 1.0 mg BSA/ml and different concentrations of each compound. The culture fluids were then
decanted, centrifuged at 2000 × g for 10 min, and 200 µl
of the supernate counted for radioactivity. Radioactivity
recovered in the washes before the 6-h incubation was
compared to input radioactivity to calculate the % radioactivity incorporated into the cells [9]. For PGI2 production, 1.0 ml of MEM supplemented with 10% fetal bovine
serum, void of [3H]AA, was added after the first 24-h incubation. The cells were incubated for another 24-h, washed
three times with MEM, then incubated with lactacystin
plus TPA and the compounds in MEM/BSA for various
periods of time. The culture fluids were decanted and analyzed for 6-keto-PGF1α,the stable hydrolytic product of
PGI2, by radioimmunoassay [10].
The [3H] AA release is presented as a percentage of the
radioactivity incorporated by the cells. Except for the timecourse experiments which used duplicate dishes. (Fig. 2),
three to six culture dishes were used for each experimental
point. The data are expressed as mean values ± SEM
(number of dishes). The data were evaluated statistically
by the unpaired Student's t-test. A P value < 0.05 was considered significant.

Results
The release of AA from rat liver cells after a 6-h incubation
with tamoxifen is dependent on the concentration of the
drug (Fig. 1). Even at 8 µM, the stimulation of AA release
is significant statistically. Tamoxifen (8 µM) also stimulates significantly AA release from rat glial cells (data not
shown). After 30 min. incubation with 12 µM tamoxifen,
AA release from rat liver cells is stimulated (Fig. 2). Even
after a 5 min incubation, the AA release by 16 µM
tamoxifen is stimulated significantly, 1.4 ± 0.06 (7) vs 1.6
± 0.06 (7) % released in MEM/BSA and in the MEM/BSA
containing the 16 µM tamoxifen respectively (P < 0.02).
Tamoxifen (16 µM) also stimulates prostacyclin production. After a 6-h incubation, the stimulation of 6-ketoPGF1∝ production by 16 µM tamoxifen was 3.1 ± 0.18 fold
when tested with cells ranging from the 19th to the 50th
passage. The AA release by 8 µM tamoxifen after a 6-h
incubation is not affected by pre-incubation of the cells
for 2-h with 1 µM actinomycin (Fig. 3). Under these conditions, AA release and prostaglandin production induced
by treatment of cells with lactacystin plus 12-0-tetradecanoyl-13-acetate or 15-deoxy-∆12,14-PGJ2 are inhibited
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Figure
The
dependence
1
of AA release on tamoxifen concentration
The dependence of AA release on tamoxifen concentration.
The cells were incubated for 6-h. The analyses were performed with triplicate dishes. Each bar gives the mean value
and the brackets give the SEM. * = statistically different vs
control. These data are representative of several independent experiments with the same results.

[11]. Pre-incubation of the cells with the estrogen antagonist ICI-182,780 (50 µM) [12]for 2-h does not significantly affect the stimulation of AA release by 16 µM
tamoxifen (Fig. 4). ICI-182,780 (50 µM), however, did
affect AA release stimulated by 17β-estradiol, 22(R)cholesterol, indomethacin, all-trans-retinoic acid and the
tyrosine analog of thiazolidinedione, GW7845 [11].

Discussion
Tamoxifen, in addition to its actions mediated by the
estrogen receptor (ER), inhibits protein kinase C [13] and
induces apoptosis in normal human mammary epithelial
cells [14]. Submicromolar concentrations of tamoxifen or
4-hydroxytamoxifen induce apoptosis in ER-positive
HeLa cells. However, both of these compounds, as well as
estrogen, at concentrations of 10–20 µM, induce apoptosis in ER-negative HeLa cells [15]. The induction of apoptosis probably contributes to the effectiveness of
tamoxifen in cancer prevention. AA, also induces apoptosis [8]. It has been suggested that cancer prevention by
nonsteroidal antiinflammatory drugs (NSAIDs) is mediated by release of AA [8]. Several agents that prevent
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Figure
Time course
2
of release of AA during incubation with 12 µM tamoxifen (*) and MEM/BSA control (䉭)
Time course of release of AA during incubation with 12 µM tamoxifen (*) and MEM/BSA control (䉭). Analyses were performed on duplicate or triplicate dishes. The average value is recorded.

cancer, including retinoids, NSAIDs, vitamin D3 and some
anti-oxidants, release AA from rat liver cells [5].
The AA release by tamoxifen and other reagents studied in
my laboratory occurs with µM concentrations [5,9,11].
These experiments were carried out in the presence of BSA
(1.0 mg/ml), and therefore do not differentiate between
the protein-bound and free reagent. Thus, they are likely
overestimated values. Nevertheless, the possibility that
general necrotic cell death may cause AA release, must be
considered. Lactacystin, (5.4 µM) phenylmethylsulphonyl flouride, (1 mM) carbobenzoxyleucylleucyleucinal,
(1.0 µM) and carbobenzoxyleucylleucylnorvalinal (0.5
µM) were tested for rat liver cell viability by a tetrazoliumbased assay. They were not toxic at these concentrations
[16]. Proteosome inhibitors are not toxic to several other
cells in culture [16]. No toxicity of tamoxifen, at concentrations of 10 to 20 µM for A549 human lung adenocarcinoma (ER-negative) cells was reported [17]; nor was 10

µM tamoxifen toxic when tested on rat glial cells and
breast cancer MCF-7 cells [18]. Even when cell viability of
three different breast cell lines (ER-positive MCF-7; ERnegative MDA-MB-239 and ER-negative BT-20 cells) was
measured after incubation with 25 µM tamoxifen for 24h, the loss in viability was due to apoptosis [19] and was
not the result of necrotic cell death. Concentrations of
tamoxifen used in this report are comparable to those
found to induce apoptosis, not necrotic cell death. The
median concentration of tamoxifen and its metabolites
for clinical effectiveness in the treatment of breast cancer
varies from 0.8 µM to 2.4 µM, depending on the age of the
woman [20].
The stimulation of AA release by tamoxifen is non-transcriptional as indicated by the lack of inhibition by actinomycin (Fig. 3). The stimulation of AA release by
tamoxifen also is not ER mediated as indicated by the lack
of inhibition by the estrogen antagonist ICI-182,780 (Fig.
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Figure
Effect of3pre-incubation of cells with 1 µM actinomycin on the stimulation of AA release by tamoxifen
Effect of pre-incubation of cells with 1 µM actinomycin on the stimulation of AA release by tamoxifen. The cells were pre-incubated for 2-h in the presence of 1 µM actinomycin. During the 2-h pre-incubation, the % AA released by incubation with the
control MEM/BSA and MEM/BSA containing actinomycin was 4.2 ± 0.21(4) and 4.3 ± 0.11(4) respectively. Each bar gives the
mean value and the brackets give the SEM. (䊐) = MEM/BSA; (■) = MEM/BSA containing 8 µM tamoxifen. The data recorded
are the sum of the AA released during the 2-h pre-incubation plus the average of the subsequent 6-h incubation. They are representative of three separate experiments with similar results.

4). Tamoxifen at micromolar concentration may be intercalating into the lipid bilayer of the plasma membranes
and affecting the fluidity and biochemical properties of
the cell [21]. Another possibility is that tamoxifen is acting
via G protein-coupled receptors [22,23].

Conclusions
Tamoxifen stimulates AA release from rat liver cells by a
non-genomic, ER-independent pathway. In view of induction of apoptosis by AA, its release per se could, in addition
to its effects on the ER, mediate cancer prevention.
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tamoxifen
Figure
Effect of4pre-incubation of cells with 50 µM of estrogen antagonist ICI-182,780 for 2-h on the stimulation of AA release by
Effect of pre-incubation of cells with 50 µM of estrogen antagonist ICI-182,780 for 2-h on the stimulation of AA release by
tamoxifen. The cells were pre-incubated for 2-h with 50 µM ICI-182,780. The data recorded are the sum of the AA released
during the 2-h pre-incubation plus the average of the subsequent 6-h incubation. During the 2-h pre-incubation, 3.1 ± 0.02(4)
and 2.6 ± 0.26(4) % AA was released by the control MEM/BSA and MEM/BSA containing ICI-182,780 respectively. (䊐) = MEM/
BSA; (■) = MEM/BSA containing 16 µM tamoxifen. Each bar gives the mean value and the brackets give the SEM.
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