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ABSTRACT

AIM: Tamoxifen engages mitochondrial estrogen receptor beta as an antagonist, increases mitochondrial
cytotoxicity and induces tumor cell death. Tamoxifen also engages plasma membrane estrogen receptor
alpha as an agonist, while it is suggested that in some users its activation is put into action by mechanism
of resistance to tamoxifen. Apoptotic inducers have been shown to promote tamoxifen-induced cell death,
which might be of great importance in overcoming tamoxifen resistance. Considering the pleiotropic effects
of statins, in the present study, we investigated the effects of atorvastatin on tamoxifen-induced intrinsic

apoptotic pathway activity in melanoma cells.

METHODS: Melanoma B16F10 cells were treated for 24 and 48 h with various concentrations of tamoxifen,
atorvastatin and combination of tamoxifen + atorvastatin. Cells with no treatment were considered a control
group, and the study was then followed by quantitative RT- PCR assay. Bax and cytochrome c gene

expressions were calculated by AAct method.

RESULTS: Co-treatment of atorvastatin + tamoxifen could strongly enhance the expression of pro/apoptotic
factors of Bax and cytochrome ¢ in melanoma cells compared to the tamoxifen and atorvastatin groups.
CONCLUSION: In general, we conclude that the atorvastatin-induced increase in Bax and cytochrome c gene
expression might be a permissive response to tamoxifen-induced cell death (Fig. 2, Ref. 37). Text in PDF

www.elis.sk.
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Introduction

Melanoma is a cancer with high mortality risk. It originates
in pigment-producing cells, i.e. melanocytes. The incidence rates
are still growing globally and are highest among populations in
environments with intense UV radiation (1). The advances in
understanding the basic biology of melanoma in the past decade
have yielded several new treatments. One such capacity involves
the delineation of mitochondria modifications that occur during
melanoma development, and effects of these changes on the re-
sponse to therapy (2). BRAF-driven melanomas that have high
mitochondrial contents exhibit increased oxidative phosphoryla-
tion and are more sensitive to mitochondria-targeted drugs (3).
Tamoxifen, a well-known chemotherapeutic agent, engages mi-
tochondrial estrogen receptor (ER) as an antagonist in human ma-

'Applied Physiology Research Center, Cardiovascular Research Institute,
Department of Physiology, Isfahan University of Medical Sciences, Isfa-
han, Iran, and ?[sfahan Cardiovascular Research Center, Cardiovascular
Research Institute, Isfahan University of Medical Sciences, Isfahan, Iran

Address for correspondence: G. Vaseghi, Dr, Cardiovascular Research
Institute, Isfahan University of Medical Sciences, Isfahan, Iran.
Phone: +98.313.6692836

Acknowledgements: This work was supported by the Isfahan University
of Medical Sciences, Isfahan, Iran.

lignant melanoma cells (4), and increases reactive oxygen species
(ROS) concentrations from the mitochondria that are required for
cytotoxicity. Induction of apoptosis via activation of c-Jun N-ter-
minal kinase, p38 kinase and phosphorylation of c-Jun, expression
of Fas ligand, up-regulation of BCL-2, Bax and caspases were
observed in tamoxifen-treated cells (5, 6). When used with other
apoptosis activators, tamoxifen was found to produce synergic
effects, which might be of great importance in countering its or
other drugs’ resistance. For example, co-treatment with tamoxifen
and TNF-related apoptosis-inducing ligand down-regulates anti-
apoptotic proteins, while simultaneously up-regulating the pro-
apoptotic proteins regardless of their ER status (7). Researchers
believe that the effects of this combination activate targets other
than estrogen receptors on tumor cells that are key mediators of
signaling pathways of cell survival or death and can reverse the
resistance to chemotherapy. As a consequence, the consideration
of new characteristics of tamoxifen is important in the treatment
of solid tumors and particularly when used in combination with
current target therapies (5, 8, 9). In addition, the inhibition of mi-
tochondrial oxidative phosphorylation has recently emerged as
a promising strategy in the treatment of therapy-resistant cancer
cells (10, 11). There is emerging evidence suggesting that statins,
i.e. drugs well known for their hypocholesterolemic effects, im-
pair mitochondria, which is demonstrable by abnormal mitochon-
drial morphology, decreased oxidative phosphorylation capacity,
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mitochondrial membrane potential reduction, generated ROS in
mitochondria and activated intrinsic apoptotic pathway in carci-
noma cell lines (12—-14). As to the pleiotropic effects of statins, in
the present study we were interested in understanding the effects
of statins (atorvastatin) on tamoxifen-induced apoptotic cell death
in melanoma cells.

Materials and methods

Reagents

Atorvastatin (calcium salt, (C33 H34FN205)2Ca 3H20) and
tamoxifen were obtained from Sobhan and Darupakhsh (Iran).
Dulbecco’s modified eagle medium (DMEM), fetal bovine serum
(FBS), and trypsin were from Gibco-BRL (UK). The prepared
stock solutions of compounds (1 mM) in saline were diluted with
the medium (DMEM) to reach 1, 10, and 100 uM concentrations).

Cell culture and treatments

The B16F10 mouse melanoma cell line (obtained from Pasteur
Institute) was cultured in DMEM supplemented with 10 % FBS at
37°C in a humidified atmosphere containing 5 % CO,. Cells were
cultivated for 3—4 days to reach confluences of nearly 80%. Then
the melanoma cells were placed into two 96-well plates (1000
cells/well) and treated for 24 and 48 hours with varying doses of
tamoxifen (100, 10 and 1 uM), atorvastatin (100, 10 and 1 uM)
and co-treatment of tamoxifen and atorvastatin (100, 10, 1pM).

Results
The effect of tamoxifen and atorvastatin on Bax gene expression

The effects of tamoxifen, atorvastatin and their combination
on Bax gene expression were evaluated in a melanoma cell line at
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different concentrations (final concentrations 1, 10, and100 uM)
after 24 and 48 h using RT- PCR assay (Fig. 1 A,B). As seen in
Figure 1A, alternation of Bax gene expression was not observed
after 24 h of incubation with drugs. Atorvastatin significantly
promoted the expression of Bax gene at lower doses after 48 h of
incubation (Fig. 1B) (p<0.05), while the rise of Bax gene expres-
sion was only observed in the trial with highest dose of tamoxifen.
The data derived from the combined treatment showed the stron-
gest result when lower doses of atorvastatin were combined with
tamoxifen (any dose of tamoxifen). With an increase in the dose
of atorvastatin, the toxicity effect was observed only in combina-
tion with high dose of tamoxifen (100 uM) (p<0.05).

The effect of tamoxifen and atorvastatin on cytochrome c¢ gene
expression

We examined whether atorvastatin can increase the expressions
of cytochrome ¢ gene in tamoxifen-treated melanoma cells. RT-
PCR analyses revealed (Fig. 2 B) that the administration of ator-
vastatin alone at high dose (100 uM) (p<0.05) could significantly
increase the expression of cytochrome ¢, while tamoxifen at low
dose was observed to be effective after 48 h of incubation. The
results of co-treatment showed that atorvastatin could, even at its
ineffective dose markedly potentiate the concentration-dependent
effect of tamoxifen on cytochrome c gene expression compared to
control cells (DMEM-treated cells). The peak effect of co-treat-
ment on cytochrome ¢ expression was achieved in combination of
atorvastatin at a dose of 10 M + tamoxifen at a dose of 100 uM
(p<0.001). With an increase in the dose of atorvastatin, the toxic
effect was observed only in combination with tamoxifen at high
doses. It is worthy to mention that cytochrome ¢ gene expression
was not changed after 24 h of drug co-treatment (Fig. 2 A).
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Fig. 1. Changes in Bax gene expression in melanoma cell line after incubation with different concentrations of tamoxifen, atorvastatin and their
combination for 24 (A) and 48 (B) hours; * p < 0.05 compared with the control.
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Fig. 2. Changes in cytochrome ¢ gene expression in melanoma cell line after incubation with different concentrations of tamoxifen, atorvastatin
and their combination for 24 (A) and 48 (B) hours; * p <0.05, ** p <0.01 and *** p <0.001 compared with the control.

Discussion

Our previous data demonstrated that B16F 10 mouse melanoma
cells are responsive to toll-like receptor agonist and their responses
are time- and dose-dependent (15). In this study, we investigated
whether tamoxifen used in combination with d3-hydroxy-3-meth-
ylglutaryl coenzyme A reductase inhibitor (HRI), atorvastatin,
can improve the tamoxifen’s ability to enhance programmed cell
death signaling. Our study showed a novel combination therapy
regimen of atorvastatin + tamoxifen that augmented tamoxifen
efficacy against melanoma cells in culture. Tamoxifen is the first
and the oldest drug targeted on estrogen receptor (ER)-positive
breast cancer (16). Recent experimental studies have revealed new
biological effects of tamoxifen on tumor cells via targets other than
estrogen receptors that are key mediators in tumor sensitivity to
chemotherapy, particularly in the treatment of solid tumors (4, 5,
17). The mitochondrial cell death is triggered by diverse cytotoxic
stimuli including chemotherapeutic agents as well as by tamoxifen
(18). These stimuli activate related BCL-2 family proteins (Bax/
BAK) leading to mitochondrial outer membrane permeabiliza-
tion and thus to the release of apoptotic factor cytochrome c, and
consequently, to recruitment and activation of apoptosis caspases
(5, 6, 19-21). BCL-2 family proteins are critical checkpoints of
apoptotic cell death (22). Recent advances focus on direct target-
ing of Bax for cancer therapy (23). Cells lacking both Bax and
BAK have proven to be completely apoptosis-resistant (24). The
augmentation of tamoxifen apoptotic effects was observed when
this antiestrogen was used in combination with apoptosis activa-
tors which might be of great importance in counteracting tamoxi-
fen resistance. For instance, co-treatment with tamoxifen and
TNF-related apoptosis-inducing ligand (TRAIL) down-regulates
antiapoptotic proteins FLIP and BCL-2, while simultaneously
up-regulating proapoptotic proteins FADD, tBid, Bax, caspases
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8 and 9 in breast tumors, regardless of their ER status (7). Our
study showed that part of the toxicity synergy of atorvastatin +
tamoxifen is associated with the mitochondrial apoptosis pathway
via increased proapoptotic Bax and apoptotic cytochrome ¢ expres-
sion in melanoma cancer cells. First, we observed that the expres-
sion of pro-apoptotic proteins Bax was up-regulated moderately
following B16F10 cells treatment just with tamoxifen while the
peak of cytochrome ¢ expression was achieved at its lowest dose
(1 uM) and decreased with an increase in tamoxifen concentra-
tions. In addition, atorvastatin treatment alone led to a dose- and
time-dependent increase in mentioned pro/apoptotic factors induc-
tion in melanoma cells. Finally, we observed that co-treatment of
atorvastatin + tamoxifen could strongly synergize the expression
of apoptotic factors in melanoma cells. Interestingly, in combined
treatment, atorvastatin at a dose of 10 uM had a more effective
influence, approximately 50-fold, and powerfully potentiated the
toxicity at different doses of tamoxifen.

Statins are well known for their hypocholesterolemic effects.
By inhibiting the metabolic-mevalonate pathway, they inhibit
the activity of numerous GTPases of the RAS superfamily (25).
Parallel studies of different cancer cells demonstrated that statins
mediate its cytotoxic effects mostly via the intrinsic apoptotic
pathway. Simvastatin, fluvastatin and atorvastatin in a time- and
dose-dependent manner induce pro-apoptotic BCL2 family mem-
bers, Bax and ROS in breast cancer cell lines (26-31). Shellman
et al. have also pointed to the fact that in mice and human models
of melanoma, lovastatin enhances activity of apoptotic factor cas-
pase-3 up to 50-fold (32). Atorvastatin has been shown to induce
apoptosis in activated hepatic stellate cells and to increase highly
the protease activity of caspase-9 and caspase-3 (33). Our data
also showed that atorvastatin treatment alone led to a dose- and
time-dependent increase by 8.5 % in the induction of Bax and cy-
tochrome ¢ in melanoma cells. Now, one question remains, namely
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how atorvastatin as a mevalonate pathway inhibitor opens the way
for tamoxifen to induce a powerful apoptotic response. Based on
studies, we propose some mechanisms of cell function that can
mediate this beneficial statin effect, namely downregulation of
survivin expression (34), and increase in reactive oxygen species
(ROS) and nitric oxide synthase activity (iNOS or NOS II) (28,
35). Previously, it has been demonstrated that statins effectively
down-regulate the expression of survivin protein in colon cancer
and MCF-7 cells (34). These results suggest that survivin acts as
a factor inducing resistance against tamoxifen-induced apopto-
sis, and the combined use of tamoxifen and statin enhances the
toxic behavior of tamoxifen in breast cancer cells, which may
be a novel approach to raising the tamoxifen toxicity in other
cancers. Tamoxifen engages the mitochondrial estrogen receptor
beta (ERP) as an antagonist and increases reactive oxygen spe-
cies (ROS) concentrations from the mitochondria in part through
down-regulating manganese superoxide dismutase (MnSOD) ac-
tivity that is required for cytotoxicity (36). ROS activates protein
kinase C delta and c-jun N-terminal kinases, resulting in the mi-
tochondrial translocation of Bax and cytochrome c release (23).
Interestingly in some studies, tamoxifen failed to cause high ROS
levels due to the stimulation of MnSOD activity through agonistic
effects at mitochondrial ERP (36). We also observed an apparently
low concentration of tamoxifen antagonized ER-dependent path-
ways and increased Bax expression, while high concentration of
tamoxifen acted through its agonistic effects. Some studies have
indicated that low concentrations of tamoxifen activate ER-de-
pendent pathways, while high concentrations of tamoxifen induce
the oxidative stress reaction and activate non-ER pathways to in-
duce cell apoptosis (5, 37). It seems that melanoma MnSOD can
be therapeutically targeted with atorvastatin (or statins) to switch
tamoxifen effects (or reverse tamoxifen resistance) and enhance
the apoptosis response. However, more pharmacological studies
are required for determining the role of MnSOD in co-treatment
effects of statins and tamoxifen in cancers.

In general, we conclude that the atorvastatin-induced increase
in Bax and cytochrome ¢ gene expressions might be a permissive
response to tamoxifen-induced cell death.
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