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Introduction: Tamoxifen has been used in the treatment of metastatic malignant melanoma 
more common with other agents in the combined therapy. Up-regulated activity of the meva-
lonate pathway has been shown in a range of different cancers. Atorvastatin is the most com-
monly used statin approved for cholesterol reduction by inhibiting the mevalonate pathway 
and has been shown to inhibit tumor growth. In the present study, we used atorvastatin and 
tamoxifen combination therapy on B16f10 mouse melanoma cell lines to study whether ator-
vastatin could increase the sensitivity of melanoma cells to the chemotherapeutic agent such 
as tamoxifen.
Methods: The cell line was treated with different concentrations of tamoxifen and/or ator-
vastatin for 24 and 48h and the effects of treatment on p53 and RhoA were investigated using 
quantitative RT-PCR.
Results: The combination of atorvastatin and tamoxifen resulted in a potentiation antitumor 
effect via up-regulation of p53 and down-regulation of RhoA expression against melanoma 
tumors in vitro. Furthermore, we demonstrated the combination of atorvastatin with tamoxifen 
could reduce tamoxifen dose to minimize possible detrimental side effects in melanoma.
Conclusion: Our results suggested that atorvastatin as a combined therapy with tamoxifen 
may provide a new approach for improving the efficacy and treating against melanoma cancer 
but needs further exploration in clinical trials.
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Introduction
Melanoma, the common cancer in the world, is one of 

the most dangerous cutaneous cancers formed by neo-
plastic changes of melanocytes and can rapidly be ex-
tended to deeper layers of derma as well as other tissues. 

Incidence of melanoma increasing at a faster rate than 
almost all other cancers (Guy Jr et al., 2015; Rigel and 
Carucci, 2000). Chronic exposure to ultraviolet radiation 
from sunlight is known as the most important risk fac-
tor (Watson et al., 2016). Despite advances in diagnosis 
and treatment options, the risk for metastasis and mor-
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tality rate of melanoma as a life-threatening malignancy 
remains unchanged and patients with metastatic mela-
noma have a median survival time of only 6–9 months 
(Tarhini and Agarwala, 2006). Tamoxifen is an estrogen 
receptor antagonist that is routinely used in advanced 
melanoma therapy but as a single agent is minimally 
active in treating patients with melanoma (Rusthoven, 
1998; Toma et al., 1999). Combination therapies using 
selected drugs in order to improving tamoxifen efficacy 
have recently garnered attention. The safety and effica-
cy of tamoxifen with combination of other medications 
may be changed the outcome of therapy in patients. A 
growing body of preclinical studies have shown that 
statins may possess anticancer activities including cell 
cycle arrest, inhibition of angiogenesis and cell prolifer-
ation, and anti-metastatic in various types of cancer cells 
(Barbalata et al., 2020; Beckwitt et al., 2018; Fatehi 
Hassanabad, 2019). Recent evidence indicates functiond-
al association between the mevalonate pathway in cho-
lesterol metabolism and oncogenic proteins including 
tumor protein 53 (TP53) and Rho (Freed-Pastor et al., 
2012; Ingallina et al., 2018; Parrales et al., 2018) which 
suggest the efficacy of mevalonate inhibitors or statins in 
preventing certain malignancies. Rho GTPases are im-
portant regulators of actin and microtubule-containing 
structures and have also been implicated in the control 
of cell adhesion, cell motility, cell cycle progression and 
gene expression. The use of statins with modulatory and 
inhibitory Rho GTPases activities may provide a new 
and viable therapeutic strategy for melanomas. TP53 is 
the most frequently mutated gene in cancers which not 
only deactivates its tumor suppressor function, but also 
can confer an oncogenic properties with uncontrolled 
cell proliferation and death (Rivlin et al., 2011). The 
present study aimed to determine whether statin drugs 
alters the efficacy of tamoxifen on expression of p53 and 
Rho in melanoma. 

Materials and methods
Reagents
Atorvastatin (calcium salt, [C33 H34FN2O5]2Ca 

3H2O) and tamoxifen were purchased from Darou Pa-
khsh (Tehran, Iran) and Sobhan Pharmaceutical compa-
ny (Rasht, Iran) respectively. The Dulbecco’s Modified 
Eagle Medium (DMEM), fetal bovine serum (FBS) and 
trypsin were obtained from Gibco BRL (Grand Island, 
NY, USA). Fresh solutions of 1, 10 and 100µM ator-

vastatin or tamoxifen were prepared in culture medium 
(from stock solution [1mM] of compounds), whereas 
the control group was treated with vehicle only.

Tumor cell line and in vitro treatment of melanoma 
cells

B16f10 mouse melanoma cell line was obtained from 
the National Cell Bank of Iran attached to the Pasteur 
Institute and maintained in culture by serial passages in 
culture medium composed of natural growth medium 
DMEM with 10% FBS, 100U/μl penicillin and 100μg/
μl streptomycin and incubated in the atmosphere with 
5% CO2. Cells then digested with 0.25% in trypsin and 
moved to 96-well plates (1000 cells/well) for 24 and 48 
hours treatment with varying doses of tamoxifen (100, 
10 and 1μM), atorvastatin (100, 10 and 1 μM) and com-
bination of 10μM of atorvastatin and different concen-
trations of tamoxifen (100, 10 and 1μM). All experi-
ments were carried out with ethics committee approval 
from the Isfahan University of Medical Sciences (IR.
MUI.REC.1395.2.230).  

Quantitative real-time polymerase chain reaction 
(qRT-PCR)

Total RNA (1μg) was extracted from the cells with 
the RNeasy Kit (Thermo Scientific, European Union, 
Lithuania) and was reverse-transcribed using a Re-
vertAid First Strand cDNA Synthesis kit (Fermentas, 
Vilnius, Lithuania) according to the manufacturer’s 
instructions. An aliquot (2μl) of reverse transcription 
product was used for PCR amplification in a total vol-
ume of 100μl. For quantitative PCR analysis, cDNAs 
were subjected to real time PCR using Maxima SYBR 
Green/ROX qPCR Master Mix kit (Fermentas, Vil-
nius, Lithuania) in rotor gene 6000 RT-PCR detection 
system (Corbett Research, Australia). The PCR primer 
sets used for RhoA, TP53 and GAPDH cDNA ampli-
fication were as follows: RhoA (Hayashi et al., 2005) 
sense 5′-CTG GTG ATT GTT GGT GAT GG-3′, anti-
sense 5′-GCG ATC ATA ATC TTC CTG CC-3′; TP53 
(Stanisavljevic et al., 2017) sense 5′-CCCCTCCTGG.-
CCCCTGTCATCTTC-3′, antisense 5′-GCAGCGCCT-
CACAACCTCCGTCAT-3′; GAPDH (Stanisavljevic et 
al., 2017) sense 5′-GGACCTGACCTGCCGTCTAG-3′, 
antisense 5′-CCACCACCCTGTTGCTGTAG-3′. All 
samples were analyzed in triplicate and mean values re-
corded. The level of expression of TP53 and RhoA was 
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determined by normalizing the expression of GAPDH 
and calculated as 2-ΔΔCt. The thermal cycle profile used 
was 40 cycles of denaturation at 95°C for 15s, anneal-
ing/extension at 60°C for 1min. Control testing showed 
that the signal was derived from cDNA for each ampli-
con and not from primer dimers. 

Statistical analysis
Data were expressed as the mean±SEM. Statistical 

analysis was performed by ANOVA one-way test for 
multiple comparisons, followed by Tukey post hoc test. 
Statistically significant values of P<0.05 were consid-
ered.

Results
Effect of tamoxifen and atorvastatin on the expression 

of p53
To investigate the effect of tamoxifen and atorvasta-

tin, alone and in combination, on p53 gene expression, 
B16f10 melanoma cells were treated with different con-
centrations of drugs for 24 and 48h (Figures. 1a and b). 
As shown in Figure 1a, no significant changes of p53 
expression were observed in the B16f10 cells treated 
with atorvastatin or tamoxifen and their combinations 
compared with the control after 24h (F(9,26)= 5.701). 
Whereas the expression of p53 was significantly in-
creased in B16f10 cells treated with 10µM atorvastatin 
for durations of 48h compared with that in control cells 
(F(9,21)= 31.238, P<0.01; Figure 1b). Higher doses of 
tamoxifen (10 and 100µM) also significantly induced 
p53 overexpression after 48h (P<0.01). After using 
combined treatment, we found a marked significant in-
crease in p53 expression at lower doses of tamoxifen 
(P<0.01). For higher dose of tamoxifen (100µM) in 
combination with atorvastatin, no significant change in 
p53 expression level was observed.

Our results also showed that the expression of p53 was 
markedly higher in the combined treatment group than 
individual treatments after 48h incubation (P<0.01; ator-
vastatin and 1µM tamoxifen compared to 1µM tamox-
ifen) and (P<0.01; atorvastatin and 100µM tamoxifen 
compared to 100µM tamoxifen).

 Effect of tamoxifen and atorvastatin on the expression 
of RhoA

We compared the RhoA genomic expression pattern 
of B16f10 cells cultured with atorvastatin or tamoxifen 

alone or in combination for 24 or 48 hours relative to 
GAPDH (Figures. 2a, b). The results were not statisti-
cally significant compared to the values of the control 
group at 24 hours after incubation (F(9,26)= 0.809; Fig-
ure 2a). However, extending the incubation period from 
24 to 48h reduced the expression of RhoA with atorvas-
tatin (10µM) in comparison to control (F(9,24)= 2.346, 
P<0.05; Figure 2b). Higher doses of tamoxifen (10 
and 100µM) also down-regulated mRNA expression 
of RhoA after 48h incubation (P<0.05). Our results fur-
ther demonstrated that the combination of atorvastatin/
tamoxifen induced more reduction of RhoA expression 
with lower doses of tamoxifen (1 and 10µM, P<0.05; 
Figure 2b). Interestingly, the expression of RhoA de-
creased in combination therapy with increasing dose of 
tamoxifen compared to that in the control cells (Figure 
2b). 

In addition, a decrease in expression RhoA was ob-
served after 24 and 48h of combination therapy (ator-
vastatin and 100µM tamoxifen) compared with cells 
treated with 100µM tamoxifen alone (P<0.05).

Discussion
In the present study, we found that the combination 

of atorvastatin at effective concentration (10μM) with 
different doses of tamoxifen potentiates anti-metastasis 
and also apoptotic effects of tamoxifen in vitro. Com-
bined treatment of atorvastatin with higher dose of 
tamoxifen may induce toxic effects of drugs as shown 
with decreased responses. In other words, patients using 
atorvastatin appear to require a lower dose of tamoxi-
fen for therapeutic aspects on melanoma. Above all, we 
demonstrated that statins and in particular atorvastatin, 
could be promising drugs and interest for combination 
therapy of melanoma because atorvastatin/tamoxifen 
combination therapy was much stronger than those 
caused by atorvastatin or tamoxifen individually. Statins 
are routinely used to treat hyperlipidemia. The impor-
tance of this interaction is intensified as atorvastatin 
may be prescribed with tamoxifen for cancer patients 
because of hypercholesterolemia. Apart from their lip-
id-lowering effects, statins have induced anticancer ac-
tivity in different cancer cell lines (Ibrahim et al., 2019; 
Tutuska et al., 2020). Therefore, it is necessary to reduce 
the dose of tamoxifen in these patients due to synergistic 
drug interaction.

Combination chemotherapy regimens in metastatic 
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  FIGURE 1.FIGURE 1.  Relative mRNA expression for p53 in B16f10 cells. Quantitative real-time PCR was used to measure p53 abundance in cells 

cultures treated with atorvastatin, tamoxifen or their combination for (a) 24h and (b) 48h. Values are expressed as fold change and p53 gene 

expression was determined based on the relative levels to non-treated sample (control). The relative expression levels were calculated by the 

2−ΔΔCt method. In all experiments, mRNA abundance was normalized to GAPDH and represents the mean±SEM (n=3). **P<0.01 and ***P<0.001 

compared with the control.
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FIGURE 2.FIGURE 2.  Relative mRNA expression for RhoA in B16f10 cells. Quantitative real-time PCR was used to measure RhoA abundance in cells 

cultures treated with atorvastatin, tamoxifen or their combination for (a) 24h and (b) 48h. Values are expressed as fold change and RhoA gene 

expression was determined based on the relative levels to non-treated sample (control). The relative expression levels were calculated by the 

2−ΔΔCt method. In all experiments, mRNA abundance was normalized to GAPDH and represents the mean±SEM (n=3). *P<0.05 compared with 

the control.
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melanoma might lead to an increase in outcome and 
response rates (Yang and Chapman, 2009). Tamoxifen 
exerts its antiproliferative activities via several distinct 
mechanisms including the up-regulation of the tumor 
suppressor gene TP53 which encodes p53 to promote 
apoptosis and cell cycle arrest (Lagadec et al., 2008). Our 
data showed that atorvastatin increased significantly p53 
expression in combination with lower dose of tamoxifen 
(1µM/ml). In other words, lower doses of tamoxifen are 
needed for inducing apoptosis in B16f10 cells due to 
possible potentiation by atorvastatin. Our findings are 
somewhat similar to other cancer types studies of statins 
therapy. For example, Ibrahim and colleagues (Ibrahim 
et al., 2019) reported that the simvastatin in combination 
of tamoxifen increased the apoptotic and necrotic cell 
death in breast cancer cells. Recently, Stine et al. (2016) 
have shown that simvastatin may have therapeutic 
benefit for ovarian cancer treatment. Statin-pretreated 
melanoma cells have been shown lower proliferation 
and viability compared to the untreated melanoma 
cells (Depasquale and Wheatley, 2006; Minichsdorfer 
and Hohenegger, 2009; Tsubaki et al., 2019). Saito et 
al. (2008) demonstrated anti-proliferative activity of 
simvastatin against melanoma cells through induction 
of apoptosis and cell cycle arrest. 

Evidence from several studies suggests that melanoma 
incidence rates may be lower in patients receiving statin 
treatment for hypercholesterolemia (Freeman et al., 
2006; von Schuckmann et al., 2020). While many cancer 
patients benefit from tamoxifen in both the adjuvant and 
metastatic settings, resistance is a notable clinical problem 
in a large proportion (Ring and Dowsett, 2004). On the 
other hand, a role of cholesterol metabolism has recently 
been suggested in tamoxifen resistance of cancer therapy 
(Hultsch et al., 2018; Tiwary et al., 2011). Therefore, a 
combination of statins with tamoxifen may extend the 
duration of tamoxifen efficacy. These medications have 
been proven to be safe, effective drugs with rare side 
effects (Armitage, 2007; Demierre et al., 2005; Law and 
Rudnicka, 2006). Furthermore, statins with inhibition 
3-hydroxy-3-methylglutaryl-CoA reductase, a rate-
limiting enzyme in the mevalonate pathway, have been 
shown important inhibitory effects on human melanoma 
cells by suppressing of cell proliferation, angiogenesis 
and induction of apoptosis (Altwairgi, 2015; Glynn et 
al., 2008). Inhibition of metabolic mevalonate pathway 
with essential roles in membrane formation and 

isoprenylation of several small GTPases seems to reduce 
melanoma cell growth and differentiation (Collisson et 
al., 2002; Ji et al., 2020; Karlic et al., 2015). Among the 
GTPases requiring isoprenylation are the proteins of 
the Rho family including RhoA, which regulate signal 
transduction pathway from receptors in the membrane 
to a broad range of cellular events, thereby acting as a 
molecular switch inside cells (Haga and Ridley, 2016).  

The Rho family belongs to the Ras superfamily of 
low molecular weight GTPases and facilitates a wide 
spectrum of cellular functions including cell motility 
through organization of the actin cytoskeleton, cell cycle 
progression, cell death and regulation of multiple target 
genes transcription. Deregulation of Rho proteins is 
associated with oncogenic process and metastasis (Porter 
et al., 2016). Atorvastatin has been shown to prevent Rho 
geranylgeranylation and metastatic ability of melanoma 
cells (Collisson et al., 2003). Rho GTPases inhibitors 
like statins or prenylation inhibitors reduce melanoma 
cells migration, invasion and metastases (Clayton and 
Ridley, 2020; Fritz and Kaina, 2006). Our present study 
clearly indicated that atorvastatin suppressed RhoA 
expression in melanoma cell lines. It has been reported 
that RhoA family and their down-stream targets are 
essential for the regulation of G1/S transition in the cell 
cycle (Noguchi et al., 1998; Villalonga et al., 2006). 
Synergistic interaction of atorvastatin and tamoxifen 
may be due to the increase in apoptotic cell death in 
addition to other mechanisms such as decrease in ROS 
levels and free radical production (Ibrahim et al., 2019). 
Liang et al. (2017) have provided evidence that the 
simvastatin in combination with tamoxifen induced 
DNA damage, apoptosis and inhibited the growth of 
tamoxifen-resistant cell lines. Moreover, glucose uptake 
was shown to be impaired in cancer cells by statins 
resulted in impaired viability of tumor cells due to reduce 
the adaptation of tumor cells to micro-environmental 
conditions (Malenda et al., 2012).

Conclusion
In conclusion, atorvastatin/tamoxifen combination 

therapy may offer improved outcome over either 
single agent in melanoma chemotherapy. Atorvastatin 
presumably inhibit metastasis in melanoma cells 
through down-regulation of the RhoA expression and 
potentiate apoptosis via up-regulation of p53. Besides, 
the increased efficacy of atorvastatin/tamoxifen 
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combination therapy could also reduce tamoxifen 
dose to minimize possible detrimental side effects in 
melanoma. Although our findings support the potential 
anticancer role of atorvastatin in melanoma cell lines, 
further studies will be needed to determine the in vivo 
and clinical efficacy of atorvastatin. 
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