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Abstract:

The aim of this study was to evaluate the effect of fluvastatin on the �-melanocyte-stimulating hormone-mediated increase in

tyrosinase activity in the melanoma B16F10 cell line and to establish whether Akt and extracellular signal-regulated kinase (Erk)

inhibition is involved in tyrosinase synthesis after fluvastatin administration. Fluvastatin modulates �-melanocyte-stimulating

hormone induced melanogenesis by increasing tyrosinase mRNA production, as shown by real time PCR, or tyrosinase protein

synthesis, as presented by western blot technique. The stimulatory effect of fluvastatin on melanogenesis was, in part, induced by

modulation of cell proliferation (decreased melanoma cell proliferation in G2/M phase) and possibly decrease of Akt. These findings

indicate that fluvastatin increases tyrosinase synthesis induced by �-melanocyte-stimulating hormone in B16F10 cells and reveal an

unknown effect of statin use: their influence on melanin production.
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Abbreviations: �-MSH – �-melanocyte-stimulating hormone,

Akt/PKB – protein kinase B, Erk – extracellular signal-regulated

kinase, FBS – fetal bovine serum, HMG-CoA – 3-hydroxy-3-

glutaryl-coenzyme A, Mitf – microphthalmia-associated tran-

scription factor, SEGA – subependymal giant-cell astrocytoma

Introduction

Statins inhibit cholesterol synthesis by reducing 3-

hydroxy-3-glutaryl-coenzyme A (HMG-CoA) reduc-

tase activity. Recent data suggest that statins are not

only relatively safe drugs in hypercholesteromy treat-

ment but also have pleiotropic effects, which may be

beneficial in the treatment and prevention of coronary

artery disease by reducing the risk of cancer and de-

velopment of osteoporosis or ischemic stroke [11, 15,

18, 19, 21, 23, 24]. On the other hand, studies per-

formed on laboratory animals show that administra-

tion of statins, in some cases, may affect heterotopic

ossification [8, 9]. Recent studies have shown that

statins inhibit cell cycle progression via apoptosis and

the induction of cell cycle arrest. They also decrease

the invasion by melanoma cells [10, 22].
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In the current study, we examined the effect of

relatively low concentrations of fluvastatin on the

�-melanocyte-stimulating hormone (�-MSH)-med-

iated increase in tyrosinase activity in the melanoma

B16F10 cell line and investigated the effect of protein

kinase B (Akt/PKB) and extracellular signal-regulated

kinase (Erk) inhibition on tyrosinase synthesis result-

ing from administering fluvastatin.

Materials and Methods

Cell culture

B16F10 mouse melanoma cells were cultured in 75-

cm2 flasks and grown in a DMEM + GlutaMAX me-

dium (Gibco, NY, USA) with 10% fetal bovine serum

(FBS) (Gibco, NY, USA) and 1% antibiotic/antimi-

cotic solution (Gibco, NY, USA). Cells were incu-

bated at 37°C under an air-CO2 (95:5) atmosphere.

The induction of melanogenesis for the analysis of the

tyrosinase mRNA production was initiated by adding

1-µM �-MSH (Sigma-Aldrich) to the B16F10 mela-

noma cells medium as previously described [20].To

investigate the tyrosinase protein synthesis, melano-

genesis was induced by adding 1 µM and 2 µM

�-MSH. Cells were treated with fluvastatin (Novartis,

Basel, Switzerland) alone, �-MSH, or �-MSH and

fluvastatin simultaneously. Untreated cells served as

a control. For real-time polymerase chain reaction

(PCR) analysis, which detects early changes (changes

in mRNA), cells were incubated for 12 h, and for the

western blot analysis (which detects the presence of

the protein product), cells were incubated for 48 h.

Cell cycle analysis and determination of

apoptosis

The B16F10 cells were first cultivated overnight in

25-cm2 flasks (5 × 104 cells/flask) in a serum-free me-

dium to induce cell cycle arrest and thus synchronize

the culture. Cells were then incubated for 30 h in me-

dium supplemented with either 10% FBS or 10% FBS

and 1 µM fluvastatin. The pellets were treated with

a solution of 100 µg/ml RNase I (Sigma, Genosys, St.

Louis MO, USA) and stained with 50 µg/ml propid-

ium iodide, according to the manufacturer’s instruc-

tions. Afterward, flow cytometric analysis was per-

formed using a Becton-Dickinson FACScan flow cy-

tometer (FACSCalibur). The DNA histogram was

analyzed with CellQuest software (Becton Dickinson,

Heidelberg, Germany).

Antibodies

Antibodies against included tyrosinase, phospho-Erk

Y204, phospho-Akt/PKB S473 (both being active

forms of these kinases of murine and human origin),

�-actin, and secondary antibodies (HRP-goat anti-

rabbit or HRP-bovine anti mouse) and were pur-

chased from Santa Cruz Biotechnology (Santa Cruz,

CA, USA). The positive control for phospho-Erk was

SEGA (subependymal giant-cell astrocytoma), a brain

tumor with Erk activation, kindly donated by Profes-

sor Sergiusz JóŸwiak from the Department of Pediat-

ric Neurology, The Children’s Memorial Health Insti-

tute, Warszawa, Poland.

Total RNA isolation

RNA was isolated with a NucleoSpinRNA II kit

(Macherey-Nagel, Neumann-Neander D-52355 Düren,

Germany), according to the manufacturer’s protocol.

The quality of isolated RNA was tested by electropho-

resis in 1% agarose denaturing gel, containing 6%

formaldehyde and buffered with MOPS (Sigma, Ge-

nosys, St. Louis MO, USA). After electrophoresis test

was complete, the gel was scanned using the digital

imaging system GDS9000 with GRAB-IT 2.0 soft-

ware (UVP, Cambridge, UK). Densitometric analysis

of bands was performed using the GelWorks software

(UVP).

Reverse transcription (RT)

The RT was conducted in 20 µl of a reaction mix con-

taining transcription buffer, 5.5 mM MgCl2, 0.5 mM

deoxynucleosides (dNTP), 2.5 µM oligo dT primer,

3 U RNase inhibitor, and 6 U reverse transcriptase

(Reverse Transcription Kit, Promega). A total of 1 µg

RNA was heated at 70°C for 10 min, cooled to 2°C,

and added to the reaction mix. The RT was performed

in an Eppendorf Master Cycler Gradient. The samples

were incubated at 42°C for 2 h and then heated to

94°C. The cDNA was stored at –20°C.
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Real-time PCR

The real-time PCR was performed using the Abi Prism

7500 Real-Time PCR system (Applied Biosystems,

Warrington, UK) in 96-well optical plates. Each sam-

ple was tested in triplicate and an endogenous control

(�-actin) was included. For the tyrosinase expression,

the sequence of the forward primer was 5’-GGC CAG

CTT TCA GGC AGA GGT-3’, and the sequence of

the reverse primer was 5’-TGG TGC TTC ATG GGC

AAA ATC-3’ (Sigma, Genosys, St. Louis MO, USA).

Reactions were run in 25-µl volume with a Power

Sybr® Green PCR Master Mix (Applied Biosystems,

Warrington, UK), an appropriate primer set, and 50 ng

of the cDNA template. Standard thermal conditions

(10 min at 95°C, 40 cycles of 15 s at 95°C, and 1 min

at 60°C) were used. Data were analyzed with se-

quence detection software ver. 1.2 (Applied Biosys-

tems, Warrington, UK).

Western blot analysis

Cells were lysed in a RIPA buffer containing protease

inhibitors (Complete, Roche, Mannheim, Germany) and

centrifuged at 15,000 × g for 30 min. The resultant

solubilized proteins were measured using the Bio-Rad

DC Protein Assay and equal quantities of each probe

were subjected to sodium dodecyl sulfate-polyacrylamide

gel electrophoresis (SDS-PAGE) on 8% polyacrylam-

ide gel for tyrosinase. Proteins were transferred elec-

trophoretically onto a PVDF membrane. Blocking

was performed in Tris-buffered saline containing 5%

skimmed milk powder and 0.05% Tween-20. Blots

were incubated with appropriate primary antibodies at

a dilution of 1:1000 and then further incubated with

horseradish peroxidase-conjugated secondary anti-

body. Membranes were washed in a TBST buffer and

proteins were detected using the western blotting lu-

minol reagent (Santa Cruz, CA, USA). Band density

was measured using a Bio-Rad (Hercules, Calif.,

USA) GS-700 imaging densitometer.

Results

Cell cycle

The effect of 1-µM fluvastatin on the B16F10 mela-

noma cell cycle was analyzed by flow cytometry.

Treated cells exhibited a decrease in fluorescence in-

tensity in the G2/M phase. The proportion of cells in

the G2 phase was 8.8% (Fig. 1A), while in the un-

treated cells it amounted to 16% (Fig. 1B), which in-

dicates G1/S arrest induced by fluvastatin. The result

is the average of three independent runs.

Real-time PCR

�-MSH increased the level of tyrosinase mRNA in

B16F10 cells when compared to control cells. In cells

treated with �-MSH, the level of tyrosinase mRNA

was higher than in cells treated with 1 µM fluvastatin.

Finally, simultaneous fluvastatin and �-MSH treat-
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ment of the B16F10 cell line resulted in a strong in-

crease of tyrosinase mRNA, in comparison to treat-

ment by the �-MSH or fluvastatin alone (Fig. 2).

Western blot

Western blot analysis of protein extracts from the

�-MSH treated B16F10 melanoma cells demonstrated

elevated levels of tyrosinase, compared to the control

cells. Melanoma cells simultaneously treated with

1 µM fluvastatin and 1µM �-MSH, or 1 µM fluvasta-

tin and 2 µM �-MSH, showed an increased tyrosinase

expression and a decreased phospho-Akt/PKB expres-

sion, compared to cells treated with fluvastatin or

�-MSH alone. Since the western blot analysis indicates

that B16F10 melanoma cells have a very low expression

of Erk, it was not possible to establish the role of fluvas-

tatin on Erk modulation in our experiments (Fig. 3).

Discussion

A variety of cytokines and drugs have been implicated

in melanogenesis. However, so far there are no reports

regarding participation of statins – drugs widely used

in hypercholesteromy treatment, in melanogenesis.

Recent developments show that statins inhibit the

growth of melanoma cells mostly by inhibiting their

proliferation and invasion [10, 22]. Melanoma is a tu-

mor derived from the uncontrolled proliferation of

melanocytes. These cells contain a specialized mem-

brane-bound subcellular organelle, melanosome, which

has the basic function of synthesizing melanin. Mela-

nogenesis is regulated by the activity of tyrosinase,

a rate-limiting enzyme in melanin biosynthesis. Mela-

nocytes respond to �-MSH by increasing their tyrosi-

nase activity and melanin content [7, 17].

Here we studied in vitro, the effect of fluvastatin on

�-MSH-induced melanogenesis in B16F10 melanoma

cells. We showed that the effect of fluvastatin is medi-

ated through both transcriptional and post-transcriptional

events, leading to a change in the tyrosinase expres-

sion. To investigate whether the effect of fluvastatin

on melanogenesis would be, in part, induced by the

modulation of cell proliferation, we explored the con-

sequences of fluvastatin administration on B16F10

cell cycle. We found a decrease in the number of

melanoma cells in the G2/M phase, which is in line

with previous findings [1, 14], that have shown inhi-

bition of in vitro cancer cell proliferation, by causing

cell cycle arrest at the G1/S phase.

Upregulation of tyrosinase biosynthesis may result

from the inhibition of two kinases implicated in mela-

nogenesis: Akt/PKB and Erk. Although the mechanism
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by which Akt/PKB depresses melanin is not known, it

has been found that the inhibition of Akt/PKB in-

creases melanogenesis [16]. On the other hand, the

transfection of melanoma cell lines with constitu-

tively active Akt/PKB and their intravenous injection

demonstrated that the cells failed to produce pig-

mented foci [26]. The link between active Erk and ty-

rosinase is better explored. Research performed in

mouse B16 melanoma cells revealed that inhibition of

Erk promotes cell dendricity and increases tyrosinase

expression and activity. Also, down-regulation of Erk

with its inhibitor or dominant negative mutants of

p21ras and MEK (Erk) triggers stimulation of tyrosinase

[6]. Erk has been shown to phosphorylate and pro-

mote degradation of melanocyte-specific micro-

phthalmia-associated transcription factor (Mitf), a major

regulator of the melanogenic enzymes tyrosinase,

tyrosinase-related protein 1 and 2 [3, 4, 25].

Under our experimental conditions, we excluded

the possibility of tyrosinase upregulation as a result of

Erk repression. Basal levels of active Erk were low,

practically undetectable, and did not change after flu-

vastatin or �-MSH stimulation. Additionally, we ob-

served a slight decrease of Akt/PKB after �-MSH

treatment, which was especially potentiated by the ad-

dition of fluvastatin. This decrease could contribute to

increased tyrosinase synthesis and positively affect

melanin production.

The fluvastatin effect on melanogenesis appears

specific, rather than the result of nonspecific cellular

toxicity, and was effective at doses widely used by

other investigators [2, 5, 12, 13]. It would be of inter-

est to explore, in clinical trials, whether statins admin-

istered in the treatment of dyslipidemia are able to

have an influence on skin lesions such as cutaneous

melanoma, where UV irradiation is the main cause.
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