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A novel adamantyl benzylbenzamide derivative, AP736,
inhibits melanogenesis in B16F10 mouse melanoma cells
via glycogen synthase kinase 33 phosphorylation
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Abstract. Recently, much effort has been made to develop
effective dermatological depigmenting compounds. In this
study, we investigated the novel candidate compound, AP736
(an adamantyl benzylbenzamide derivative), and its effects
on melanogenesis in BI6F10 melanoma cells, as well as the
mechanisms involved. AP736 has been reported to exert anti-
melanogenic effects in melanocytes in vitro and in artificial skin
equivalents through the inhibition of key melanogenic enzymes
and the suppression of the cAMP-protein kinase A (PKA)-
cAMP response element-binding protein (CREB) signaling
pathway. Thus, we examined another pathway of melanogenesis
involving the effects of AP736 on the glycogen synthesis kinase
3B (GSK3p) pathway. Melanin content and tyrosinase activity
were measured using a spectrophotometer after the cells were
treated with AP736. The AP736-induced activation of signaling
pathways was examined by western blot analysis. We confirmed
that AP736 decreased melanin production in a dose-dependent
manner; however, it did not directly inhibit tyrosinase, the
rate-limiting melanogenic enzyme. The expression of microph-
thalmia-associated transcription factor, tyrosinase, and related
signal transduction pathways was also investigated. The Wnt
signaling pathway is deeply involved in melanogenesis; therefore,
phosphorylation by GSK3f was assessed following treatment
with AP736. AP736 induced GSK3p phosphorylation (inacti-
vation), but it did not alter the level of -catenin. Furthermore,
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the expression of a-melanocyte-stimulating hormone-induced
tyrosinase was downregulated by AP736. Our data suggest that
AP736 exerts hypopigmentary effects through the downregula-
tion of tyrosinase via GSK3p phosphorylation.

Introduction

Melanogenesis is the most important function of melano-
cytes, which are located in the basal layer of the epidermis
in human skin (1,2). Melanogenesis has many important
physiological functions, including the photoprotection of
human skin from ultraviolet (UV) irradiation (3). Melanin
synthesis is stimulated by various molecules and conditions,
such as a-melanocyte-stimulating hormone (a-MSH), cyclic
AMP (cAMP)-elevating agents [including forskolin, glycyrrhizin
and isobutylmethylxanthine (IBMX)] and UV radiation (4-6).
Various dermatologic disorders result from the accumulation
of excessive levels of epidermal pigmentation (4-6). Epidermal
and dermal hyperpigmentation may depend on either increased
numbers of melanocytes or melanogenic enzyme activities (7).
Three key melanogenic enzymes, tyrosinase, tyrosinase-related
protein-1 (TRP-1), and tyrosinase-related protein-2 (TRP-2),
participate in melanogenesis (8). Tyrosinase is the rate-limiting
enzyme that catalyzes two critical steps in melanogenesis:
the hydroxylation of L-tyrosine to 3,4-dihydroxyphenylala-
nine (DOPA) and the oxidation of DOPA to dopaquinone (9-11).
Dopaquinone is converted to dopachrome, which is in turn
converted to dihydroxyindole or dihydroxyindole-2-carboxylic
acid (DHICA) to form melanin.

TRP-1 catalyzes the oxidation of DHICA to carboxylated
indolequinone (12). Thus, the upregulation or activation of
melanogenic enzymes can increase melanogenesis and hyperpig-
mentation. Additionally, stimulators, such as a-MSH, forskolin
and IBMX, regulate the expression of tyrosinase, TRP-1 and
TRP-2 by modulating the activation of transcription factors,
such as microphthalmia-associated transcription factor (MITF)
and cAMP response element-binding protein (CREB) and
through protein kinase A (PKA) signaling pathways (13).
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MITF is a master transcription factor for melanogenesis.
With a basic helix-loop-helix-leucine zipper (bHLHZip)
structure, MITF upregulates tyrosinase, TRP-1 and TRP-2 by
binding to an M-box motif at the promoter sites (14). MITF
regulates melanocyte pigmentation, proliferation, survival and
differentiation (15). Mutation of the MITF gene in humans
can cause abnormal pigmentation of the skin and hair (16,17).
Moreover, decreased MITF expression induces the down-
regulation of melanocyte differentiation markers and inhibits
melanogenesis (18). A key component of MITF induction is the
UV-mediated induction of the proopiomelanocortin (POMC)
and MC1 genes encoding a-MSH. a-MSH binding to MCIR
increases the intracellular level of cAMP (19) and activates
PKA, which subsequently phosphorylates CREB protein, an
activator of MITF gene expression. Conversely, the activation
of extracellular signal-regulated kinase (ERK) induces MITF
phosphorylation and degradation, ultimately suppressing
melanogenesis (20-22). MITF expression is also regulated by
the Wnt signaling pathway, the activation of which results in
glycogen synthase kinase 3 (GSK3p) inactivation and subse-
quent (-catenin accumulation (23). Furthermore, accumulated
[-catenin moves into the nucleus and binds lymphoid-enhancing
factor/T-cell factor transcription factor, stimulating MITF
expression (24). By contrast, it is known that activated GSK3p
leads to the ubiquitination and degradation of B-catenin (25).

The Wnt/p-catenin pathway, which is activated by the
interactions of Wnt 1, Wnt3a and Wnt8 with Frizzled (Fz)
receptors and low-density lipoprotein receptor-related
protein 5/6 co-receptors (26), controls cell differentiation, cell
proliferation and cell motility (27-30). In the absence of a Wnt
signal, N-terminal serine/threonine residues of -catenin are
sequentially phosphorylated by casein kinase 1 and GSK3f
in a multiprotein complex containing adenomatous polyposis
coli and axin (31,32). Phosphorylated -catenin is then recog-
nized by F-box beta-transducin repeat-containing protein, a
component of the ubiquitin ligase complex, resulting in the
degradation of B-catenin via an ubiquitin-dependent mecha-
nism (33). The activation of the receptor by its Wnt ligands
negatively regulates GSK3p, leading to the accumulation of
cytoplasmic B-catenin (34). A link between Wnt/B-catenin
signaling and melanocyte differentiation has been shown
by the finding that B-catenin, which accumulates by the
activation of Wnt/f3-catenin signaling, forms a complex with
lymphocyte enhancer factor-1 to upregulate expression of the
MITF gene (35). B-catenin also directly interacts with the
MITF protein itself and then activates MITF-specific target
genes (36). In addition to MITF, Wnt/B-catenin signaling is
involved in neural crest formation, migration, proliferation and
differentiation (24).

Several known natural melanin synthesis inhibitors,
including arbutin and kojic acid, have been the focus of previous
studies and are currently being utilized as cosmetic addi-
tives (37). A great deal of attention has continuously focused on
the development of natural products for future applications in
the cosmetics industry (38,39). However, it is necessary to find
safer and more effective skin-whitening compounds due to the
carcinogenic potential and weak whitening effect of kojic acid.

In the present study, we examined the effects of the novel
adamantyl benzylbenzamide derivative, AP736, on melanin
synthesis and tyrosinase activity in BI6F10 melanoma cells. In
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addition, we examined the effects of AP736 on the expression
of MITF and tyrosinase.

Materials and methods

Materials. The novel adamantyl benzylbenzamide derivative,
AP736, was synthesized at the AmorePacific R&D Center
(structure shown in Fig. 1). AP736 was dissolved in dimethyl sulf-
oxide (DMSO) and stored at -20°C as a stock solution (10 mM).
a-MSH, 3,4-dihydroxy-L-phenylalanine (L-DOPA), mush-
room tyrosinase, phenylthiourea (PTU), kojic acid and
(2'2,3'E)-6-bromoindirubin-3'-oxime (BIO) were purchased
from Sigma-Aldrich Co. (St. Louis, MO, USA). The Cell
Counting kit-8 (CCK-8) was purchased from Dojindo Molecular
Technologies, Inc. (Kumamoto, Japan). Dulbecco's modified
Eagle's medium (DMEM), phosphate-buffered saline (PBS)
and penicillin/streptomycin were purchased from WelGene
Biopharmaceuticals (Daegu, Korea). Fetal bovine serum (FBS)
was purchased from Gibco Life Technologies (Grand Island, NY,
USA). Antibodies specific for tyrosinase (C-19), TRP-1 and actin
were from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA,USA).
Antibodies specific for phosphorylated (p-)GSK3p (#9336)
and total GSK3f (#9315) were purchased from Cell Signaling
Technology (Beverly, MA, USA), and microphthalmia Ab-1
(C5, MS-771-P0) was obtained from NeoMarkers (Fremont,
CA, USA). B-catenin (610154) was from BD Transduction
Laboratories (San Diego, CA, USA). Secondary antibodies
specific for anti-goat IgG (PI-9500), anti-mouse IgG (PI-2000)
and anti-rabbit IgG (PI-1000) were purchased from Vector
Laboratories, Inc. (Burlingame, CA, USA).

Cell culture. BI6F10 mouse melanoma cells (CRL-6475)
were purchased from the American Type Culture Collection
(ATCC; Rockville, MD, USA). The cells were maintained in
DMEM supplemented with 10% (v/v) FBS and 1% penicillin/
streptomycin (10,000 U/ml and 10,000 ug/ml, respectively) in
5% CO, at 37°C The cells were cultured every 3 days until a
maximal passage number of 20 was achieved.

Cell viability assay. The BI6F10 melanoma cells were seeded
in 96-well plates (2x10* cells/well). After 24 h of incubation
at 37°C, the medium was replaced with medium containing
AP736 diluted to the appropriate concentrations. The control
cells were treated with DMSO at a final concentration of 0.1%.
After 24 h, the medium containing the compounds or DMSO
was replaced with medium containing 10% CCK-8 solution.
The cells were then incubated at 37°C for 30 min, and the
absorbance was measured at 450 nm using a spectrophotom-
eter (VersaMax; Molecular Devices, Sunnyvale, CA, USA).
All assays were performed in triplicate. The cytotoxic effect
was expressed as a percentage of cell viability relative to the
untreated control cells. Cell viability was calculated using the
following formula: cell viability (%) = (Ampie/Acontror) X100.

Measurement of melanin content. The release of extracellular
melanin was measured as previously described (40), with a
slight modification. The B16F10 melanoma cells were seeded
overnight in 6-well plates (1x10° cells/well). a-MSH (1 pM)
was then added or BIO for 30 min prior to the addition of
a-MSH. The cells were treated with increasing concentra-
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Figure 1. Structure of AP736.

tions of the compound in phenol red-free DMEM for 3 days.
Subsequently, 200 ml of the medium were then added to
96-well plates, and the optical density of each culture well was
measured at 405 nm using a spectrophotometer. The data were
normalized to the protein content of the cell lysates. The cell
lysates were subsequently processed for determination of the
protein concentration using a BCA Protein Assay kit (Pierce
Biotechnology, Rockford, IL, USA).

Cell-free enzymatic assay for tyrosinase activity. Cell-free
enzymatic assay for tyrosinase activity was carried out as
previously described (41). Tyrosinase activity was assayed as
a function of DOPA oxidase activity. A total of 70 ml of 0.1 M
phosphate buffer (pH 6.8) containing AP736 and kojic acid in
0.1 M phosphate buffer were mixed with 20 ml of 10 pg/ml
mushroom tyrosinase in each well of a 96-well plate, and then
10 ml of 10 mM L-DOPA was added. The absorbance values
at 475 nm were measured every 10 min for at least 1 h using a
spectrophotometer at an incubation temperature of 37°C. The
quantity of dopachrome formed in the reaction mixture was
determined against a blank (solution without enzyme) at 475 nm
in the spectrophotometer. The percentage of tyrosinase activity
was calculated as follows: tyrosinase activity (%) = [(A-B)/
(C-D) x100], where A is the absorbance of the reaction mixture
containing the test sample and mushroom tyrosinase, B is the
absorbance of the blank sample containing the test sample but
no mushroom tyrosinase, C is the absorbance of the reaction
mixture without the test sample and with mushroom tyrosinase,
and D is the absorbance of the well lacking both the test sample
and mushroom tyrosinase (L-DOPA alone).

Assay of cellular tyrosinase activity. The assay for cellular
tyrosinase activity was carried out as previously described (41).
Tyrosinase activity was estimated by measuring the rate of
L-DOPA oxidation. The B16F10 melanoma cells were incu-
bated at a density of 1x10° cells in 6-well plates and treated as
indicated for 3 days in DMEM. The cells were then washed in
ice-cold PBS and lysed in 100 ml of phosphate buffer (0.1 M), pH
6.8, containing 1% (w/v) Triton X-100. The cellular extract was
clarified by centrifugation at 15,000 rpm for 20 min. The tyrosi-
nase substrate, L-DOPA (2 mg/ml), was prepared in the same
lysis buffer. Each extract (200 ml) was then placed in a 96-well
plate, and the enzymatic assay was initiated by the addition of
2 ml of L-DOPA solution at 37°C. The control wells contained
200 ml of the lysis buffer. The absorbance at 405 nm was read
every 10 min, for at least 1 h at 37°C, using a spectrophotometer.
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Tyrosinase activity was calculated using the following formula:
tyrosinase activity (%) = OD ;5 of sample/OD,;5 of control x100.

Western blot analysis. The cells were lysed in cell lysis buffer
[62.5 mM Tris-HCI, pH 6.8, 2% sodium dodecyl sulfate (SDS),
5% p-mercaptoethanol, 2 mM phenylmethylsulfonyl fluoride,
protease inhibitors (Complete™ ; Roche, Mannheim, Germany),
1 mM Na;VO,,50 mM NaF and 10 mM EDTA]. A 20 ug sample
of protein per lane was separated by SDS-polyacrylamide
gel electrophoresis and blotted onto polyvinylidene fluoride
membranes (Millipore, Billerica, MA, USA) which were then
saturated with 5% powdered milk in Tris-buffered saline
containing 0.5% Tween-20 (TBST; Sigma-Aldrich Co.). The
blots were then incubated with the appropriate primary anti-
bodies at a dilution of 1:1,000 or 1:2,000, and further incubated
with horseradish peroxidase-conjugated secondary antibody.
Bound antibodies were detected using enhanced chemilumi-
nescence (Amersham Pharmacia, Piscataway, UK). Images
of the blotted membranes were captured using an LAS-1000
lumino-image analyzer (Fujifilm, Tokyo, Japan). Protein levels
were compared to those of the appropriate loading control, such
as actin or non-phosphorylated protein.

Immunocytochemistry/immunofiuorescence (ICC/IF) assay.
The B16F10 melanoma cells (3x10*) were seeded onto glass
coverslips that were pre-coated with poly-L-lysine (0.01;
Sigma-Aldrich Co.). Following incubation for 24 h, ICC/IF was
performed. The slides were fixed with 4% paraformaldehyde
for 10 min at room temperature. After washing with PBS, the
cells were permeabilized with 0.01% Triton X-100 in PBS or
TBST for 10 min at room temperature and then blocked with
2% bovine serum albumin in PBS for 60 min at room tempera-
ture. The slides were incubated overnight with tyrosinase
antibodies at 4°C. After washing, the slides were incubated
with fluorescein isothiocyanate (FITC)-conjugated secondary
antibody (Santa Cruz Biotechnology, Inc.), mounted using
fluorescent mounting medium with 4',6-diamidino-2-phenyl-
indole (DAPI; Golden Bridge International, Inc., Bothell, WA,
USA). Cell morphology was observed under a DP70 fluores-
cence microscope with DP Controller software (Olympus
Optical Co., Ltd., Tokyo, Japan).

Statistical analysis. Statistical analyses were performed using
SPSS for Windows, version 18.0 (SPSS Inc., Chicago, IL, USA).
The results are expressed as the means + standard deviation.
Data were analyzed by one-way ANOVA, followed by Duncan's
test for multiple comparison. A two-tailed P-value <0.05 was
considered to indicate a statistically significant difference.

Results

Effects of AP736 on BI6F10 melanoma cell viability. In order
to determine whether AP736 inhibits melanogenesis, the
B16F10 melanoma cells were treated with the extract prior to
a-MSH stimulation. However, we first examined the cytotox-
icity of AP736 on B16F10 melanoma cells by CCK-8 assay. The
B16F10 melanoma cells were treated with AP736 at concentra-
tions of 0.1-10 M for 24 h. As shown in Fig. 2, AP736 was
not cytotoxic at concentrations of 0.1 to 3 uM. Accordingly, we
used 0.1-3 uM AP736 in the subsequent experiments.
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Figure 2. Effects of AP736 on B16F10 melanoma cell viability. Cells were
serum-starved for 24 h and then treated with AP736 at concentrations of
0.1-10 uM for 24 h in serum-free medium. Cell viability was determined by
Cell Counting Kit-8 assays. Each determination was made in triplicate, and
the data shown are the means + SD.

Effects of AP736 on melanogenesis in BI6FI10 melanoma
cells. The effects of AP736 on the melanogenesis of BI6F10
melanoma cells were examined. To determine whether AP736
inhibits a-MSH-induced melanin synthesis in BI6F10 mela-
noma cells, we measured a-MSH-induced melanin production
in B16F10 melanoma cells after 3 days of treatment with
AP736 at 1-3 uM. As shown in Fig. 3A, the addition of a-MSH
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increased the amount of melanin in the medium; however,
treatment with AP736 reduced the release of melanin in a dose-
dependent manner. PTU, a well-known tyrosinase inhibitor,
was used as a positive control, as previously described (42).
Melanogenesis is known to be controlled through an
enzymatic cascade that is regulated by tyrosinase (43). Thus,
to investigate the mechanisms of depigmentation by AP736,
we measured tyrosinase activity in both cell-based and cell-
free assay systems. As shown in Fig. 3B, the a-MSH-induced
tyrosinase activity was inhibited in a dose-dependent manner
by AP736 (1-3 uM). We also found that treatment with 3 yuM
AP736 reduced tyrosinase activity. Specifically, compared with
the untreated cells, treatment with AP736 at a concentration
of 3 uM resulted in an approximately 33% inhibition of intra-
cellular tyrosinase in the BI6F10 melanoma cells. A number
of skin-whitening compounds directly inhibit tyrosinase (44).
Thus, to examine the direct effects of AP736 on tyrosinase, we
measured the tyrosinase activity of mushroom tyrosinase in a
cell-free system, as described in the Materials and methods.
AP736 exerted little inhibitory effect on tyrosinase activity;
however, treatment with 100 M kojic acid (a direct inhibitor of
tyrosinase) exerted a strong inhibitory effect (Fig. 3C). These
results indicated that the inhibitory effect of AP736 on melano-
genesis was not due to the direct inhibition of tyrosinase.

Effects of AP736 on pathways of melanogenesis in BI6FI10
melanoma cells. In order to determine whether the inhibitory
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Figure 3. Effects of AP736 on melanogenesis in BI6F10 melanoma cells. Cells were co-cultured with a-melanocyte-stimulating hormone (a-MSH; 1 uM),
AP736 (0.1-10 uM), and phenylthiourea (PTU; 50 uM) for 3 days. (A) Melanin content, (B) tyrosinase activity, and (C) tyrosinase activity in a cell-free system
were measured as described in the Materials and methods. The results shown are the averages of triplicate experiments + SD. “P<0.01, ““P<0.005 versus

a-MSH-treated controls (A and B).
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Figure 4. Effects of AP736 on the protein expression of microphthalmia-associated transcription factor (MITF) and tyrosinase. (A) BI6F10 melanoma cells were
treated with a-melanocyte stimulating hormone (0-MSH; 1 uM) and AP736 (3 uM) for 24-72 h. Whole cell lysates were then subjected to western blot analysis using
antibodies against MITF, tyrosinase, and tyrosinase-related protein-1 (TRP-1). Equal protein loadings were confirmed using anti-actin antibody. (B) The expression
of tyrosinase was confirmed by immunocytochemistry/immunofluorescence (ICC/IF) staining using specific anti-tyrosinase antibodies (green). Corresponding
4'6-diamidino-2-phenylidole (DAPI) nuclear staining (blue) and the merged images are shown. Fluorescence was detected under a fluorescence microscope. The
specimens were photographed using DP Controller software (x200 magnification). The results shown are the averages of triplicate experiments + SD.
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Figure 5. Effects of AP736 on the signal transduction pathways in BI6F10
melanoma cells. After 24 h of serum starvation, BI6F10 melanoma cells were
treated with 3 uM AP736 for the indicated time periods of time. Whole cell
lysates were then subjected to western blot analysis using antibodies against
phospho-specific glycogen synthase kinase 33 (GSK3p), total GSK3p, and
B-catenin. Equal protein loadings were confirmed using GSK3p or actin anti-
body. The results shown are the averages of triplicate experiments.

activity of AP736 is related to pathways of melanogenesis
involving the expression of tyrosinase, TRP-1 and MITF,
the BI6F10 mouse melanoma cells were treated with AP736
prior to stimulation with a-MSH. The resulting cell lysates
were subjected to SDS-PAGE and western blot analysis. As
shown in Fig. 4, the MITF levels were markedly decreased
following treatment with AP736 for 24-72 h, and the tyrosi-
nase and TRP-1 levels also decreased in a time-dependent
manner. These results suggest that AP736 decreases melanin
synthesis through the downregulation of MITF and tyrosinase.

Furthermore, the effects of AP736 on tyrosinase expression in
the cells was confirmed by ICC/IF assay (Fig. 4B). The results
revealed that the level of tyrosinase in the cells was reduced
following treatment with AP736 for 72 h in the presence of
o-MSH.

Effects of AP736 on signal transduction pathways in BI6FI0
melanoma cells. To elucidate the mechanisms underlying the
hypopigmentary effects of AP736, changes in melanogenesis-
related signals induced by AP736 were examined by western
blot analysis in a time-course experiment. AP736 has been
reported to show anti-melanogenic activity in melanocytes
in vitro and in artificial skin equivalents through the inhibition
of key melanogenic enzymes and suppression of the cAMP-
PKA-CREB signaling pathway (45). Thus, we investigated
whether AP736 induces the phosphorylation of GSK3f and
the degradation of (3-catenin. We confirmed that GSK3f
phosphorylation was clearly induced by treatment with 3 yuM
AP736; however, the B-catenin levels were not altered (Fig. 5).

Effects of AP736 on GSK3f phosphorylation and melano-
genesis. The activation of GSK3p has been reported to inhibit
tyrosinase expression (46), which subsequently decreases
cellular melanin synthesis. Therefore, experiments were carried
out to determine whether the AP736-induced phosphorylation of
the GSK3p signaling pathway plays a role in melanin synthesis
in B16F10 melanoma cells treated with AP736 for 6 h in the
presence or absence of BIO, a specific GSK3[ phosphorylation
inhibitor. As shown in Fig. 6A, the cellular melanin content of
the cells co-treated with a-MSH and BIO was higher than that
in the cells treated with a-MSH alone. In addition, this syner-
gistic effect of a-MSH and BIO on the cellular melanin content
was offset by AP736 treatment. We then examined whether BIO
inhibits GSK3p phosphorylation in BI6F10 melanoma cells
and found that BIO does, in fact, inhibit the phosphorylation of
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Figure 6. Effects of AP736 on glycogen synthase kinase 33 (GSK3p) phosphorylation and melanogenesis. (A) BI6F10 melanoma cells were treated with AP736
(3 uM) in the presence or absence of (2'Z,3'E)-6-bromoindirubin-3'-oxime (BIO; 0.7 uM) after adding a-melanocyte stimulating hormone (a-MSH; 1 yM) for
3 days. The melanin content was measured. Each determination was made in triplicate. The data shown represent the means + SD. ““P<0.005 compared with the
AP736-treated group. (B) Cells were cultured with AP736 (3 #M) for 6 h in the presence or absence of BIO (0.7 uM). Whole cell lysates were then subjected to
western blot analysis with antibodies against phospho-specific glycogen synthase kinase 33 (GSK3f) or p-catenin. Equal protein loading was confirmed using

actin antibody. The results shown are the averages of triplicate experiments.

GSK3p in the AP736-treated BI6F10 melanoma cells (Fig. 6B).
These results clearly indicate that GSK3[ phosphorylation is
involved in the inhibition of melanogenesis by AP736.

Discussion

The majority of depigmenting compounds act specifically
to reduce the function of tyrosinase through several mecha-
nisms which include interference with its transcription and/
or glycosylation, enzyme inhibition, reduction of by-products,
and post-transcriptional control. Some compounds inhibit
melanosome transfer from melanocytes to keratinocytes and
accelerate skin turnover (47,48). The exploration of compounds
that act on the inhibition of melanin synthesis would be helpful
in understanding and studying the precise role of the related
signal transduction pathways and their function in melano-
genesis. Thus, in this study, the effects of AP736 on melanin
synthesis and related signaling pathways were investigated
using B16F10 melanoma cells.

This study demonstrates that AP736 is a skin-whitening
compound that acts via the downregulation of tyrosinase,
TRP-1 and MITF expression. The inhibitory effects of AP736
were dose-dependent and did not incur significant cyto-
toxicity (Fig. 2). The AP736-induced decrease in melanin
production was also accompanied by a corresponding decrease
in tyrosinase activity, suggesting a possible mechanism of
AP736 action (Fig. 3). Tyrosinase has been demonstrated to
catalyze the rate-limiting step of melanin biosynthesis, and it
is the primary target of PTU, which is an agent with efficient
depigmenting effects currently used for cosmetic and medical
purposes (49). AP736 markedly inhibited intracellular tyrosi-
nase activity in the a-MSH-stimulated BI6F10 melanoma cells,
as demonstrated by cellular tyrosinase (Fig. 3B). However, as

shown in Fig. 3C, AP736 did not directly inhibit tyrosinase
activity, indicating the involvement of different mechanisms.
These results suggest that the decrease in pigmentation induced
by AP736 may be attributed to its effect on the signaling path-
ways regulating tyrosinase.

For a better understanding of the depigmenting effect of
AP736 and the way in which tyrosinase synthesis is targeted,
western blot analysis was carried out. Our data confirmed that
the MITF, tyrosinase and TRP-1 protein levels were decreased
by AP736 in a time-dependent manner (Fig. 4A). In addition,
the AP736-induced hypopigmentation correlated with reduced
tyrosinase activity (Fig. 3A and B), which could be responsible
for the hypopigmentation of AP736-treated cells. Furthermore,
the effect of AP736 on tyrosinase expression in BI6F10 mela-
noma cells was confirmed by ICC/IF (Fig. 4B). The results
revealed that the tyrosinase level in BI6F10 melanoma cells was
reduced by treatment with AP736 for 72 h in the presence of
a-MSH. To elucidate the mechanisms underlying the hypopig-
mentary effects of AP736, changes in melanogenesis-related
signals induced by AP736 were examined by western blot
analyiss in a time-course experiment (Fig. 5).

MITF expression is also induced by GSK3p inac-
tivation (phosphorylation) and subsequent [3-catenin
accumulation (50,51). By contrast, it has been reported that
activated (dephosphorylated) GSK3[ phosphorylates MITF
at Ser298 in melanoma cells and melanocytes. Furthermore,
the phosphorylation of MITF at Ser298 significantly increases
its ability to bind to the tyrosinase promoter DNA element,
resulting in increased melanin synthesis (23,25,52). Thus, in
this study, we investigated the possible involvement of GSK3[3
in tyrosinase expression. In the GSK33-dependent pathway,
GSK3, which forms a destruction complex with adenomatous
polyposis coli and axin, phosphorylates the N-terminal Ser/Thr
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residues of B-catenin (53), resulting in its degradation through
a ubiquitin-dependent mechanism (54). The N-terminal
Ser/Thr residues of B-catenin are also phosphorylated by
protein kinase C (PKC)a, leading to ubiquitin-dependent
[-catenin degradation (55). In the Siah-dependent pathway,
Siah-1 interacts with the carboxyl terminus of adenomatous
polyposis coli, which recruits the ubiquitination complex and
promotes the degradation of B-catenin (56). In this study, we
found that treatment with a specific GSK3[ pathway inhibitor,
BIO, reversed the AP736-induced hypopigmentation (Fig. 6).
The results of our study also demonstrated that AP736 induced
GSK3p phosphorylation and reduced the MITF protein level.
To the best of our knowledge, this is the first study to demon-
strate the induction of GSK3p phosphorylation by AP736. To
investigate the association between GSK3f phosphorylation
and MITF downregulation, we treated the cells with BIO prior
to treatment with AP736, re-examined the p-GSK3p level, and
found that GSK3p inactivation suppressed melanogenesis in
B16F10 melanoma cells.

In conclusion, in this study, we demonstrated that treat-
ment with AP736 led to GSK3[ phosphorylation, which may
have reduced the binding affinity of MITF and subsequently
decreased the tyrosinase level. Our data suggest that AP736
may prove to be useful as a novel skin-whitening compound by
decreasing the level of tyrosinase.
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