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Inhibitory effects of Stichopus japonicus extract on
melanogenesis of mouse cells via ERK phosphorylation
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Abstract. Stichopus japonicus has been used as a folk medi-
cine and as an ingredient in traditional food in East Asian
countries. In recent years, the bioactive compounds found in
S. japonicus have been reported to possess efficacy in wound
healing and may be of potential use in the cosmeceutical,
pharmaceutical and biomedical industries. Although the
components and their functions require further investigation,
S. japonicus extracts exhibit anti-inflammatory properties, and
may be used for cancer prevention and treatment. Although
several reports have examined different aspects of S. japo-
nicus, the effects of S. japonicus extract on melanogenesis in
the skin has not been reported to date. Therefore the present
study aimed to investigate the effects of S. japonicus extract
on melanogenesis. Treatment with a mixture of S. japonicus
extracts (MSCE) reduced melanin synthesis and tyrosinase
(TYR) activity in mouse melanocyte cells lines, BI6F10 and
Melan-A. In addition, MSCE treatment reduced the protein
expression levels of TYR, tyrosinase-related protein-1 and
tyrosinase-related protein-2. The reduced protein levels may
be the result of decreased microphthalmia-associated tran-
scription factor (MITF) expression, which is an important
regulator of melanogenesis. The reduced expression level of
MITF was associated with delayed phosphorylation of extra-
cellular signal-regulated kinase (ERK) induced by MSCE
treatment. A specific MEK inhibitor, PD98059, significantly
blocked MSCE-mediated inhibition of melanin synthesis. In
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conclusion, these results indicate that MSCE may be useful
as a potential skin-whitening compound in the skin medical
industry.

Introduction

Melanocytes are melanin-producing cells that are located in
the basal layer of the skin epidermis. Melanogenesis is the
physiological process that mediates photoprotection of the skin
from ultraviolet (UV) radiation-induced injury by producing
melanin in the skin and hair (1). However, overexposure to UV
radiation may result in hyperpigmentation disorders, including
melasma, freckles, lentigo, skin wrinkles and skin cancers, all
of which are of medical and cosmetic interest (2-4).

Melanogenesis is regulated by melanogenic enzymes,
including tyrosinase (TYR), tyrosinase-related protein 1
(TRP-1), and tyrosinase related protein 2 (TRP-2) (5). TYR is
the predominant enzyme that catalyzes the rate-limiting phase
of melanogenesis, and the inhibition of this enzyme is a typical
method used to improve pigmentation (6). TYR is crucial for
the regulation of melanin synthesis through the hydroxylation
of tyrosine to 3,4-dihydroxyphenylalanine (DOPA) and the
oxidation of DOPA to dopaquinone (7). Members of the
tyrosinase (TYR) gene family (which includes TYR, TRP-1
and TRP-2) that are responsible for melanin synthesis are
transcriptionally regulated by microphthalmia-associated
transcription factor (MITF), which regulates differentiation,
proliferation and pigmentation of melanocytes. In addition,
mutations in MITF can lead to the abnormal synthesis of
melanin, which results in hyperpigmentation of the skin and
hair (8). For this reason, compounds that inhibit the expression
of MITF may be useful as depigmentation agents (9).

It is well known that various signaling pathways are
involved in regulating melanogenesis. Phosphorylation of
the mitogen-activated protein kinase (MAPK) signaling
pathways lead to a reduction of melanin synthesis in mouse
melanocytes. Several studies suggested that activation/phos-
phorylation of the extracellular signal-regulated kinase (ERK)
and c-Jun N-terminal kinase (JNK) signaling pathways results
in the inhibition of melanogenesis (10,11). This effect has been
attributed to the phosphorylation of MITF at serine 73, which
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results in MITF ubiquitination and degradation (12). Thus, the
activation of ERK and JNK signaling inhibits melanogenesis
by reducing MITF expression and TYR activity.

A number of melanin synthesis inhibitors, including kojic
acid and arbutin, have been the focus of previous studies
and are currently being used as functional bio-cutaneous
compounds for whitening of pigmentary disorders such as
melasma, dark circles and post-inflammatory hyperpigmen-
tation (13). Compounds with possible applications in the
cosmetic industry have been the target of ongoing research
and attention. However, the use of melanogenesis inhibitors is
heavily regulated owing to their clinical side effects, and only
a few of them (such as arbutin and kojic acid) are currently
used commercially (14). Therefore, it would be beneficial to
identify additional effective compounds that may be able to
modulate melanogenesis for use in the medical and cosmetic
industry.

The Korean red sea cucumber Stichopus japonicus is
a marine echinoderm of the Holothuroidea family; it is
consumed in East Asian countries, such as China, Indonesia,
Korea and Japan. For centuries, it has been used as a remedy
for inflammation and to treat illnesses or infections from
viral and bacterial pathogens (15). S. japonicus has also been
used as an effective remedy for treating various internal and
external wounds, including athlete's foot. Several studies have
demonstrated that S. japonicus extracts exhibit a number of
biological properties, such as antioxidant, antifungal, and
immunomodulatory activity (16-18). These extracts have been
revealed to contain lectins, peptides, minerals, vitamins and
various other molecules, including chondroitin sulfates, glyco-
saminoglycan and polysaccharides. These compounds may be
responsible for the powerful wound-repairing abilities, and
anti-inflammatory, antifungal, and antiviral properties (19).
Based on these data, S. japonicus extracts may be an excel-
lent candidate for inclusion in cosmeceutical and skin medical
compounds for treating skin pigmentation disorders including
melasma and post-inflammatory hyperpigmentation (PIH).

However, depigmentation via inhibition of TYR and
melanin synthesis, and the associated molecular mechanism
of the mixture of S. japonicus extracts (MSCE), have not been
examined as a candidate for a skin topical agent to improve
hyperpigmentation. To investigate the mechanistic action of
MSCE in melanin synthesis, the effects of MSCE on melanin
synthesis and TYR expression was investigated. The results
suggested that MSCE treatment inhibited melanogenesis
through the ERK signaling pathway in mouse melanocyte
cells.

Materials and methods

Sample preparation and extraction procedure. Over 1,000 live
specimens of S. japonicus (average body weight 180 g) were
obtained from fishermen on the Korean islands of Sochong
and Daechong. Fresh S. japonicus specimens were divided
into the visceral organs and the body, and were rinsed with
clean water. Subsequently, the body was dried using traditional
salting and drying procedures, which involved drying for 1 day
in the sea breeze, and the visceral organs were frozen at -80
to- 90°C. The dried S. japonicus bodies, which were prepared
at Catholic Kwandong University, International St. Mary's
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Hospital (Incheon, Korea), were ground using a blender and
150 g of the resulting powder was dissolved in 2 liters 65%
ethanol for 2 h at room temperature with continual mixing.
The solution was filtered through cotton and underwent reflux
extraction using a COSMOS-660 Universal Vacuum Extractor
(Kyungseo Machine Co., Incheon, Korea). The extract was
concentrated using an EYELA N-12 Vacuum Evaporator
connected to an EYELA CA-1112 Low-Temperature Water
Circulator (Tokyo Rikakikai Co., Ltd., Tokyo, Japan) prior to
freeze-drying with a TFD-100 Freeze Dryer (ilShinBioBase
Co., Ltd., Gyeonggi-do, Korea) and powdered.

Materials. Mushroom TYR, a-melanocyte stimulating
hormone (a-MSH), L-DOPA, phorbol 12-myristate 13-acetate
(PMA), phenylthiourea (PTU), kojic acid and the MAPK/ERK
kinase inhibitor PD98059 were purchased from Sigma-Aldrich
(Merck KGaA, Darmstadt, Germany). 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),
Roswell Park Memorial Institute (RPMI)-1640 medium, and
penicillin/streptomycin (P/S) were purchased from WelGene,
Inc. (Daegu, Korea). Fetal bovine serum (FBS) was purchased
from Gibco (Thermo Fisher Scientific, Inc., Waltham, MA,
USA). Primary antibodies against ERK (#9102), phosphory-
lated (p)-ERK (#9101), INK (#9252), p-JNK (#9251), p38
(#9212) and p-p38 MAPK (#9211) were purchased from Cell
Signaling Technology, Inc. (Danvers, MA, USA). Antibodies
against TYR (SC-7833), TRP-1 (SC-10443), TRP-2 (SC-74439)
and f-actin (SC-47778) were purchased from Santa Cruz
Biotechnology, Inc. (Dallas, TX, USA). The antibody against
MITF (MAS-14146) was purchased from NeoMarkers, Inc.
(Portsmouth, NH, USA). Secondary antibodies specific for
horseradish peroxidase (HRP) goat anti-rabbit immunoglob-
ulin (Ig)G (cat. no. PI-1000), HRP horse anti-mouse IgG (cat.
no. PI-2000), and HRP horse anti-goat IgG (cat. no. PI-9500)
were purchased from Vector Laboratories, Inc. (Burlingame,
CA, USA).

Cell culture. BI6F10 mouse melanoma cells were purchased
from the American Type Culture Collection (Manassas, VA,
USA). Cells were cultured in DMEM containing 10% FBS
and 1% P/S in 5% CO, at 37°C. Melan-A immortalized mouse
melanocytes were obtained from Professor Dorothy C. Bennett
(St. George's, University of London, London, UK) (20) and
were cultured in RPMI-1640 medium containing 10% FBS,
1% P/S, and 200 nM PMA in 10% CO, at 37°C.

Cell viability assay. The mouse cells were seeded
(1x10* cells/well) in 96-well plates and incubated at 37°C.
Following a 24 h incubation, the cells were washed with DPBS
(WelGene, Inc., Daegu, Korea) and replaced with DMEM
(B16F10 cells) or RPMI1640 (Melan-A cells), containing
MSCE diluted to various concentrations at 0-100%. Following
24 h at 37°C, the cells were washed with DPBS, and DMEM
(B16F10 cells) or RPMI1640 (Melan-A cells) containing
10% CCK-8 solution was added. The cells were then incubated
at room temperature and the absorbance was measured at
450 nm using a microplate reader (SpectraMax 340; Molecular
Devices, LLC, Sunnyvale, CA, USA).
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Mushroom TYR activity assay. A mushroom TYR activity
assay was assessed by measuring DOPA oxidase activity
using a slightly modified experimental protocol from a
previous study (21). Briefly, 95 ul of 0.1 M sodium phosphate
buffer (pH 6.5) containing the indicated concentrations of
kojic acid (50 yM) and MSCE, and 20 ul of mushroom TYR
(1,000 U/ml) were combined in each well, and 20 ul of 5 mM
L-DOPA was then added. The absorbance was measured
at 475 nm every 10 min for 1 h using a microplate reader
(SpectraMax 340; Molecular Devices, LLC, Sunnyvale, CA,
USA).

Melanin assay. B16F10 cells characteristically release
melanin, which was measured with slight modifications to a
previously described protocol (22). Briefly, cells were seeded
(1x10° cells/well) in 6-well plates. Following 24 h at 37°C, the
plates were washed with DPBS and the media was replaced
with phenol red-free DMEM containing a-MSH (1 M), or
PD98059 (10 yM) for 30 min at 37°C followed by a-MSH
and MSCE treatment as aforementioned. The cells were
subsequently incubated for 3 days. Absorbance was measured
in the cell culture supernatant at 405 nm using a microplate
reader (SpectraMax 340; Molecular Devices, LLC, Sunnyvale,
CA, USA). PTU is an inhibitor of melanin synthesis, and this
compound was employed as a positive control; BF16F10 cells
were treated with PTU (50 xM) for 3 days at 37°C in place of
MSCE.

Melan-A cells were seeded (5x10° cells/well) in 24-well
plates. Following 24 h incubation, the plates were washed
with DPBS, and then RPMI1640 containing the indicated
concentrations of MSCE or PD98059 (pretreated for 30 min
at 37°C, prior to MSCE treatment) was added. The plates were
subsequently incubated at 37°C for 3 days. Cells were lysed in
110 pl of 1 N NaOH at 55°C for 15 min, and the absorbance was
measured at 470 nm using a microplate reader (SpectraMax
340; Molecular Devices, LLC, Sunnyvale, CA, USA). All
results were normalized to the total protein concentration of
the cell pellet using a Bicinchoninic Acid Assay kit (Pierce;
Thermo Fisher Scientific, Inc.).

Western blot analysis. Cells were cultured in a 100 mm dish
and treated as aforementioned for 0-720 min. Cells were
lysed using a cell lysis buffer [62.5 mM Tris-HCI (pH 6.8),
2% SDS, 5% [-mercaptoethanol, 2 mM phenylmethylsulfonyl
fluoride, Complete Protease Inhibitors (Roche Diagnostics
GmbH, Mannheim, Germany), | mM Na;VO,, 50 mM NaF
and 10 mM EDTA] and centrifuged at 13,000 x g for 20 min
at 4°C. Equal amounts (20 ug) of protein were separated by
SDS-PAGE (8-12%) and transferred onto a polyvinylidene
fluoride membrane (EMD Millipore, Billerica, MA, USA).
Following blocking with 5% skim milk for 2 h at room tempe-
rature, the membranes were probed with primary antibodies
(1:1,000) for 24 h at 4°C and then incubated with horseradish
peroxidase-conjugated secondary antibodies (1:1,000)
for 3 h at room temperature. Following washing in TBS-
0.1% Tween-20 (TBS-T) buffer, hybridized antibodies were
detected using an Enhanced Chemiluminescence detection
kit (Amersham; GE Healthcare Life Sciences, Chalfont, UK)
and images were captured using an LAS-1000 Lumino-image
Analyzer (Fujifilm, Tokyo, Japan).
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Immunocytochemistry. Cells were seeded (1x10° cells/well)
onto glass coverslips pre-coated with poly-L-lysine
(Sigma-Aldrich; Merck KGaA) and incubated for 24 h at 4°C.
Slides were fixed with 4% paraformaldehyde for 15 min at
room temperature. Following washing with PBS, cells were
treated with 0.01% Triton X-100 (Sigma-Aldrich; Merck
KGaA) and then blocked with 2% bovine serum albumin
(Merck KGaA) in TBS-T for 1 h at room temperature. The
cells were incubated with an anti-TYR antibody (1:100) at 4°C
overnight. Following washing with TBS-T + 0.1% Tween-20
buffer, cells were incubated for 3 h at 4°C with goat anti-rabbit
IgG-fluorescein isothiocyanate secondary antibodies (1:1,000;
SC-2012, Santa Cruz Biotechnology, Inc.) and mounted with
fluorescent mounting medium containing DAPI (Golden Bridge
International, Inc., Bothell, WA, USA). Cell morphology was
observed using a FluoView FV10i fluorescence microscope
and a DP70 Digital Microscope Camera (both from Olympus
Corporation, Tokyo, Japan). Images were processed using the
proprietary DP70 Controller software (Ver.03.03; Olympus
Corporation).

Statistical analysis. Statistical analyses were performed
using SPSS 18.0 (SPSS, Inc., Chicago, IL, USA). There were
three replicates for each of the data measurements. Results
are presented as the mean + standard deviation. Data were
analyzed by one-way analysis of variance, followed by Tukey's
multiple comparison tests. P<0.05 was considered to indicate a
statistically significant difference.

Results

Effects of MSCE on mouse melanocyte cell viability. First,
a CCK-8 assay was performed to evaluate the cytotoxicity
of MSCE on B16F10 mouse melanoma cells and Melan-A
normal mouse melanocytes. Cells were treated with MSCE at
a concentration range of 0-100%. As demonstrated in Fig. 1,
there was no detectable cytotoxicity at concentrations ranging
from 0.78-6.25%. Therefore, the MSCE concentration range of
1.25-5% was used for the subsequent experiments.

Effects of MSCE on melanogenesis in BI6F10 and Melan-A
cells. The effects of MSCE treatment on melanogenesis in
mouse cells were examined. To determine whether MSCE
inhibits melanin production in mouse cells, melanin content
was measured following 3 days treatment with MSCE at
concentrations of 1.25-5%. In cells treated with a-MSH,
melanin levels in the media increased compared with untreated
cells, due to an induction of melanogenesis (Fig. 2A). However,
cells co-treated MSCE exhibited a dose-dependent reduc-
tion in melanin pigmentation in BI6F10 and Melan-A cells,
compared with cells treated with a-MSH alone (Fig. 2A). PTU,
a well-known TYR inhibitor (4), was used as a positive control;
PTU treatment inhibited melanin pigmentation compared with
cells treated with a-MSH alone (Fig. 2A).

Melanogenesis is regulated by an enzymatic cascade that
is under the control of TYR (23). For this reason, various
compounds that have been developed for skin-whitening
purposes directly inhibit TYR (24). The effect of MSCE on
TYR activity was examined using a mushroom TYR activity
assay. Treatment with 50 M kojic acid, a direct inhibitor of
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Figure 1. Effects of MSCE treatment on mouse melanocyte cell viability. (A) BI6F10 mouse melanoma cells and (B) Melan-A mouse melanocytes were treated
with MSCE at concentrations ranging from 0-100% for 24 h in serum-free media. Cell viability was then measured by Cell Counting Kit-8 assay. Each experi-
ment was conducted in triplicate and the data are presented as the mean + standard deviation. MSCE, mixed Stichopus japonicus extract.
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Figure 2. Effects of MSCE treatment on melanogenesis in mouse melanocyte cells. (A) BI6F10 mouse melanoma and melan-A mouse melanocyte cells were
incubated with MSCE (1.25-5%) or PTU (50 uM) for 3 days, and melanin content was measured. BI6F10 cells were additionally induced towards melanogen-
esis with 1 M a-MSH. (B) Mushroom TYR activity was measured in the presence of MSCE (0-100%). Kojic acid, a known inhibitor of TYR activity, was used
as a positive control. Each experiment was conducted in triplicate and the data are presented as the mean + standard deviation. ““P<0.001 vs. a-MSH-treated
BI16F10 cells or untreated Melan-A cells. a-MSH, a-melanocyte stimulating hormone; MSCE, mixed Stichopus japonicus extract; PTU, phenylthiourea; TYR,

tyrosinase.

TYR that was used in this assay as a positive control, resulted
in significant inhibition of TYR activity (Fig. 2B). However,
treatment with various concentrations of MSCE did not inhibit
mushroom TYR activity (Fig. 2B). These results demonstrated
that the inhibitory effect of MSCE on melanogenesis was not
mediated by the direct inhibition of TYR.

Effects of MSCE on melanogenesis signaling pathways in
BI6F10 and Melan-A cells. To investigate whether the inhibi-
tory effect of MSCE is related to the melanogenesis signaling

pathways, mouse cells were treated with a-MSH and/or MSCE,
and the protein expression levels of TYR, TRP-1, TRP-2 and
MITF was examined by western blotting. As demonstrated
in Fig. 3A, the protein expression levels of TYR, TRP-1 and
TRP-2 were reduced following co-treatment with MSCE for
24,48 or 72 h, compared with the a-MSH-treated group in
B16F10 cells. In addition, MITF protein expression levels
were reduced in a time-dependent manner compared with the
a-MSH-treated group in B16F10 cells (Fig. 3A). These results
indicated that MSCE treatment inhibited melanin production
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Figure 3. Effects of MSCE on melanogenesis-related proteins. BI6F10 mouse melanoma cells (left panels) and Melan-A mouse normal melanocytes (right
panels) were treated with MSCE (5%) for 24, 48 or 72 h. BI6F10 cells were additionally induced towards melanogenesis with 1 uM o-MSH. (A) Cell lysates
were analyzed by western blotting for TYR, TRP-1, TRP-2 and MITF protein expression. B-actin was used as loading control. (B) Expression of TYR was
also examined by immunocytochemical staining. Representative images of (C) BI6F10 cells and (D) Melan-A melanocytes from experiments performed in
triplicate depict TYR expression (green), nuclear DAPI staining (blue) and merged signals (magnification, x200). a-MSH, a-melanocyte stimulating hormone;
MITF, microphthalmia-associated transcription factor; MSCE, mixed Stichopus japonicus extract; TRP, tyrosinase related protein; TYR, tyrosinase.

through the reduction of MITF and TYR expression levels.
The inhibitory effect of MSCE on TYR expression in the
mouse cell lines was confirmed by immunocytochemistry.
The results indicated that TYR levels were reduced following
MSCE treatment for 72 h, compared with the a-MSH-treated
group in B16F10 cells and with the untreated group in Melan-A
cells (Fig. 3B).

Effects of MSCE on signal transduction pathways in mouse
cells. In an attempt to identify the underlying mechanisms
involved in the MSCE-mediated cell depigmentation, the
effects of MSCE treatment (5%) on the activation of ERK,
JNK and p38 MAPKSs were examined by western blot analysis.
In B16F10 cells treated with MSCE for up to 720 min, ERK
and JNK phosphorylation was greatly increased at the 30 and
60 min time points, respectively (Fig. 4A). By contrast, p38
phosphorylation increased in expression slightly (Fig. 4A). In
Melan-A cells, ERK phosphorylation was notably increased at
10 min following MSCE treatment, whereas p38 phosphoryla-
tion was slightly increased at 120 min. However, no change to
JNK levels (Fig. 4B). To determine the possible involvement
of p38 and JNK signaling on the MSCE-mediated inhibitory
effect, cells were treated with the JNK and p38 inhibitors

(SP600125 and SB203580, respectively) and melanin produc-
tion was analyzed following MSCE treatment. The results
revealed no effect of the inhibitors on melanin production
following MSCE treatment (data not shown).

Effects of MSCE on melanogenesis and ERK phosphoryla-
tion. The phosphorylation of ERK has been reported to
inhibit TYR expression, which subsequently reduces cellular
melanin production (25). Therefore, the present study exam-
ined whether the MSCE-induced activation of the ERK
signaling pathway may be important for the MSCE-mediated
inhibition of melanin production in BI6F10 and Melan-A
cells. For this purpose, mouse melanocyte cells were
treated with MSCE for 30 min in the presence or absence
of PD98059, a MEK inhibitor. As demonstrated in Fig. 5A,
the melanin contents of BI6F10 cells co-treated with a-MSH
and PD98059 were higher compared with cells treated with
a-MSH alone. Melan-A cells treated with PD98059 did not
demonstrate any significant difference in melanin levels (data
not shown). This synergistic effect of a-MSH and PD98059 on
melanin content was reduced by MSCE treatment (Fig. 5A).
The effects of PD98059 treatment on MSCE-induced ERK
phosphorylation was examined by western blotting, which
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Figure 4. Effects of MSCE on signal transduction pathways in mouse melanocyte cells. Following 24 h of serum starvation, (A) BI6F10 mouse melanoma cells
and (B) Melan-A mouse normal melanocytes were treated with 5% MSCE for the indicated time periods. Cell lysates were harvested for western blot analysis
using primary antibodies against p-ERK, t-ERK, p-JNK, t-JNK, p-p38 and t-p38; -actin was used as the loading control. The results are representative of
triplicate experiments. a-MSH, a-melanocyte stimulating hormone; ERK, extracellular signal-regulated kinase; JNK, c-Jun N-terminal kinase; MSCE, mixed

Stichopus japonicus extract; p, phosphorylated; p38, mitogen-activated protein kinase 14; t, total.
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Figure 5. Effects of MSCE on ERK phosphorylation and melanogenesis. (A) BI6F10 mouse melanoma cells were treated with 5% MSCE in the presence or
absence of PD98059 (10 M) after addition of a-MSH (1 #M) for 3 days, and melanin content was measured. Results are presented as the mean + standard
deviation and each experiment was performed in triplicate. “P<0.01. (B) B16F10 cells and Melan-A mouse normal melanocytes were treated with MSCE (5%)
for 30 min in the presence or absence of PD98059 (10 zM). Cell lysates were analyzed by western blot for p-ERK and t-ERK. -actin was used as the loading
control. The results are representative of triplicate experiments. a-MSH, a-melanocyte stimulating hormone; ERK, extracellular signal-regulated kinase;
MSCE, mixed Stichopus japonicus extract; p, phosphorylated; PD98059, MEK inhibitor; t, total.

revealed a reduction of ERK phosphorylation levels in the
MSCE-treated mouse cells following PD98059 addition
(Fig. 5B). These results indicated that ERK phosphorylation
may be involved in the MSCE-mediated reduction of mela-
nogenesis.

Discussion

Pigmentary disorders, including melasma, lentigo, post-inflam-
matory hyperpigmentation and dark circles, are associated
with abnormal regulations of melanin synthesis or melanosome
transfer (26). These disorders irregularly darken the skin of
patients, and may cause discomfort or nervousness in everyday
life. Several depigmentation compounds have been created and
have both medical and clinical applications in skin. However,
many of these compounds produce toxic and unwanted side
effects owing to the inclusion of potentially harmful ingredi-
ents, such as mercury and high levels of hydroquinone (27). For

this reason, research has been focused on the development of
safe and effective alternative whitening compounds. Various
natural products originating from marine organisms and plants
have been investigated for effects on pigmentation, including
TYR, TRP-1 and TRP-2 expression, and are used as traditional
whitening compounds (28). The present study demonstrated
the inhibitory effects of MSCE on melanin synthesis in BI6F10
and Melan-A cells and its underlying mechanism.

Yoon et al (29) previously reported an effect of sea
cucumber on the expression of several melanogenic proteins,
including TYR, TRP-1, TRP-2 and MITF. Furthering this
research, the present study investigated the mechanism of
MSCE as a novel skin-whitening compound. The results
further established that MSCE functions via the inhibition of
TYR, TRP-1, TRP-2 and MITF protein expression. The effects
of MSCE were dose-dependent and did not produce any
critical cytotoxicity at doses between 1.25 and 5% that were
used for the melanogenesis assays. TYR has been reported to
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catalyze the rate-limiting phase of melanin synthesis, and it
is the first target of PTU, a compound with important depig-
mentation effects that was recently employed for medical and
cosmetic purposes (30). MSCE treatment did not significantly
alter TYR activity when tested on mushroom TYR; however,
MSCE treatment did significantly decrease melanin synthesis
in B16F10 and Melan-A cells in a dose-dependent manner.
These results suggested that MSCE did not directly inhibit
TYR activity, indicating that the effects may be a result of
indirect mechanisms. Thus, the MSCE-induced depigmenta-
tion may be the result of inhibitory effects on the signaling
pathways controlling TYR expression.

To understand the results of the present study, the
mechanisms involved in MSCE-mediated melanogenesis
inhibition were investigated. Western blot analysis of
melanogenesis-related proteins was performed, and the
results suggested that MSCE treatment reduced the protein
expression levels of TYR, TRP-1, TRP-2 and MITF in a
time-dependent manner. In addition, MSCE treatment reduced
the melanin content compared with untreated cells. The
effects of MSCE on TYR expression, which regulates melanin
synthesis in BI6F10 and Melan-A cells, were confirmed using
immunocytochemical analysis. The results indicated that the
TYR protein expression levels in BI6F10 cells and Melan-A
cells were reduced following treatment with MSCE for 72 h
compared with untreated cells.

The MAPKSs, including ERK, JNK and p38 MAPK, are
important in regulating melanogenesis (31). To explain the
mechanisms underlying the depigmentation effects of MSCE
treatment, changes to the activation/phosphorylation of
ERK, JNK and p38 MAPK were examined in a time-course
MSCE treatment experiment using western blot analysis for
0-720 min. The results demonstrated that the phosphoryla-
tion of ERK was significantly increased and phosphorylation
of INK was slightly increased following MSCE treatment
compared with untreated cells; however, p38 MAPK phos-
phorylation remained unchanged. These findings suggested
that MSCE-induced depigmentation in BI6F10 and Melan-A
cells may occur through MAPK-regulated signaling pathways.
To identify which MAPKs may be mediating MSCE-induced
melanogenesis inhibition, BI6F10 and Melan-A cells were
analyzed in the presence of SB203580, a p38 inhibitor, and
PDO98059, a specific MEK inhibitor. Although SB203580 had
no effect in melanin production (data not shown), PD98059
markedly increased MSCE-suppressed melanin contents in
BI16F10 cells. In addition, the PD98059-induced suppression
of p-ERK expression was reversed by MSCE treatment in
o-MSH-treated B16F10 and Melan-A cells. Notably, it has
previously been reported that ERK is an important regulator
of melanogenesis, as ERK phosphorylation induces MITF
activation and its following degradation, and thus, inhibits
melanin synthesis. In addition, the phosphorylation of ERK
inhibits melanin synthesis through the suppression of TYR
expression (32). The effects of MSCE on melanogenesis and
phosphorylation of ERK demonstrated in the present study
are in accordance with the known role of the ERK signaling
pathway in melanin synthesis.

In conclusion, the present study demonstrated that MSCE
treatment led to the phosphorylation of ERK and JNK, which
suppressed the degradation of MITF, TYR, TRP-1, and TRP-2
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in B16F10 and Melan-A cells, subsequently reducing melanin
synthesis. Therefore, the results suggested that MSCE may be
a useful depigmenting compound that may be used in the treat-
ment of unwanted pigmentation conditions and may be a novel
future therapeutic in the medical and cosmetic industries.
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