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N,N,N-trimethyl phytosphingosine-iodide (TMP)
was recently developed as an antitumor agent. We
examined the effects of TMP on melanogenesis and
its related signaling pathways in normal human
melanocytes. Our results showed that melanin is sig-
nificantly reduced in a dose-dependent manner in
both cells following liposomal TMP treatment. We
also investigated changes in the phosphorylation of
extracellular signal-regulated kinase (ERK), which
is related to the degradation of microphthalmia-
associated transcription factor (MITF). Our results
indicated that liposomal TMP treatment leads to the
phosphorylation of ERK, which reduces both MITF
and tyrosinase protein levels. Treatment with
PD98059, an ERK pathway-specific inhibitor,
restored liposomal TMP-induced reductions in mela-
nin, abrogated reductions in tyrosinase activity, and
downregulated MITF and tyrosinase protein. In
conclusion, these results suggest that the inhibitory
effects of TMP on melanogenesis are due to MITF
and tyrosinase downregulation via ERK activation.

Key words: melanogenesis; phytosphingosine; extra-
cellular signal-regulated kinase; microph-
thalmia-associated transcription factor

Melanin is produced by specialized organelles in
melanocytes called melanosomes. In melanosomes,
melanin pigment is synthesized by an enzymatic cas-
cade that is controlled by tyrosinase, tyrosinase-related
protein 1 (TRP-1), and tyrosinase-related protein 2
(TRP-2). Tyrosinase plays critical roles in melanogene-
sis because it catalyzes two rate-limiting steps: (1) the
hydroxylation of tyrosine to 3,4-dihydroxyphenylala-

nine (DOPA), and (2) the oxidation of DOPA to dopa-
quinone.1) While tyrosinase regulates the rate-limiting
steps, TRP-1 and TRP-2 are responsible for modifying
melanin.1) Accordingly, many studies on hypomelano-
genesis focus on tyrosinase activity under specific
conditions. Microphthalmia-associated transcription fac-
tor (MITF) is a major transcriptional regulator of
tyrosinase, TRP-1, and TRP-2.1)

It is well known that melanogenesis is regulated by
balancing a variety of signal transduction pathways,
including cyclic adenosine monophosphate/protein
kinase A (cAMP/PKA), p38 mitogen-activated protein
kinase (p38 MAPK), extracellular signal-regulated
kinase (ERK), and phosphoinositide 3-kinase/Akt
(PI3K/Akt).2–5) Activating ERK signaling downregu-
lates melanogenesis by inhibiting MITF activity.6) Acti-
vating ERK also phosphorylates the Ser73 residue of
MITF by recruiting p300, a transcriptional coactivator.
These processes lead to MITF ubiquitination and pro-
teasome-mediated degradation.7)

Phytosphingosine is structurally similar to sphin-
gosine and a major component of the membranes pro-
duced by plants, fungi, and mammalian tissue.8)

Phytosphingosine demonstrates anticancer effects in
Jurkat cells and NCI-H460, a human non-small cell
lung cancer cell line.9,10) N,N,N-trimethylphytosphin-
gosine-iodide (TMP, Fig. 1) was recently developed as
an antitumor agent.11) TMP is a novel and potent inhi-
bitor of angiogenesis and metastasis in B16F10 murine
melanoma cells and effectively inhibits in vitro cell
migration, tube formation, and the expression of angio-
genic factors.11) Although TMP is an important
molecule in many signaling pathways, no attempts have
been made to investigate the effects of TMP on
melanogenesis. Using liposomes that contain
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sphingosine derivatives and TMP as delivery carriers
has already been proposed.11) Here, we evaluate the
in vitro effects of liposomal TMP (L-TMP) on the reg-
ulation of melanogenesis and examine the association
between ERK phosphorylation and TMP-mediated
hypomelanogenesis.

Materials and methods
Materials. TMP was purchased from Phytos Co.,

Ltd (Suwon, South Korea). Normal human melanocytes
(NHMs) and cell culture reagents were purchased from
Invitrogen (Eugene, OR). Antibodies specific to tyrosi-
nase, ERK, p-ERK, p38, p-p38, PKC-β II (Santa Cruz
Biotechnology, Inc., Santa Cruz, CA), microphthalmia
(NeoMarkers, Fremont, CA), and β-actin (Sigma-
Aldrich; St. Louis, MO) were used. All other chemicals
were purchased from Sigma-Aldrich Co., unless other-
wise indicated.

Preparation of L-TMP. Liposomes containing
TMP were prepared by sonication. Briefly, TMP (10
and 100 µg/mL) and soybean lecithin (20 mg/mL) were
dissolved in ethanol (10%). Poloxamer 407 (0.5%) and
Tween 80 (0.5%) were dissolved in purified water, and
this aqueous solution was slowly added to the ethanol
solution with vigorous vortexing. The mixed solution
was incubated for 30 min by vortexing, and the liposo-
mal solution was then sonicated using a bath-type son-
icator for 30 min. The TMP liposomal solution was
filtered using a 0.22-µm filter.

Cell culture. NHMs were cultured in Medium 254
(M-254) supplemented with human melanocyte growth
supplement. All cultures were fed twice weekly and
incubated at 37 °C in a humidified atmosphere contain-
ing 5% CO2. NHMs were treated with compounds for
120 h before analysis because melanogenesis is a much
longer process in these cells.

Cell viability testing. NHM viability was evaluated
using the WST-1 assay. In brief, 5000 cells/well were

placed in 96-well plates, supplemented with M-254
growth media, and incubated at 37 °C with 5% CO2 for
48 h. Then, the cells were treated with 0.1–10 μg/mL
L-TMP for 48 h. WST-1 reagent (10 μL) was added to
the culture medium, and absorbance was measured at
450 nm using a ELISA microplate reader (Molecular
Devices, Sunnyvale, CA) after 2 h of incubation.

Melanin content assay. Intracellular melanin was
measured as previously described.12) NHMs were
seeded onto 6-well tissue culture plates at densities of
2 × 105 and 5 × 105 cells/well, respectively, incubated
for 24 h, and then treated with α-melanocyte-stimulat-
ing hormone (MSH) (100 nM). NHMs were treated for
120 h with increasing doses ranging between 0.1 and
1 μg/mL L-TMP, respectively. Cells were harvested,
and the cell pellets were resuspended in 1 N NaOH for
30 min at 100 °C. Melanin absorbance at 405 nm was
determined using an ELISA microplate reader. The
specific melanin content was adjusted by the protein
amount. In some studies, cells were treated with ERK
inhibitors (10 μM PD98059) for 30 min prior to the
addition of α-MSH.

Tyrosinase activity. Tyrosinase activity was deter-
mined as previously described with slight modifica-
tions.13) Briefly, L-TMP-treated NHMs were washed
with ice-cold phosphate-buffered saline (PBS) and
lysed with phosphate buffer (pH 6.8) containing 1%
Triton X-100. Cells were then disrupted by freezing
and thawing, and the lysates were obtained by cen-
trifugation at 10,000 g for 5 min. After quantifying the
protein levels and adjusting the concentrations using
lysis buffer, 90 µL of each lysate containing the same
amount of protein was placed in a 96-well plate, and
10 µL of 10 mM L-DOPA was then added to each well.
Following incubation at 37 °C, absorbance was mea-
sured every 10 min for at least 1 h at 475 nm using an
ELISA reader. In some studies, cells were treated with
an ERK inhibitor (10 μM PD98059) for 1 h prior to
the addition of α-MSH. Cell-free tyrosinase activity
was also determined as previously described with slight
modifications.14) A 70-μL volume of phosphate buffer
containing L-TMP (0.1, 0.5, 1, 5, or 10 μg/mL) was
mixed with 20 μL of 10 μg/mL mushroom tyrosinase,
and 10 μL of 10 mM L-DOPA was added. Following
incubation at 37 °C, absorbance was measured at
405 nm.

Measuring protein kinase C (PKC) activity. PKC
activity was assessed using the CycLex® protein kinase
C assay kit (CycLex Co., Nagano, Japan). The assay
procedures were performed according to CycLex®
PKC assay user manual. The PKC inhibitory effects of
TMP on NHMs were measured using various
concentrations of L-TMP (10, 25, 50, and 100 μg/mL).

Western blot analysis. The protein levels of
tyrosinase and MITF in L-TMP-treated NHMs were

Fig. 1. Chemical structure of N,N,N-trimethyl phytosphingosine-io-
dide (TMP).
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determined using Western blot analysis. Cells were
lysed in Pro-prep lysis buffer (Intron, Seongnam,
Korea) using complete protease inhibitor cocktail
(Roche, Mannheim, Germany). Protein concentrations
were determined using the Bradford assay. Twenty
micrograms of protein were separated using sodium
dodecyl sulfate polyacrylamide gel electrophoresis
(SDS–PAGE) and transferred onto nitrocellulose mem-
branes, which were then saturated with 5% skin milk
in tri-buffered saline containing 0.1% Tween 20
(TBST) for 1 h at room temperature. Blots were
incubated with primary antibodies against tyrosinase
(1:500 dilution), MITF (1:1000), ERK (1:1000),
p-ERK (1:1000), p38 MAPK (1:500), p-p38 MAPK
(1:500) and PKC-β II after washing with TBST, and all
blots were also incubated with horseradish peroxidase-
conjugated secondary antibody. Bound antibodies were
detected using an enhanced chemiluminescence assay
(Pierce, Rockford, IL). Membranes were reprobed with
anti-β-actin antibody (diluted 1:5000).

Statistical analysis. The statistical significance of
the differences between groups was assessed using
analysis of variance (ANOVA), followed by the Stu-
dent’s t-test. Here, p < 0.05 is considered statistically
significant.

Results
Effects of L-TMP on cell viability
L-TMP cytotoxicity was evaluated using the WST-1

cell proliferation assay in order to confirm that the
decreased tyrosinase activity and melanin content in the
L-TMP-treated cells were not due to cytotoxic effects.
There were no significant changes in our morphological
assessments of NHMs exposed to 0–5 μg/mL L-TMP
(Fig. 2(A)). According to the results of the WST-1
assay, no significant changes in cell viability were
found at doses between 0 and 5 μg/mL L-TMP.
Accordingly, 0.1–1 μg/mL L-TMP was used in the
NHM experiments (Fig. 2(B)).

Effects of L-TMP on melanin synthesis in NHMs
L-TMP appeared to significantly whiten NHM pellets

(Fig. 3(A)). L-TMP decreased the melanin content in
NHMs (Fig. 3(B)). NHMs treated with 0.1–1 μg/mL
L-TMP exhibited lower pigmentation in comparison with
untreated control cells in a dose-dependent manner. We
also measured melanin content in NHMs that were trea-
ted with arbutin (100 μg/mL). Similar inhibitory effects
on melanogenesis were noted at 0.1 μg/ml L-TMP and
arbutin. At concentrations >0.1 μg/mL, L-TMP caused a
significantly higher reduction in the melanin content in
comparison with arbutin (100 μg/mL).

Fig. 2. Effects of L-TMP on the proliferation of NHMs.
Notes: (A) Morphologic alterations in NHMs exposed to L-TMP. (B) WST-1 cell viability assay. NHMs were treated with 0.1–10 μg/mL

L-TMP for 48 h, and absorbance was measured at 450 nm using a microplate reader. *p < 0.05 vs. control (con).

Fig. 3. Effects of L-TMP on melanogenesis.
Notes: (A) NHM suspensions were photographed after 120 h of

treatment without or with L-TMP. Arbutin (100 μg/mL) was used as
a positive control. (B) Melanin content was measured in NHMs that
were treated with L-TMP for 120 h. Data represent the mean ± SD of
triplicate assays and are expressed as a percentage of control. Arbutin
(100 μg/mL) was used as a positive control. *p < 0.05 in comparison
with the untreated control.
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Effects of L-TMP on tyrosinase activity
Tyrosinase activity was assessed because it regulates

the rate-limiting steps of melanogenesis. As shown in
Fig. 4, we found that tyrosinase activity was decreased
by L-TMP at certain concentrations. NHMs treated
with 0.1–1 μg/mL L-TMP demonstrated significantly
lower tyrosinase activity in comparison with untreated
control cells (Fig. 4(A)). However, treating NHMs with
L-TMP caused less remarkable reductions in tyrosinase
activity than arbutin (100 μg/mL). To exclude the possi-
bility of the direct influence of L-TMP on tyrosinase
activity, we added L-TMP to mushroom tyrosinase and
measured the in vitro tyrosinase activity. L-TMP did
not directly regulate tyrosinase activity (Fig. 4(B)).

Effects of L-TMP on the expression of tyrosinase and
MITF protein in NHMs

To investigate the possible mechanisms responsible
for L-TMP-induced decreases in pigmentation, the inhi-
bitory effects of L-TMP on the expression of MITF
and tyrosinase in NHMs were also examined using
Western blot analysis. As shown in Fig. 5(A), both
MITF and tyrosinase protein expression were reduced
following 120-h treatment with 1 μg/mL L-TMP. These
results suggest that the downregulated expression of
MITF and tyrosinase via L-TMP may be responsible
for reduced melanin production.

Effects of L-TMP on melanogenesis-related signaling
pathways in NHMs

As shown in Fig. 5(B), the phosphorylation of ERK
and p38 MAPK was induced in NHMs after 10 min of
L-TMP treatment (1 μg/mL). These findings suggest
that the inhibitory effects of L-TMP on melanin pro-
duction are related to the phosphorylation of ERK and
p38 kinase.

Effects of L-TMP on PKC activity in NHMs
The expression and activity of PKC was also

assessed because PKC-β activates tyrosinase by phos-
phorylating the serine residues in its cytoplasmic

domain.15,16) As shown in Fig. 5(C), PKC-β protein
expression did not change following a 48-h treatment
with 0–1 μg/mL L-TMP. PKC activity was not altered
by treatment with 0–40 μg/mL L-TMP (Fig. 5(D)).

Inhibiting the ERK pathway using PD98059
abrogates L-TMP-induced hypopigmentation
We also assessed if the ERK pathway-specific inhibi-

tor, PD98059, prevents the L-TMP-induced reduction
in melanin synthesis in NHMs. NHMs were cultured
for 120 h with 1 μg/mL L-TMP in the absence or pres-
ence of 10 μM PD98059. Fig. 6(A) shows that treat-
ment with PD98059 blocked L-TMP-induced ERK
phosphorylation. As shown in Fig. 6(B), cells treated
with L-TMP exhibited lower pigmentation than control
cells, but L-TMP-induced hypopigmentation was
restored by PD98059 pretreatment. Reduced tyrosinase
activity by L-TMP treatment was also restored when
NHMs were treated with PD98059 (Fig. 6(C)). Further-
more, we investigated the expression levels of melano-
genic proteins following PD98059 treatment. We found
that PD98059 prevented L-TMP-induced MITF and
tyrosinase downregulation (Fig. 6(D)). Therefore, our
results suggest that inhibiting melanin synthesis using
L-TMP is due to ERK phosphorylation.

Discussion

In our study, we evaluated the hypopigmentary
effects and impact on melanogenesis-related signaling
pathways of L-TMP treatment. Our findings show that
L-TMP inhibits melanin synthesis by decreasing tyrosi-
nase activity and downregulating MITF and tyrosinase
protein expression. These mechanisms involve the
activation of the ERK pathway via L-TMP.
Sphingolipids and their metabolites—in particular,

ceramide, sphingosine, sphingosine-1-phosphate (S1P),
and phytosphingosine—have been identified as impor-
tant lipid messengers that regulate cellular processes
such as cell proliferation, differentiation, senescence,
and survival.17) Ceramide and its metabolite (sphin-
gosine) demonstrate antiproliferative functions, induc-
ing cell cycle arrest and apoptosis.18) In contrast, S1P,

Fig. 4. Effects of L-TMP on tyrosinase activity. L-TMP suppressed tyrosinase activity in NHMs.
Notes: (A) NHMs were incubated with 0–1 μg/mL L-TMP and 100 nM α-MSH for 120 h. Cellular tyrosinase activity was measured as described

in the Materials and methods section. Arbutin (100 μg/mL) was used as the positive control. (B) Tyrosinase activity in a cell-free system NHMs,
as described in the Materials and methods section. Each measurement was made in triplicate. Data are shown as the means ± SD. *p < 0.05 in
comparison with untreated controls.
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Fig. 5. Effects of L-TMP on melanogenic protein expression and the ERK, p38 and PKC pathways in NHMs.
Notes: (A) NHMs were treated with 1 μg/ml L-TMP for 24–120 h. Cell lysates were assessed using Western blot analysis using antibodies against

MITF and tyrosinase. The β-actin antibody was used as a control for equal protein loading. (B) NHMs were serum-starved for 24 h and stimulated with
1 μg/mL L-TMP at the indicated times. Cell lysates were then assessed using Western blot analysis using antibodies against phospho-specific ERK
and phospho-specific p38. The β-actin antibody was used as a control for equal protein loading. (C) NHMs were treated with 0.1 or 1 μg/mL L-TMP
for 48 h. The PKC-β II level was determined using Western blot analysis, and β-actin was used as the loading control. (D) PKC activity was measured
in NHMs using various concentrations of L-TMP (10, 25, 50, and 100 μg/mL), as described in the Materials and methods section.

Fig. 6. Effects of ERK inhibitor (PD98059) on the L-TMP-induced downregulation of melanogenesis.
Notes: (A) Cells were pretreated with 10 μM PD98059 for 30 min and then cultured with 1 μg/mL L-TMP for 120 h. The level of phospho-

specific ERK was determined using Western blot analysis. Equal protein loading was confirmed by incubation with the β-actin antibody. (B) Cells
were cultured with 1 μg/mL L-TMP for 120 h in the absence or presence of 10 μM PD98059. Melanin content was also measured. Values represent
the means of three independent experiments ± SD. *p < 0.05 in comparison with the untreated control. (C) Tyrosinase activity was also measured.
Values represent the means of three independent experiments ± SD. *p < 0.05 in comparison with untreated controls. (D) Cell lysates were sub-
jected to Western blot analysis using antibodies against MITF and tyrosinase. The β-actin antibody was used as a control for equal protein loading.
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which is produced by the phosphorylation of sphin-
gosine by sphingosine kinase-1 (SK-1), induces cell
growth and inhibits ceramide-mediated apoptosis.19)

SK-1 increases the antiapoptotic molecule S1P, reduces
ceramide, and is considered an important regulator of
ceramide/S1P balance. Sphingosine acts as a nega-
tive modulator of protein kinase C (PKC), including
SK-1.20) Interestingly, N,N,N-trimethylsphigosine has
demonstrated much stronger inhibitory effects on PKC
activity than N,N-dimethylsphingosine and unsubsti-
tuted sphingosine.21)

Phytosphingosine is structurally similar to sphin-
gosine and ceramide, but differs because phytosphin-
gosine has a hydroxyl group at C-4 of the sphingoid
long-chain base, whereas sphingosine and ceramide
both contain a trans double bond between C-4 and
C-5.9) Synthetic phytosphingosine derivatives, such as
N-monomethylphytosphingosine and N,N-dimethylphy-
tosphingosine, demonstrate cytotoxic effects by inhibit-
ing sphingosine kinase-1.22) In addition to its anticancer
effects, phytosphingosine stimulates the differentiation
of human keratinocytes and inhibits inflammatory
epidermal hyperplasia in the skin of hairless mice.23)

Phytosphingosine also activates the transcriptional
activity of peroxisome proliferator-activated receptors
(PPARs), which play important roles in skin barrier
homeostasis and epidermal differentiation.23)

Sphingolipids and its metabolites regulate the growth
and melanogenesis of human melanocytes. Ceramide,
S1P, and sphingosylphosphorylcholine decrease
melanogenesis and reduce melanin synthesis by down-
regulating tyrosinase expression.24) In addition to the
effects on melanogenesis, sphingolipid metabolites also
contribute to cell survival. S1P has been shown to pro-
tect melanocytes from UVB-induced apoptosis.25)

These findings suggest that sphingolipid metabolites
are involved in the regulation of melanocyte survival
and melanogenesis.

The effects of TMP on the growth and melanogene-
sis of human melanocytes remain unknown. Although
TMP is a sphingosine structural analog, the effects of
TMP on melanogenesis have not been elucidated. Here,
we determined the effects of TMP on melanin synthesis
and tyrosinase activity using NHMs. We found that
TMP inhibits melanin synthesis and TMP-induced
hypomelanogenesis is associated with decreased MITF
and tyrosinase protein levels, which are critical to
melanogenesis processes. Therefore, reduced MITF and
tyrosinase levels and activity may be responsible for
reduced melanin synthesis in TMP-treated cells. It has
already been demonstrated that when liposomes are
used to deliver drugs, the side effects of these agents
are reduced and their activities are enhanced.26)

Ceramide, S1P, and other sphingolipid metabolites
decrease MITF expression through ERK activation and
thereby reduce melanogenesis.6,25,27) It has also been
suggested that ERK plays a significant role in melano-
genic processes. While ERK-dependent phosphoryla-
tion of MITF increases the transcriptional activity of
the MITF protein, it has also been reported that sus-
tained ERK activation induces MITF phosphorylation
at serine 73 following proteasomal degradation, which
thereby reduces tyrosinase protein and melanogene-
sis.6,7) Therefore, we examined the phosphorylation

status of ERK in L-TMP-treated cells. ERK activation
was induced by L-TMP treatment, and PD98059, an
ERK inhibitor, abrogated L-TMP-induced melanin
reduction and prevented MITF and tyrosinase downreg-
ulation by L-TMP. These results indicate that L-TMP
inhibits MITF and tyrosinase protein levels through
ERK activation, which results in the inhibition of mela-
nin synthesis. L-TMP also decreased the levels of
MITF and tyrosinase protein. Western blotting analysis
showed that the level of MITF protein, but not the
level of tyrosinase protein, decreased at 72 h after
L-TMP treatment. The level of tyrosinase protein was
decreased at 96 h after L-TMP treatment. This sequen-
tial phenomenon supports the belief that the activity of
tyrosinase is reduced through the degradation of MITF.
Previous studies have shown that activation of p38

MAPK suppresses MITF and tyrosinase activity and
thus inhibits melanin synthesis.28,29) We showed that
L-TMP treatment induces the phosphorylation of not
only ERK, but also p38 MAPK. In our study, the abro-
gating effect of PD98059 on L-TMP-induced suppres-
sion of MITF and tyrosinase activity was weak. This
suggests that, although the inhibitory effects of L-TMP
on melanogenesis are mainly attributed to the phos-
phorylation of ERK, other signaling pathways such as
the p38 MAPK pathway also partially participate in
L-TMP-induced antimelanogenesis.
Sphingosine and its metabolites inhibit PKC, which

is required for tyrosinase activation by phosphorylating
the serine residues of tyrosinase.16,19,21,22,30) PKC is
translocated from the cytoplasm to the membrane,
where it is activated by diacylglycerol to further phos-
phorylate serine/threonine residues on the target pro-
teins. PKC stimulates proliferation and melanogenesis
in melanocytes. The PKC-β isoform regulates human
melanogenesis by activating tyrosinase without affect-
ing tyrosinase expression.15,16) This study shows that
PKC activity and the PKC protein level are not altered
by L-TMP treatment, and these indicate that the inhibi-
tory effects of L-TMP on melanogenesis do not depend
on PKC activity. PKC activity is reduced by high-con-
centration L-TMP treatment (>40 μg/mL), but L-TMP
did not affect the activity of PKC at the doses used in
our experiment (<10 μg/mL).
In summary, based on our current findings, we sug-

gest that L-TMP demonstrates novel antimelanogenic
effects. After treating human melanocytes with L-TMP,
L-TMP was found to significantly inhibit melanin syn-
thesis in a concentration-dependent manner. The find-
ings indicate that TMP is a potent inhibitor of
melanogenesis, and liposomes that contain TMP also
retain these properties while demonstrating reduced
cytotoxicity. We conclude that L-TMP demonstrates
novel hypopigmentary effects by activating the ERK
pathway, which leads to the downregulation of MITF
and tyrosinase expression.
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