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ABSTRACT

Nitric oxide (NO) and the NO/PKG signaling pathway play crucial roles in ultraviolet (UV)-induced mela-
nogenesis, which is known to be related to the induction of tyrosinase. In an attempt to find a novel anti-
melanogenic agent, we synthesized (Z)-5-(2,4-dihydroxybenzylidene)thiazolidine-2,4-dione (MHY498).
The purpose of this study was to investigate the effect of MHY498 on NO levels and on the NO-mediated
signaling pathway using an in vitro model of melanogenesis. MHY498 inhibited 200 M sodium nitro-
prusside (SNP, a NO donor)-induced NO generation, dose-dependently and suppressed tyrosinase activity
and melanin synthesis induced by SNP in B16F10 melanoma cells. To investigate the effect of MHY498 on
NO-mediated signaling pathway, guanosine cyclic 3’,5-monophosphate (cGMP) activities were measured
using a cGMP EIA Kit and western blotting was performed to determine the effects of MHY498 on the
gene expressions of tyrosinase and microphthalmia-associated transcription factor (MITF). The increased
activity of cGMP by SNP was reduced dose-dependently by pretreatment with MHY498. Furthermore,
MHY498 suppressed the expressions of tyrosinase and MITF stimulated by SNP. This study shows that
enhancement of tyrosinase gene expression via the cGMP pathway is a probable primary mechanism
of NO-induced melanogenesis and that the NO-mediated signaling pathway with the expression of MITF
enhances melanogenesis. In addition, MHY498 was found to scavenge NO and to suppress the activity of
the NO-mediated signaling pathway, and thus, to subsequently down-regulate tyrosinase expression and
melanogenesis. This study suggests that MHY498 is a promising anti-melanogenic agent that targets the
NO-induced cGMP signaling pathway.

© 2013 Elsevier Ltd. All rights reserved.
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melanocytes and melanoma cells is a complex process that re-
mains to be elucidated. It has been reported that several melano-
genic factors are released by keratinocytes and other cells
surrounding melanocytes in the skin following exposure to UV.
These melanogenic factors include nitric oxide (NO), adrenocorti-
cotropic hormone (ACTH), a-melanocyte stimulating hormone
(a-MSH),"? endothelin-1 (ET-1)>* prostaglandins,® thymidine
dinucleotide,® and histamine.”

In the mid-1990s, Roméro-Graillet et al. found that the effect of
UV on human melanocyte cultures was similar to that of exoge-
nous NO or an analog of guanosine cyclic 3’,5-monophosphate
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(cGMP), and that melanogenesis was blocked by inhibitors of
cGMP-dependent kinase.’® It was also demonstrated that
UV-irradiated keratinocytes released sufficient NO to induce mela-
nogenesis in keratinocyte/melanocyte co-cultures.!® Furthermore,
in vivo experiments on guinea pigs have shown that the topical
application of N-nitro-i-arginine methyl ester hydrochloride
(.-NAME, a NO synthase inhibitor) inhibits UV-induced melano-
genesis and reduces melanin content and the number of
histochemically DOPA-positive melanocytes.!! Thus, these results
suggested that NO played a crucial role in the induction of
melanogenesis.

NO directly interacts with and activates heme-containing pro-
teins, like guanylate cyclase (GC), which induces the production
of cGMP, and consequently, activates protein kinase G (PKG).!%13
It has also been reported that NO and the cGMP signaling pathway
stimulate the gene expression of tyrosinase.>!* Tyrosinase is the
most well-characterized enzyme which catalyzes the two initial
rate-limiting steps of melanogenesis, that is, the hydroxylation of
L-tyrosine to 1-3,4-dihydroxyphenylalanine (.-DOPA) and the oxi-
dation of .-DOPA to DOPAquinone.'>!® Because of its key role in
melanogenesis, tyrosinase continues to be an attractive target for
research on the biochemistry of melanogenesis and on the man-
agement of hyperpigmentation disorders.

We synthesized (Z)-5-(2,4-dihydroxybenzylidene)thiazolidine-
2,4-dione (MHY498) in the following manner. Piperidine
(0.03 mL, 0.3 mmol) was added to a stirred solution of substituted
2,4-dihydroxybenzaldehyde (200 mg, 1.45 mmol) and thiazoli-
dine-2,4-dione (204 mg, 1.74 mmol) in EtOH (4 mL) and the reac-
tion mixture was refluxed for 24 h (Fig. 1). During reflux,
precipitates were formed, and after cooling, water was added and
the precipitates were filtered off using a Buchner funnel. The filter
cake so obtained was washed with water/ethanol (5:1), and then
subjected to flash silica gel column chromatography using chloro-
form/methanol (10:1) as eluent to give MHY498 (156.1 mg, 45.4%)
as a solid. MHY498 was dissolved in DMSO as a vehicle, and same
volume of DMSO was added to the untreated control groups and
the groups treated with only SNP.

In the present study, we focused on the inhibitory effect of
MHY498 on NO-induced signaling pathway leading anti-melano-
genesis in B16F10 melanoma cells.

NO-scavenging activity of MHY498 was examined in B16F10
melanoma cells. In these cells, MHY498 pretreatment scavenged
NO induced by 200 pM sodium nitroprusside (SNP, a NO donor)
(Fig. 2). The percentage of NO levels in cells treated with
MHY498 was 200.00 £ 10.46% at 0.5 uM, 182.74+11.69% at
4pM, and 172.14+3.89% at 16uM, as compared with
237.84 +4.12% in cells treated with SNP alone and 205.82 + 8.52%
in cells treated with 2-(4-carboxyphenyl)-4,4,5,5-tetramethylimi-
dazoline-1-oxyl-3-oxide (carboxy-PTIO) 16 puM, a well-known NO
scavenger. Furthermore, the NO-scavenging activity of MHY498
was dose-dependent and more potent than that of carboxy-PTIO.

To investigate the effect of MHY498 on NO-induced cGMP pro-
duction, intracellular cGMP levels were measured in the presence
or absence of MHY498. As shown in Figure 3, intracellular cGMP
levels were increased by SNP and these increases were decreased
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Figure 1. Brief scheme of the synthesis of (Z)-5-(2,4-dihydroxybenzylidene)
thiazolidine-2,4-dione (MHY498).
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Figure 2. NO scavenging activity of MHY498 in B16F10 melanoma cells. The
measurement of NO levels was followed by measuring the accumulation of nitrite
in conditioned medium using the Griess assay. B16F10 melanoma cells were treated
with various concentrations of MHY498 (0.5, 4, 16 uM) or 16 uM carboxy-PTIO for
1 h. 200 uM SNP was then added and cells were incubated for 48 h. The result is
expressed as a percentage of the control, and each data is expressed as mean + SE
(n=6). Statistical results were obtained using one-factor ANOVA: **#p <0001
versus untreated control group, ***p <0.001, *p <0.05 versus the group treated with
only SNP, respectively.
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Figure 3. The effect of MHY498 on cGMP content in B16F10 melanoma cells. cGMP
levels were measured using a Cyclic GMP EIA Kit (Cayman Chemical Company).
B16F10 melanoma cells were treated with various concentrations of MHY498 (0.5,
4,16 uM) or 16 uM carboxy-PTIO. After 1 h, 200 uM SNP was then added and cells
were incubated for 30 min. cGMP levels were determined under non-acetylation
conditions according to the manufacturer’s instructions. The result is expressed as a
percentage of the control, and each data is expressed as mean + SE (n = 4). Statistical
results were obtained using one-factor ANOVA: #p <0.05 versus untreated control
group, **p <0.01 versus the group treated with only SNP, respectively.

dose-dependently by MHY498. The percentage levels of cGMP in
cells treated with MHY498 were 176.86 +41.84% at 0.5 uM,
154.01 £ 25.43% at 4 uM, and 83.08 + 13.67% at 16 uM, as com-
pared with untreated controls. Furthermore, the suppressive effect
of 16 tM MHY498 on cGMP production was more potent than that
of 16 uM carboxy-PTIO (83.08 £ 13.67% vs 152.61 + 38.76%). We
believe that these decreased levels of cGMP probably suppress
PKG activity.

As previously mentioned, it has been reported that NO and the
cGMP signaling pathway stimulate the gene expression of tyrosi-
nase.>!* Furthermore, it is known that microphthalmia-associated
transcription factor (MITF) is a transcription factor responsible for
the expression of tyrosinase.!” To elucidate the mechanism where-
by MHY498 reduces NO-induced melanogenesis in B16F10 mela-
noma cells, we measured tyrosinase and MITF protein levels by
Western blot analysis. As shown in Figure 4, the protein expression
levels of tyrosinase and MITF were increased by 200 uM SNP and
reduced dose-dependently by MHY498. These results imply that
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Figure 4. The effect of MHY498 on the expressions of tyrosinase and nuclear MITF.
Protein levels were measured by Western blotting. Samples were resolved on 10%
SDS-PAGE gels and transferred to nitrocellulose membranes. B-Actin and TFIIB
blots were used to ensure equivalent protein loading in cytosolic and nuclear
fractions, respectively.

the decrease in tyrosinase protein levels in BI6F10 melanoma cells
treated with MHY498 can be attributed to blocking of the cGMP-
dependent signaling pathway, which is known to be involved in
the expression of MITF.

It has also been reported that NO facilitates the phosphorylation
of adenosine 3’,5'-cyclic monophosphate (CAMP) response element
binding protein (CREB), which acts as an important transcription
factor in melanogenesis.'® Therefore, we measured the phosphory-
lation levels of CREB in NO-treated B16F10 melanoma cells by
Western blotting. The phosphorylation levels of CREB were in-
creased by SNP, but decreased by carboxy-PTIO and by MHY498,
respectively, at 16 uM. However, at MHY498 concentrations of
0.5 and 4 pM, the phosphorylation levels of CREB were not sub-
stantially changed (Fig. 5). Any significant differences have not
been found in the total CREB levels. These results indicate that
MHY498 affects the phosphorylation of CREB not reducing total
CREB levels. Therefore, we considered that NO-induced tyrosinase
expression was mediated via the cGMP/CREB/MITF signaling path-
way leading to NO-stimulated melanogenesis, and that this process
was blocked by the scavenging of intracellular NO by MHY498.

The cAMP/PKA/CREB pathway stimulated by paracrine o-MSH
is the major melanogenic signal transduction in melanocytes, and
results in the upregulation of tyrosinase.'® However, it is also
known that the NO-induced cGMP/PKG signaling pathway is also
important in melanogenesis. Furthermore, it has been reported
that cGMP inhibited cAMP phosphodiesterase, and that this led
to an increase in the level of cAMP,?° a strong stimulator of mela-
nogenesis.! Thus, cGMP induces the cAMP/PKA signaling pathway
as well as PKG signaling pathway, and both signaling pathways
could be correlated in melanogenesis.

Next, we examined the inhibitory effect of MHY498 on tyrosi-
nase activity in B16F10 melanoma cells treated with SNP. As
shown in Figure 6, SNP stimulated tyrosinase activity in B16F10
melanoma cells, and MHY498 pretreatment inhibited this effect

200uM SNP - + + + + +
carboxy-PTIO(uM) - - 16 - - -
MHY498(uM) - - - 0.5 4 16

Figure 5. The effect of MHY498 on the phosphorylation of CREB. Protein levels
were measured by Western blotting. The samples were resolved on 10% SDS-PAGE
gels and transferred to nitrocellulose membranes. pCREB is the phosphorylated
form of CREB.
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Figure 6. Inhibitory effect of MHY498 on tyrosinase activity in BI6F10 melanoma
cells in the presence of 200 uM SNP. B16F10 melanoma cells were treated with
various concentrations of MHY498 (0.5, 4, 16 uM) or carboxy-PTIO (16, 30 pM).
After 1 h, 200 uM SNP was added and then cells were incubated for 48 h. Tyrosinase
activities were measured using the method described in our previous study.!” The
result is expressed as a percentage of the control, and each data is expressed as
mean * SE (n =5). Statistical results were obtained using one-factor ANOVA: *##p
<0.001 versus untreated control group, **p <0.001 versus the group treated with
only SNP, respectively.

of SNP. Tyrosinase activities in cells treated with MHY498 were
84.85+16.12% at 0.5uM, 6047+531% at 4puM, and
31.79+£5.23% at 16 uM as compared with untreated controls,
whereas in cell treated with SNP alone it was 198.83 + 11.46%.
Tyrosinase activities of carboxy-PTIO were 197.98 £9.23% at
16 uM and 34.33 +5.41% at 30 uM. These results indicate that
MHY498 more potently inhibits tyrosinase activity induced by
NO than carboxy-PTIO.

The inhibitory effect of MHY498 reduced cellular melanin con-
tents in B16F10 melanoma cells (Fig. 7), whereas SNP increased
melanin contents. Furthermore, the melanin contents induced by
SNP were dose-dependently reduced by MHY498 pretreatment.
The percentages of melanin in cells treated with MHY498 were;
151.43+£30.09% at 0.5puM, 11436+4.60% at 4puM, and
100.29 + 6.26% at 16 uM as compared with 282.59 + 47.06% in cells
treated with SNP alone. At concentrations of 16 uM, the percent-
ages of melanin content in cells treated with MHY498 and car-
boxy-PTIO were 100.29 + 6.26% and 173.24 + 10.99%, respectively.
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Figure 7. The effect of MHY498 on the melanin contents of BI6F10 melanoma cells
in the presence of 200 uM SNP. B16F10 melanoma cells were treated with various
concentrations of MHY498 (0.5, 4, 16 pM) or 16 uM carboxy-PTIO. After 1 h,
200 uM SNP was then added and cells were incubated for 48 h. Melanin contents
were determined using a modification of the method described by Bilodeau et al.2®
The result is expressed as a percentage of the control, and each data is expressed as
mean + SE (n=6). Statistical results were obtained by one-factor ANOVA: ###p
<0.001 versus untreated control group, ***p <0.001, **p <0.01, *p <0.05 versus the
group treated with only SNP, respectively.
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These results suggest that MHY498 is a more potent inhibitor of
melanogenesis than carboxy-PTIO.

Although the role of NO in melanogenesis could be significant,
there are limited pharmacological studies that investigate new
compounds targeting NO-induced melanogenesis. In one study,
ascorbic acid was found to modulate UVA-induced melanogene-
sis, which is partially related to the NO system.?? In others,
pycnogenol, a natural extract from pine bark, and proanthocyani-
dins found in persimmon peel partially suppressed melanin bio-
synthesis via NO and ONOO~ scavenging.?>?* In a previous
study conducted in our laboratory, MHY966 (2-bromo-4-(5-chlo-
robenzo[d]thiazol-2-yl)phenol), a new synthetic compound, was
also found to have an inhibitory effect of NO-induced
melanogenesis.?®

In summary, we found that MHY498 has NO scavenging activity
and inhibits cGMP production induced by SNP, a NO donor. Fur-
thermore, MHY498 inhibited the NO-induced gene expressions of
tyrosinase and nuclear MITF, and the phosphorylation of CREB,
which was followed by reductions in tyrosinase activity and cellu-
lar melanin contents. These findings showed that MHY498 sup-
pressed NO production and the NO-mediated signaling pathway,
which lead to inhibit melanogenesis. Although further in vivo study
is needed, our results indicate that MHY498 is a promising candi-
date of pharmacological and cosmetic agent for the treatment of
skin hyperpigmentation.
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