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Abstract

Objectives: The transfer of melanosomes from melanocytes to neighbouring
keratinocytes is critical to protect the skin from the deleterious effects of ultravio-
let A (UVA) and ultraviolet B (UVB) irradiation; however, the initial factor(s) that
stimulates melanosome transfer remains unclear. In this study, we investigated the
induction of retinal-dependent calcium (Ca?*) influx in melanocytes (MCs) by UVA
or UVB irradiation and the effect of transient receptor potential cation channel
subfamily M member 1 (TRPM1) (melastatin1)-related Ca®* influx on melanosome
transfer.

Materials and methods: Primary human epidermal MCs were exposed to physiological
doses of UVB or UVA light and loaded with a calcium indicator Fluo-4 dye. The change
of intracellular calcium of MCs was monitored using a two-photon confocal fluores-
cence microscopy. MCs were co-cultured with human epidermal keratinocytes (KCs)
in the absence or presence of voriconazole (a TRPM1 blocker) or calcium chelators.
MCs were also transfected with TRPM1 siRNA for silencing the expression of TRPM1
gene. The melanosome transfer in the co-cultured cells was quantitatively analysed
using flow cytometry and was further confirmed by immunofluorescent double-
staining. The protein levels and distributions of TRPM1, OPN3 and OPN5 in MCs were
measured by Western blotting or immunofluorescent staining.

Results: The retinal-dependent Ca?* influx of UVA-exposed melanocytes differed
greatly from that of UVB-exposed melanocytes in the timing-phase. The protein ex-
pression of TRPM1 in mono- and co-cultured MCs was dose-dependently up-regulated
by UVA and UVB. TRPM1 siRNA-mediated knockdown and the blockage of TRPM1
channel using a putative antagonist (voriconazole) significantly inhibited melanosome
transfer in co-cultures following UVA or UVB exposure.

Conclusions: The distinct time-phases of Ca2* influx in MCs induced by UVA or UVB
contribute to the consecutive stimulation of melanosome transfer, thereby providing

a potent photoprotection against harmful UV radiation.

Abbreviations: DT, delayed tanning; IPD, immediate pigment darkening; KCs, keratinocytes; MCs, melanocytes; MITF, microphthalmia-associated transcription factor; OPN3, opsin-3; OPNS5,
opsin-5; PBS, phosphate-buffered saline; TRPM1, transient receptor potential cation channel subfamily M member 1; UVA, ultraviolet A; UVB, ultraviolet B.
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1 | INTRODUCTION

In spite of the fact that human skin is considerably photoprotected
against ultraviolet (UV) irradiation, both cell types that reside in the
epidermis, keratinocytes (KCs) and melanocytes (MCs) are highly sen-
sitive to UV-induced DNA damage.r™ As such, MCs play a decisive
role in photoprotection by synthesizing and storing melanin pigments
within membrane-bound organelles termed melanosomes, and by
their transfer of those pigmented organelles from MCs to neighbour-
ing KCs.2>% Following exposure to ultraviolet A (UVA) (280-320 nm)
or ultraviolet B (UVB) (320-400 nm), normal human skin produces a
similar visible skin tan; however, only tans induced by UVB and not
those induced by UVA provide a substantive protection against DNA
damage caused by subsequent UV exposure.””’? Despite much data
currently supporting the assumption that human MCs show an in-
trinsic vulnerability in fighting against photocarcinogenesis following
exposure to UVA,” there is very little known about the exact mech-
anism(s) underlying UV-induced tanning per se. It has been speculated
that UVA causes immediate pigment darkening (IPD) of the skin within
hours via the photo-oxidation and/or re-distribution of existing mela-
nin.'%'2 However, UVB induces delayed tanning (DT) of the skin that
lasts a few weeks, in which de novo melanin synthesis is induced.013
Emerging evidence has demonstrated that retinal-dependent calcium
[Ca?"] influx drives early melanin synthesis in human melanocytes.*
TRPM1 (transient receptor potential cation channel subfamily M
member 1, melastatin-1) is involved in that process.*> In this study,
we investigate the changes of retinal-dependent Ca®* influx in MCs
exposed to UVA or UVB, further examining the effects of TRPM1
siRNA-mediated knockdown or pharmacological blockage of TRPM1

on melanosome transfer.

2 | MATERIALS AND METHODS

2.1 | Cell cultures, co-culture and UVA/UVB
radiation

Primary human epidermal MCs and human epidermal KCs were
isolated from juvenile foreskin tissues (skin phototype III/IV) as
previously described with a minor modification.!” MCs and KCs
were cultured with complete Medium 254 and EpiLife medium
respectively (all from Cascade Biologics, Portland, OR, USA). All
cells used in our experiments were from passages 2 to 4. In some
experiments, HaCaT KCs were also grown in complete EpiLife me-
dium. To establish the co-culture system, primary KCs or HaCaT
KCs were first seeded in six-well culture plates, allowing the cells
to attach the bottom of the wells. MCs were then added on the
surface of the KCs at a ratio of 1:10 or 1:20. The co-cultures were
changed to fresh complete EpilLife medium to keep both types
of cells growing in good condition. To induce melanosome trans-
fer, cells in co-cultures were exposed to UVA or UVB radiation
using a high-dose targeted phototherapy system (Daavlin, Bryan,
OH, USA) with a maximum wavelength at 311 or 350 nm respec-
tively. The dosage of UV radiation used is indicated in the figures.

Cell culture plates were wrapped with aluminium foil for sham-

irradiated controls.

2.2 | Immunofluorescent assay

Primary MCs were seeded in six-well culture plates containing cov-
erslips. After attachment, the cells were irradiated with UVA and/or
UVB at the doses indicated. The cells were immediately fixed in 4%
paraformaldehyde in phosphate-buffered saline (PBS) for 30 minute
at room temperature, permeabilized with 0.3% Triton X-100 in PBS
for 15 minute and then blocked for 1 hour at 37°C using a block-
ing buffer including 10% normal goat serum. The primary antibod-
ies, including anti-TRPM1 (ab72154, Abcam, Cambridge, MA, USA),
anti-OPN3 (SAB4501013, Sigma-Aldrich, St Louis, MO, USA) and
anti-OPN5 (SAB2700204, Sigma-Aldrich), were diluted to 1:200 in
blocking buffer and were placed on the cells at 4°C overnight. After
the incubation, cells on coverslips were washed three times in PBS.
The cells were then incubated with goat anti-rabbit IgG (H + L) con-
jugated with Alexa-488 secondary antibody (Invitrogen, Carisbad,
CA, USA) for 1 hour at 37°C. For immunofluorescent double-staining,
the co-cultured cells were incubated with the mixture of two pri-
mary antibodies, anti-tyrosinase antibody conjugated with PE (goat
1gG, sc-7833PE, Santa Cruz Biotechnology, Santa Cruz, CA, USA)
and anti-pan cytokeratin antibody conjugated with FITC (mouse
1gG, sc-8018FITC, Santa Cruz Biotechnology). Nuclei were stained
using 4'é6'-diamidino-2-phenylindole (DAPI) solution. Imaging was
performed using an FV1200 (Olympus, Tokyo, Japan) confocal

microscope.

2.3 | Calcium imaging

MCs were grown in four-well Lab-Tek chamber slides and were
then incubated for 15 minute at room temperature in Ringer’s so-
lution with 2 pM Fluo-4 (Molecular Probes-Invitrogen, Eugene,
OR, USA) and 250 pM sulfinpyrazone (Sigma-Aldrich), followed by
incubation in the dark for 15 minute with 10 uM all-trans retinal
(Sigma-Aldrich). Imaging was performed in modified Ringer’s extra-
cellular solution containing: 150 mM NaCl, 1.8 mM CaCl,, 1.2 mM
MgCl,, 10 mM D-glucose, 25 mM HEPEs, pH 7.4 and 310 mOsm/L.
The cells were irradiated with UVA or UVB at the doses indicated.
Fluorescence images were acquired every 2 second, and Fluo-4
fluorescence intensities were quantified as AF/F(t) = [Fcell(t) - F

baseline]/F baseline.*®

2.4 | Melanosome transfer assay using flow
cytometry analysis

Co-cultures of MCs and KCs were established and maintained in
complete EpiLife medium.??° Cells in co-culture were treated with
the indicated compounds for 30 minute prior to UVA or UVB ir-
radiation. For the melanosome transfer assay, the cells were har-
vested and washed with cold PBS, fixed in 1% paraformaldehyde
for 10 minute, washed with PBS containing 0.2% Triton X-100 for



HU et AL

(A)

Anti-pan

keratin/FITC &

F

FIGURE 1 Quantitative assessments for
melanosome transfer in MC-KC co-culture.
(A) Human primary MCs and primary KCs
were co-cultured on coverslips at a ratio of
1:10 for 24 h. The co-cultured cells were
incubated with the mixture of two primary
antibodies, including anti-tyrosinase
antibody conjugated with PE and anti-pan
cytokeratin antibody conjugated with
FITC. Cell nuclei were then stained using
DAPI solution. Higher magnifications of
the boxed areas in the middle panel are
shown on the right, white arrows indicate
the representative image of melanosome
transfer that the tyrosinase-positive
particles (red) are existed in cytokeratins-
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positive cells (green). Scale bar: 100 pum.

(B) Flow cytometry assay was performed

to quantitatively analyse melanosome
transfer rate using the same antibodies that

19.0%

were used for immunofluorescent double-
staining. The number of melanosome-
containing KCs was shown in the upper

.m.\qhmu

Anti-tyrosinase/PE

=750

right quadrant. MCs only (in the upper left
quadrant) and KCs only (in the lower right

quadrant) were used as controls

10 minute, and then incubated with primary antibodies for 1 hour
at room temperature. MCs and KCs were immunostained with an
anti-tyrosinase antibody conjugated with PE (sc-7833PE, Santa
Cruz Biotechnology, Santa Cruz, CA, USA) and an anti-pan cy-
tokeratin antibody conjugated with FITC (sc-8018FITC, Santa Cruz
Biotechnology) respectively. Stained cells were analysed by flow
cytometry. A total of 10 000 events were collected on the BD
FACS Calibur Flow Cytometer (BD Biosciences, San Jose, CA, USA)
equipped with CellQuest Pro software for each sample. The per-
centage of cells positive for both cytokeratin and tyrosinase repre-

sents melanosome transfer efficacy.zo'21

2.5 | Real-time quantitative RT-PCR (qPCR) and
RT-PCR

The total RNA was isolated from mono- or/co-cultured cells. PCR was per-
formedintriplicatewithSYBRGreenPCRcorereagents(AppliedBiosystems,
Foster City, CA). About 50 ng of cDNA, 1 pM of forward and reverse prim-
ers for TRPM1 (forward primer 5'-AAATCAATATCCAACCAGGTG-3',
reverse primer 5'-CGATCCCGTTCCTCTTGGTC-3') or (forward primer
5'-TGGCGGATATTCCAATAAAGC-3',reverse primer 5'-GTGGGAGTTG
TTGAGCACAGAG-3')wereusedtoproduceampliconsof176 bpand430 bp,
respectively, forqPCRand RT-PCR. B-actin (ACTB) was used as endogenous
internal control (forward primer 5'-AGCGAGCATCCCCCAAAGTT-3’,
reverse primer 5'-GGGCACGAAGGCTCATCATT-3') with a product
size of 285 bp. Real-time PCR was performed using ABI 7500 and cycle

Anti-pan cytokeratin/FITC

parameters: denaturation at 95°C for 10 minute, followed by 40 cycles
of 95°C for 30 second, 55°C for 30 second and 72°C for 30 second. The
purity of product was checked by dissociation curve analysis as well as
running the samples on 1% agarose gel. Data are shown as Ct values after
normalization with ACTB.

2.6 | siRNA-induced TRPM 1 mRNA knockdown

Small interfering RNA (siRNA) duplexes targeting TRPM1 (Cat#: sc-
43936) and a non-targeting scramble control (Cat#: sc-37007) were
purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA).
MCs were seeded in six-well plates. TRPM1 siRNA or the scram-
ble control reagent was mixed with siRNA transfection medium
(Cat#: sc-36868, Santa Cruz) and dropped onto the cells according
to the manufacturer’s instruction. Efficiency of TRPM1 knockdown
by these siRNAs was tested using RT-PCR and Western blotting

respectively.

2.7 | Western blotting

The cells were harvested and washed in PBS and lysed in extrac-
tion buffer containing 1% Nonidet P-40, 0.01% SDS and a pro-
tease inhibitor cocktail (Roche, Indianapolis, IN, USA). Protein
contents were determined using a BCA assay kit (Pierce, Rockford,
IL, USA). Equal amounts of each protein extract (20 pg per lane)

were resolved using 10% SDS polyacrylamide gel electrophoresis
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(SDS-PAGE). The blotting membranes were incubated with a
primary antibody, or with an anti-tubulin antibody (Santa Cruz

Biotechnology) at a dilution of 1:1000, for 1 hour at room temper-

ature. The following primary antibodies were used: anti-TRPM1
(ab72154, Abcam, 1:1500), anti-OPN3 (SAB4501013, 1:1000,
Sigma-Aldrich) and anti-OPN5 (SAB 2700204, 1:1000, Sigma-

Aldrich). The membranes were then washed and incubated with

+ Retinal - Retinal

FIGURE 2 Ca?'influx profiles of human
MCs in response to ultraviolet A (UVA)
or ultraviolet B (UVB). Human primary
MCs grown in chamber slides were loaded
with 2 pM Fluo-4 AM dye, and cytosolic
Ca®* was monitored using a two-photon
E— confocal microscopy as described in the
_L Materials and Methods. The fluorescence
intensity of Fluo 4-loaded MCs in response
to 3 J/cm? UVA (A-C) or 20 mJ/cm? UVB
‘ (D-F) was recorded in the presence or
absence of 10 uM all-trans retinal. After
exposure to UVA or UVB, the images of
intracellular Ca?* changes in representative
cells (indicated by a white arrow) captured
at a time in A and D (denoted by a, b, and

c) are shown in the bottom panels (C and
F). Changes of fluorescence intensity were
calculated and normalized for 10 cells in
each experiment (A and D). Bar graphs
show the mean of normalized maximum
fluorescence intensities from three
independent experiments with at least 10
cells counted per experiment. #p< .01

+ Retinal - Retinal

horseradish-peroxidase-conjugated anti-rabbit 1gG (Pierce) at a
dilution of 1:2000 for 1 hour at room temperature. Membranes
were then washed again and specific bands were visualized using
a chemiluminescent reaction (ECL; Amersham, Piscataway, NJ,
USA). The intensity of each band was quantified using Image)
software (NIH, Bethesda, MD, USA) and was normalized against
tubulin.

FIGURE 3

Induction of melanosome transfer in MC-KC co-culture by UVA or UVB. Co-cultures of MCs and KCs at a ratio of 1:20 were

established and then exposed to 3 J/cm? UVA or 20 mJ/cm? UVB irradiation (A-C). The cell co-culture plates wrapped with aluminium foil were
used for sham-irradiated control. After 10 or 30 min of post-irradiation, the cells in co-cultures were harvested for flow cytometry analyses, as
described in the Figure 1. Meanwhile, the co-cultured cells were exposed to 5 mJ/cm? UVB or were sequentially exposed to 3 J/cm? UVA and
5 mJ/cm? UVB. After 30 min post-irradiation, the cells were harvested for flow cytometry analysis. Representative fluorescence dot-plots from
flow cytometry analyses are shown in (A and D). Representative images of melanosome transfer are shown in the middle panel (C). The white
circled areas in the images indicate melanosome uptake by KCs. Bar graphs (B and E) show the means + SEM of melanosome transfer efficiency

from three independent experiments. *P < .05, *P < .01
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2.8 | Statistical analysis

Data are expressed as means = SEM. Student’s t test and one-way
analysis of variance (ANOVA) were used to compare the mean
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intensities of Western blot bands and the mean percentages of cells
positive for tyrosinase and pan cytokeratin were assessed by flow cy-

tometry. P < .05 was considered statistically significant. All statistical
analyses were performed using GraphPad Prism (San Diego, CA, USA).
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FIGURE 4 Expression profiles of TRPM1 in mono- and co-cultured MCs in response to UVA or UVB. (A) Human primary MCs were seeded
in six-well plates, the cells were further exposed to UVA (3 J/cm?) or UVB (20 mJ/cm?). The total RNA was isolated from the exposed cells

at various time-points (0, 10, 30, 60 min; 12, 24 h) after UV irradiation. The gPCR was performed for measuring TRPM1 mRNA levels. The
results were normalized to the house-keeping gene ACTB. *P < .05. (2) The mono- and co-cultured MCs were exposed to UVA (0, 3, 10, 30 J/
cmz) or UVB (0, 5, 10, 20 mJ/cmz) radiation. The cells were harvested after 24 h post-irradiation. Protein loading variation was determined by
immunoblotting with an anti-tubulin antibody. Representative blots are shown in (B). The histogram (C) shows the densitometric quantification
of data with means + SEM of three independent experiments. *P < .05. (D) MCs grown on coverslips were immunostained with an anti-TRPM1
antibody, and the slides were counter-stained with DAPI to identify nuclei (blue). Staining was observed using an Olympus FV1200 confocal
fluorescence microscope. White arrows indicate the condensation of TRPM1 protein in the tips of the dendrites of MCs. Scale bar: 200 pm

3 | RESULTS

3.1 | Assessment of melanosome transfer using flow
cytometry combined with immunofluorescent double-
staining

After co-culture for 12 hour, the efficiency of melanosome transfer
was quantitatively measured using flow cytometry.?%?! As shown in
Figure 1B, only 19% + 9% of the cell population was double-labelled
with anti-tyrosinase and anti-pan-keratin antibodies in the co-culture,
indicating that melanosome uptake by KCs was kept at a very low
level without UV irradiation. Considering that cytokeratin 16 has been
reported to express in normal human MCs,?? we also performed an
immunofluorescent double-staining technique using the same anti-
pan cytokeratin antibody to further verify the result of flow cytometry
assay (Figure 1A). It was noteworthy that the primary antibody against
pan cytokeratin only reacted with cytokeratin 4, 5, 6, 8, 10, 13 and 18

according to the manufacture’s instruction.

3.2 | Induction of retinal-dependent Ca?* influx in
MCs by UVA or UVB contributes to the stimulation of
melanosome transfer

The Ca?" influx of MCs in the absence or presence of 10 pM all-trans
retinal following exposure to UVA or UVB was recorded using two-
photon calcium imaging. Figure 2 shows that a single dose of 3 J/
cm? UVA resulted in an early Ca?* influx in MCs (spanning from 5
to 12 minute, with a peak intensity at 7.5 minute) (Figure 2A), while
exposure to 20 mJ/cm? UVB induced a delayed Ca?* influx in MCs
(spanning from 10 to 30 minute, with a peak intensity at 12.5 minute)
(Figure 2D). We also noted that neither wavelength of UV induced a
detectable calcium signal in MCs in the absence of retinal. It is plau-
sible that epidermal KCs per se are able to synthesize all trans-retinal
that is involved in this induction of retinal-dependent Ca®" influx.?®
Next, we evaluated the efficacies of melanosome transfer in MC-KC
co-cultures at two time-points (10 and 30 minute) following UVA/
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UVB irradiation using flow cytometry combined with immunofluores-
cent double-staining. As shown in the Figure 3A, UVA exerted a strong
induction on melanosome transfer at 10 minute post-radiation to
compare with UVB (63.3% + 6.0% vs 54.0 + 4.5, P < .05). In contrast,
at 30 minute post-irradiation, UVA was dramatically lower than UVB
in stimulating melanosome transfer (40.5 + 4.5 vs 63.2 + 4.5, P < .01).
Finally, we examined the effect of sequential exposure of same co-
cultured melanocytes to UVA and UVB on melanosome transfer as
compared to UVB alone. The result (Figure 3D) showed that the se-
quential exposure (3 J/cm? UVA and 5 mJ/cm? UVB) was much more

potent than UVB alone in stimulation on melanosome transfer.

3.3 | TRPM1-related Ca?* influx drives melanosome
transfer following UVA or UVB exposure

TRPM1 (melastatin-1) is found primarily in melanin-producing cells
and regulated by the microphthalmia-associated transcription factor
(MITF)®. First, we determined the mRNA levels of TRPM1 in MCs
at various time-points (0, 10, 30, 60 minute, 12 hour and 24 hour)
after UV irradiation using gPCR technique (Figure 4A). TRPM1 tran-
script was up-regulated at 10 minute following UVA irradiation. The

significant up-regulation of TRPM1 transcript in MCs was noted at
24 hour after both UVA and UVB irradiation. The Western blotting
data also showed that the level of TRPM1 protein was increased in
the mono- and co-cultured melanocytes after UVA (3-30 J/em?) and
UVB (5-20 mJ/cm?) irradiation. In comparison with mono-cultured
cell model, co-culture was much better than mono-cell culture for
inducing TRPM1 protein expression, especially in response to UVB
(Figure 4B). Immunofluorescent staining indicated that an increased
expression of TRPM1 was condensed in the tips of MC dendrites, es-
pecially after UVB radiation (Figure 4D). In addition, we also explored
the potential mechanisms underlying the regulation of TRPM1-related
Ca?" influx on melanosome transfer using a panel of tool compounds,
such as calcium chelators®, a TRPM1 blocker (voriconazole)®*, a G
protein inhibitor (suramin) and a phospholipase C (PLC) antagonist
(U73122).* The intracellular and extracellular Ca?* ions in MC-KC
co-cultures were removed using treatment with 20 pM Bapta-AM
plus 2 uM thapsigargin and with 1.5 mM EGTA respectively.'* As
expected, the efficiencies of melanosome transfer were markedly re-
duced in response to UVA or UVB (Figure 5). It was also evident that
100 pM voriconazole, a potent TRPM1 channel blocker, dramatically
inhibited melanosome transfer in co-cultures exposed to both types
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of UV radiation (Figure 6). Finally, we also examined the roles of G
protein- and PLC-mediated pathways in the regulation of melano-
some transfer. The data showed that UV-induced melanosome trans-
fer was significantly suppressed by treatment with 50 pM suramin and
by 9 uM U73122 (Figure 6).

3.4 | siRNA-induced TRPM1 mRNA knockdown
in co-cultured MCs inhibits melanosome transfer
following UVA or UVB exposure

Human MCs were transfected with TRPM1 siRNA for silencing
TRPM1 mRNA expression, as shown in Figure 7A. The melanosome
transfer was dramatically inhibited in TRPM1 siRNA-transfected MCs
co-cultured with KCs as compared to the scramble control (Figure 7C).
This result indicated that TRPM1 channel protein plays an important
role in the process of melanosome transfer. Based on the observa-
tion that retinal is required for Ca?* influx in UV-exposed MCs,?> we
examined the expression levels of OPN3 and OPNS5, the members of

2527 in mono- and co-cultured MCs ex-

light-sensitive protein family,
posed to UVA or UVB radiation using Western blotting and immuno-
fluorescent staining (Figure S1). The expression level of OPN5 seemed
to increase a little more in a dose-dependent manner in UVB-exposed
cells than in UVA-exposed cells (Figure S1). The observed increase of
OPNS5 protein may partially explain the enhanced retinal-dependent
Ca?* influxes contributing to drive melanosome transfer after UV

radiation.

4 | DISCUSSION

It has been known for decades that the transfer of melanosomes from
MCs to neighbouring KCs and their subsequent distribution through-
out the epidermis are especially critical to protect the skin from the
deleterious effects of UVA and UVB radiation; however, the exact
mechanism involved in the melanosome transfer process has yet to
be clarified.?®3° Over the last few years, several lines of evidence
suggest that two presumptive modes, shedding-phagocytosis and
melanocore exocytosis-endocytosis, might be the dominant mecha-
nism to operate intercellular melanosome transfer.?”%! In this study,
we used a simple flow cytometry-based protocol to analyse the co-
cultured cells with the double-positive immunolabelling using anti-
tyrosinase and anti-pan cytokeratin antibodies, by which to estimate
the melanosome transfer rate. It is worthy to be mentioned that this
protocol we used is unable to score the transfer events that might
have occurred by the melanocore exocytosis-endocytosis mode, in
which the remnants of tyrosinase-positive melanosome membrane
within recipient keratinocytes are possibly absent. Here we show
for the first time that the induction of retinal-dependent Ca?* influx
in MCs by UVA or UVB radiation contributes to the stimulation of
melanosome transfer. In agreement with the previous observation of
Wicks et al,* all-trans retinal is required to evoke such Ca?"influx in
MCs following UV exposure (Figure 2). We have also noted that the
expression level of OPN5, a light-sensitive protein that is bound to
retinal chromophore to behave as a photo-sensor via its trans-to-cis
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isomerization, is induced slightly more in UVB-exposed MCs than in
UVA-exposed MCs, but no significant change of OPN3 was found
in UV-exposed or unexposed MCs (Figure S1). Although the role of
these opsins has not yet concluded, these findings seem to be of
considerable interest.

Our data indicate that the maximum Ca®* influx in MCs is induced
by UVA at 7.5 minute post-exposure, whereas the peak induced by
UVB is at 12.5 minute post-exposure (Figure 2). These distinct re-
sponse profiles of Ca?* influx in MCs to UVA or UVB may provide a
persistent impetus for driving melanosome transfer. A previous study
using whole human genome microarray analyses indicated that only
UVB can stimulate nascent melanin synthesis via the up-regulation
of various pigment-related genes, such as tyrosinase, tyrosinase-
related protein 1 and dopachrome tautomerase, as well as MITF,
but no such increase is elicited by UVA.1® Although the stimulation
of melanosome transfer elicited by UVA is similar to that elicited by
UVB (Figure 3), MCs are unable to provide the sufficient amount of
newly synthesized melanosomes as UVA has little or no stimulating
effect on melanogenesis, which may partially explain why the UVA
tan contributes essentially no photoprotection against oxidative
DNA damage.7 Importantly, the results from this study demonstrate
that the blockage of TRPM1 channel using a putative antagonist,
voriconazole (a triazole antifungal agent),%? significantly inhibits mel-
anosome transfer in co-cultures exposed to UVA or to UVB, possibly
through the inhibition of TRPM1-related Ca?* influx (Figure 6). In the

future, the controlled clinical studies to prove this assumption that

Anti-pan cytokeratin/FITC

TRPM1 blockers (such as voriconazole) act as a new skin lightening

agent are warranted.
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