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INTRODUCTION

ABSTRACT Vitiligo is an intriguing depigmentary disorder and is notoriously
difficult to be treated. The ultimate goal of vitiligo treatment is to replenish the lost
melanocytes by immigration from hair follicle and to restore the normal function of
melanogenesis by residual melanocytes. There are two types of topical calcineurin
inhibitors called tacrolimus and pimecrolimus, and are recommended as the first-line
treatments in vitiligo. Although pimecrolimus is efficacious for the repigmentation
of vitiligo, its intrinsic mechanisms have never been investigated in vitro. This
research aimed to study the ability of pimecrolimus on stimulating melanogenesis,
melanocyte migration and MITF (microphthalmia associated transcription factor)
protein expression. Results showed that pimecrolimus at the dosages of 1, 10, 10°nM
were neither mitogenic nor cytotoxic to melanocytes. The addition of pimecrolimus
at 10, 10> and 10’ nM significantly increased intracellular tyrosinase activity,
which was consistent with the elevated content of melanin content at the same
concentrations. The peak effect was seen at 72 h in response to 10° nM pimecrolimus.
Results of the wound scratch assay and Transwell assays indicate that pimecrolimus
is effective in facilitating melanocyte migration on a collagen IV-coated surface.
In addition, MITF protein yield reached the highest by pimecrolimus at 10° nM. In
brief, pimecrolimus enhances melanin synthesis as well as promotes migration of
melanocytes directly, possibly via their effects on MITF protein expression.

opinions, a new guideline for vitiligo was developed by the

Vitiligo is an intriguing depigmentary disorder affecting
approximately 0.5% to 1% of the world population [1]. It has
significant effects on quality of life and remains a persistent
burden on patients. Vitiligo develops due to the progressive loss
of functional melanocytes. Thus, the ultimate goal of vitiligo
treatment is to replenish those melanocytes by promoting the
migration of melanocytes from the outer root sheath of hair
follicles to the depigmented area and to restore the normal
melanogenic function of residual melanocytes [2,3].

The quest for effective treatments for vitiligo still continues.
Based on the best available evidence combined with expert

Vitiligo Guideline Subcommittee of the European Dermatology
Forum in 2013. In this guideline, topical corticosteroids and
calcineurin inhibitors (CIs) are recommended as first-line
treatments [4]. Clobetasol proprionate is one of the oldest potent
corticosteroid agent applied in the treatment of vitiligo. However,
many side effects have been reported in its usage. Khalid applied
0.05% clobetasol propionate to treat 23 patients, there were mild
atrophy in four cases, telangiectasia in two case, and acneiform
papules in two participants [5]. There is mounting evidence
showed that atrophy,telangiectasia, hypertrichosis, and acneiform
eruptions may develop when topical corticosteroids were used,
and this side effect hampers their use, especially when the face
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is involved [6-11]. In this circumstance, topical Cls provide a
favorable alternative. A recent meta-analysis on the effect of
topical CIs as monotherapy or combined with phototherapy
for vitiligo treatment showed that CIs resulted in cosmetically
acceptable repigmentation, particularly on the face and neck
(1,8,12,13]. Moreover, 1% pimecrolimus cream has even been
shown to be of equal efficacy to 0.05% clobetasol propionate
ointment [14].

Despite the clinical efficacy of CIs, the underlying mechanisms
of how they induce repigmentation in vitiligo have not been
well studied. While there is in vitro evidence demonstrating a
direct stimulating effect of tacrolimus on melanogenesis and
melanocyte migration [15,16], no investigation has yet elucidated
the impact of pimecrolimus on melanocytic functions. However,
encouraging effects of pimecrolimus for vitiligo treatment have
been shown.

METHODS
Human melanocyte culture

Human foreskin specimens were obtained under written
informed consent of the donors. Melanocytes were isolated from
the foreskin and maintained in Medium 254 (Life Technologies,
USA) supplemented with human melanocyte growth supplement
(HMGS) (Life Technologies, USA). Cell cultures were incubated
at 37°C in 5% CO,. Melanocytes at the third or fourth passage
were used in the experiments.

Melanocyte proliferation assay

The proliferation rate of melanocytes was determined using
a colorimetric MTT assay. Melanocytes were plated in 96-
well microplates, and each well was pretreated with 100 ul of
different concentrations (1, 10, 100, 1,000 nM) of pimecrolimus
(BioVision, USA) for 3 days. Then, 50 pL of 5 mg/mL 3-(4,
5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT)
(KeyGEN BioTECH, China) solution was added to each well. The
resulting formazan was dissolved with 150 pL dimethylsulfoxide
(Sigma, USA). The absorbance of the samples was measured at
a wavelength of 490 nm with a Multimode Plate Reader (Perkin
Elmer, USA).

Tyrosinase activity assay

Tyrosinase activity was determined by measuring the rate of
oxidation of L-DOPA to dopachrome according to our previous
research [17]. Cells were incubated with different concentrations
of pimecrolimus in 96-well microplates for 72 h and then lysed
with 1% Triton X-100 (Sigma, USA). Ten-microliters of L-DOPA
solution was then added to the lysates. The absorbance of
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dopachrome was measured at 475 nm. Tyrosinase activity is ex-
pressed as a percentage of the control.

Melanin content determination

Equal numbers of melanocytes (2x10° cells/mL) were plated in
6-well plates. Pimecrolimus (2.5 mL) at different concentrations
was added to the wells and incubated for three days. The cells
were then dissolved in 300 pL of a mixture consisting of IN
NaOH and 10% dimethylsulfoxide. The absorbance of the
mixture was measured at 475 nm, and the melanin content was
determined by comparing these values to those of a commercially
available synthetic melanin (Sigma, U.S.A.) standard curve.

Migration ability of melanocytes treated with
pimecrolimus

We used a scratch assay to assess the in vitro migration
ability of pimecrolimus-treated cells. Melanocytes were grown
to confluence in 6-well plates overnight. After incubation
with a deficient medium consisting of M254 and 0.1% bovine
serum albumin (Sigma, USA) for 24 h, the cell monolayers were
scratched using a 10 pL pipette tip. Pimecrolimus (10 nM) was
then added. The scratch size was initially set to be 100%, and the
width of the scratch was measured at day 3. Melanocytes in the
deficient medium was used as a control, and the final results are
expressed as a percentage of the control.

For the transwell assays, melanocytes were suspended in
100 pL (2x10° cells/mL) of the previously described deficient
medium. The cells were seeded into the upper chamber of type-
IV-collagen-coated Costar transwell inserts (8 um pore filters) in
24-well plates (Corning, USA). Pimecrolimus (10 nM) was added
to the lower chamber. After 72 h of incubation, the transwell
inserts were fixed with 4% paraformaldehyde and stained with
0.1% crystal violet. Cells on the bottom layer were imaged in six
randomly selected fields at 200x magnification.

Western blot analysis

After pretreated with pimecrolimus, melanocytes were har-
vested, and equal amounts of soluble protein were loaded and
electrophoresed on an SDS-PAGE gel. The proteins were then
transferred to polyvinylidene fluoride membranes (Roche, U.S.A.)
and incubated with an anti-MITF monoclonal antibody (1:1,000,
Cell Signaling Technology, USA) at 4°C overnight, followed by
incubation with a horseradish peroxidase-linked secondary
antibody (1:4000, Cell Signaling Technology, USA) for 2 h at
room temperature. Immunoreactive bands were visualized using
an enhanced chemiluminescence (ECL) system (Thermo, USA).
Densitometric analysis was performed using Image J software.
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Statistical analysis

Results are presented as the meantstandard deviation (SD).
Statistical analysis was performed using one-way ANOVA and
t-test. p<0.05 was considered to be statistically significant.

RESULTS

Effects of pimecrolimus on the viability of
melanocytes

Compared to the control, pimecrolimus did not affect the
viability of human melanocytes at concentrations of 1, 10 and
100 nM. The melanocyte proliferation rate was slightly elevated
by pimecrolimus at the concentration of 1,000 nM. Therefore,
pimecrolimus at the dosages of 1~100 nM was neither mitogenic
nor cytotoxic to melanocytes, whereas pimecrolimus at the
concentration of 1,000 nM showed mitogenic effects (Fig. 1A).

Melanogenesis of melanocytes incubated with
pimecrolimus

After incubation with pimecrolimus at 10, 100 and 1,000
nM, melanocytes showed an increase of 122%, 128% and 125%
in tyrosinase activity relative to the control (100%) (p<0.05),
respectively. However, no stimulatory effect was shown on
the tyrosinase activity at the concentration of 1 nM (Fig. 1B).
Consistent with this increase in tyrosinase activity, pimecrolimus
(10, 100 and 1,000 nM) also increased the melanin content by
171%, 178% and 176%, respectively, relative to the control (100%)
(p<0.05) (Fig. 1C).

Effects of pimecrolimus on the migration of
melanocytes

Pimecrolimus at a concentration of 10 nM showed no sig-
nificant effect on cell viability. This concentration was therefore
used in the scratch and transwell assays. Pimecrolimus at 10 nM
resulted in statistically significant changes in migration in these
assays. Specifically, pimecrolimus induced a more rapid reduction
in scratch size (67% wound gap size after 3 days) compared
to the control (83% wound gap size after 3 days), indicative of
enhanced migration (p<0.05) (Fig. 2A). Cell counts showed no
significant increase in cell density, indicating that the scratch
areas were repopulated by migration rather than by increased
proliferation. Transwell assays also showed that pimecrolimus
increased the number of migrated cells in the lower chamber by
183% compared with the control (p<0.05) (Fig. 2B). These results
suggest that pimecrolimus is effective in facilitating melanocyte
migration on a collagen IV-coated surface.
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Fig. 1. Effects of pimecrolimus on the proliferation (A), tyrosinase
activity (B) and melanin content (C) of human epidermal
melanocytes. Cells were cultured for three days with pimecrolimus
at various concentrations (1, 10, 100, and 1,000 nM) and compared
with the control. Results represent the mean+SD of three independent
experiments. *p<0.05 compared with the control.

Effects of pimecrolimus on MITF protein expression

To explore the mechanism by which pimecrolimus increases
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Fig. 2. Effects of pimecrolimus on melanocytic migration in vitro.
(A) Migration was measured by scratch assay. The average gap was
evaluated three days after incubation with pimecrolimus or the control.
Results represent the mean+SD of three independent experiments.
(B) Migration was measured by Transwell assay. Cells pretreated with
pimecrolimus and the control were stained with crystal violet after they
penetrated to the lower surface of the membrane. The immigrated cells
were counted under a light microscope at x200. Results represent the
mean+SD of three independent experiments. *p<0.05 compared with
the control.
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Fig. 3. Effect of pimecrolimus on the protein expression levels
of MITF in melanocytes. The protein expression level of MITF was
examined by Western blotting after a 3-day incubation with 10 or
100 nM pimecrolimus. Results represent the mean+SD of three
independent experiments. *p<0.05 compared with the control.

melanogenesis and migration ability, we determined the effects of
pimecrolimus on the protein expression of MITF using Western
blotting. The results showed that treatment with pimecrolimus at
10 and 100 nM for 72 h significantly increased MITF expression
levels by 156% and 214%, respectively, compared to the control
(p<0.05) (Fig. 3).

DISCUSSION

Vitiligo is a common hypopigmentation disorder of the skin,
with a prevalence of approximately 0.5~1% in the world po-
pulation. Although it is not physically harmful, vitiligo is often
psychologically devastating due to the depigmented macules on
the skin that result from the selective loss of functional epidermal
melanocytes [2,4,18]. Amelanotic melanocytes in the outer root
sheath of hair follicles have been shown to migrate towards the
achromic epidermis during the process of repigmentation and
gradually restore the normal functions of melanin synthesis.
In another aspect, the undestroyed melanocytes during de-
pigmentation and at the border of depigmented lesions may also
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reproduce and migrate to the depigmented patches upon external
stimuli such as corticosteroids, UV irradiation, and keratinocyte-
derived factors as basic fibroblast growth factor (bFGF),
leukotrienes C4 (LTC4), endothelin 1 (ET-1) and stem cell factor
(SCF) [19].

Topical corticosteroids have long remained the mainstay of
vitiligo treatment. However, their use is limited by concerns
about local and systemic adverse effects with extended use. The
recent emergence of Cls provides us with a favorable alternative
to corticosteroids. Calcineurin can dephosphorylate, and thus
activate, nuclear factor of T cells (NFAT). The activated NFAT
is then translocated into the nucleus, where it up-regulates the
expression of interleukin 2 (IL-2), which, in turn, stimulates the
growth and differentiation of T cells [20]. There are a variety
of known CIs, including cyclosporine A, pimecrolimus and
tacrolimus. Recently, calcineurin activity has been detected
in keratinocytes, melanocytes and other tissues [16,21]. It is
likely that the actions of CIs in the treatment of vitiligo are
multi-fold, exhibiting not only the classical aspect of exerting
immunosuppressive effects but also stimulating melanogenesis
and melanocytic migration.

The influence on melanocytic functions and skin pigmentation
varies by CI. Although skin hyperpigmentation develops in
some patients after systemic cyclosporin A treatment, tyrosinase
activity and melanin production have been shown to be inhibited
in vitro by 10 um cyclosporin A, with a consistent decrease of
tyrosinase at both the protein and mRNA levels [22]. Tacrolimus,
another CI, has been shown to promote migration and tyrosinase
activity in melanocytes while suppressing proliferation. However,
in one study, tacrolimus alone had no effect on migration in
cultured melanoblasts, while demonstrating synergistic effects
with ET-1 and ET-3 on the promotion of cell migration and
melanogenesis [23,24]. In addition, tacrolimus increases UVB-
mediated melanosome secretion and uptake and enhances the
transfer of melanosomes from melanocytes to keratinocytes [24].

Similar to tacrolimus, topical pimecrolimus is widely applied
in vitiligo treatment. Pimecrolimus cream (1%) has been shown
to be as effective as 0.05% clobetasol propionate [25]. While
narrow-band UVB irradiation is currently recommended as a
first-line therapy in vitiligo, a double-blind study showed that
1% pimecrolimus cream is superior to narrow-band UVB [26].
Despite these documented therapeutic effects on vitiligo, there
have no attempts to investigate the effect of pimecrolimus on skin
melanocytes.

Tyrosinase is an enzyme that catalyzes the rate-limiting
step of melanin biosynthesis in melanocytes. The expression
levels of tyrosinase and its related proteins (tyrosinase-related
protein 1 and tyrosinase-related protein 2) are mainly regulated
by microphthalmia transcription factor (MITF), which is an
important regulator of melanocyte differentiation, proliferation
and survival and is highly coupled with melanogenesis [18,27].
Any therapy for vitiligo must promote not only the repopulation
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of melanocytes but also melanogenesis and melanocyte mi-
gration.

In general, pimecrolimus achieves its best response when used
on neck, face and genital vitiligo. This may partially be due to the
greater density of hair follicles in these areas, which may serve as
a vital source for stimulating and replenishing these diminished
melanocytes during the repigmentation of vitiligo. Therefore,
in this study, we examined the direct effects of pimecrolimus on
melanogenesis and migration in cultured human melanocytes.
The results showed that pimecrolimus at the dosages of 1, 10, 100
nM was neither mitogenic nor cytotoxic to melanocytes. However,
at a concentration of 1,000 nM, pimecrolimus was mitogenic.
In addition, we studied the effect of pimecrolimus on tyrosinase
synthesis to clarify its mechanism of action on melanocytes. The
results indicated that the addition of pimecrolimus at 10, 100 and
1,000 nM significantly increased intracellular tyrosinase activity
in human melanocytes, which is consistent with the elevation of
the melanin content at the same concentrations. The peak effect
was observed at 72 h in response to 100 nM pimecrolimus. The
results of the wound scratch and transwell assays indicate that
pimecrolimus is effective at facilitating melanocyte migration on
a collagen I'V-coated surface. These results reasonably explain
the well-known perifollicular repigmentation pattern in vitiligo
treated with pimecrolimus. Consistent with the stimulating effect
of pimecrolimus on melanogenesis, the MITF protein yield was
the highest at 100 nM pimecrolimus.

In conclusion, we provide in vitro evidence demonstrating a
direct effect of pimecrolimus on melanogenesis and melanocytic
migration. These findings may provide a theoretical basis and
clinical evidence for the effectiveness of pimecrolimus in vitiligo
treatment.

ACKNOWLEDGEMENTS

We are grateful to Dr. Ana Luisa Kadekaro (University of
Cincinnati, USA) for her technical support.

CONFLICTS OF INTEREST

The authors declare no conflicts of interest.

FUNDING SOURCES

This research was supported by the National Natural Science
Foundation of China (No. 81173400), the 333 High-Level
Personnel Training Project of Jiangsu Province (BRA2013282),
the Eighth Summit of the Six Top Talents Program of Jiangsu
Province, and the Second Advanced Training Program for Out-
standing Young Clinical Professionals of Traditional Chinese

Korean J Physiol Pharmacol 2017;21(3):287-292



292

XuPetal

Medicine in Jiangsu Province (YX1202).

REFERENCES

L.

~

8.

10.

11.

12.

Whitton ME, Pinart M, Batchelor ], Leonardi-Bee ], Gonzdlez U,
Jivad Z, Eleftheriadou V, Ezzedine K. Interventions for vitiligo.
Cochrane Database Syst Rev. 2015;(2):CD003263.

. Chou WC, Takeo M, Rabbani P, Hu H, Lee W, Chung YR, Carucci

J, Overbeek P, Ito M. Direct migration of follicular melanocyte
stem cells to the epidermis after wounding or UVB irradiation is
dependent on Mclr signaling. Nat Med. 2013;19:924-929.

. Guerra L, Dellambra E, Brescia S, Raskovic D. Vitiligo: pathogenetic

hypotheses and targets for current therapies. Curr Drug Metab.
2010;11:451-467.

. Taieb A, Alomar A, Bohm M, Dell'anna ML, De Pase A, Elefthe-

riadou V, Ezzedine K, Gauthier Y, Gawkrodger DJ, Jouary T, Leone
G, Moretti S, Nieuweboer-Krobotova L, Olsson MJ, Parsad D,
Passeron T, Tanew A, van der Veen W, van Geel N, Whitton M,
Wolkerstorfer A, Picardo M; Vitiligo European Task Force (VETF);
European Academy of Dermatology and Venereology (EADV);
Union Europe’enne des Me’decins Spe cialistes (UEMS). Guidelines
for the management of vitiligo: the European Dermatology Forum
consensus. Br ] Dermatol. 2013;168:5-19.

. Khalid M, Mujtaba G, Haroon TS. Comparison of 0.05% clobetasol

propionate cream and topical Puvasol in childhood vitiligo. Int |
Dermatol. 1995;34:203-205.

. Ezzedine K, Eleftheriadou V, Whitton M, van Geel N. Vitiligo.

Lancet. 2015;386:74-84.

Kathuria S, Khaitan BK, Ramam M, Sharma VK. Segmental vitiligo:
a randomized controlled trial to evaluate efficacy and safety of 0.1%
tacrolimus ointment vs 0.05% fluticasone propionate cream. Indian
J Dermatol Venereol Leprol. 2012;78:68-73.

Kése O, Arca E, Kurumlu Z. Mometasone cream versus pimecrolimus
cream for the treatment of childhood localized vitiligo. ] Dermatolog
Treat. 2010;21:133-139.

. Leone G, Pacifico A, Iacovelli P, Paro Vidolin A, Picardo M. Tacal-

citol and narrow-band phototherapy in patients with vitiligo. Clin
Exp Dermatol. 2006;31:200-205.

Kostovic K, Pasic A. New treatment modalities for vitiligo: focus on
topical immunomodulators. Drugs. 2005;65:447-459.

Travis LB, Weinberg JM, Silverberg NB. Successful treatment of
vitiligo with 0.1% tacrolimus ointment. Arch Dermatol. 2003;139:
571-574; discussion 573.

Dawid M, Veensalu M, Grassberger M, Wolff K. Efficacy and safety
of pimecrolimus cream 1% in adult patients with vitiligo: results
of a randomized, double-blind, vehicle-controlled study. J Dtsch
Dermatol Ges. 2006;4:942-946.

Korean J Physiol Pharmacol 2017;21(3):287-292

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Bilag DB, Ermertcan AT, Sahin MT, Oztiirkcan S. Two therapeutic
challenges: facial vitiligo successfully treated with 1% pimecrolimus
cream and 0.005% calcipotriol cream. J Eur Acad Dermatol Venereol.
2009;23:72-73.

Shim WH, Suh SW, Jwa SW, Song M, Kim HS, Ko HC, Kim BS,
Kim MB. A pilot study of 1% pimecrolimus cream for the treatment
of childhood segmental vitiligo. Ann Dermatol. 2013;25:168-172.
Lan CC, Chen GS, Chiou MH, Wu CS, Chang CH, Yu HS. FK506
promotes melanocyte and melanoblast growth and creates a
favourable milieu for cell migration via keratinocytes: possible
mechanisms of how tacrolimus ointment induces repigmentation in
patients with vitiligo. Br ] Dermatol. 2005;153:498-505.

Kang HY, Choi YM. FK506 increases pigmentation and migration
of human melanocytes. Br ] Dermatol. 2006;155:1037-1040.

Tan C, Zhu W, Lu Y. Aloin, cinnamic acid and sophorcarpidine are
potent inhibitors of tyrosinase. Chin Med J (Engl). 2002;115:1859-
1862.

Lee BW, Schwartz RA, Hercogové J, Valle Y, Lotti TM. Vitiligo road
map. Dermatol Ther. 2012;25 Suppl 1:544-56.

Falabella R, Barona MI. Update on skin repigmentation therapies in
vitiligo. Pigment Cell Melanoma Res. 2009;22:42-65.

Fiorentino DF, Chen RO, Stewart DB, Brown KK, Sundram UN.
The direct cellular target of topically applied pimecrolimus may not
be infiltrating lymphocytes. Br ] Dermatol. 2011;164:996-1003.

Smit NP, Van Rossum HH, Romijn FP, Sellar KJ, Breetveld M, Gibbs
S, Van Pelt J. Calcineurin activity and inhibition in skin and (epi)
dermal cell cultures. J Invest Dermatol. 2008;128:1686-1690.

Lee JY, Kang WH. Effect of cyclosporin A on melanogenesis in
cultured human melanocytes. Pigment Cell Res. 2003;16:504-508.
Lee KY, Jeon SY, Hong JW, Choi KW, Lee CY, Choi SJ, Kim JH, Song
KH, Kim KH. Endothelin-1 enhances the proliferation of normal
human melanocytes in a paradoxical manner from the TNF-q-
inhibited condition, but tacrolimus promotes exclusively the cellular
migration without proliferation: a proposed action mechanism for
combination therapy of phototherapy and topical tacrolimus in
vitiligo treatment. J Eur Acad Dermatol Venereol. 2013;27:609-616.
Jung H, Chung H, Chang SE, Kang DH, Oh ES. FK506 regulates
pigmentation by maturing the melanosome and facilitating their
transfer to keratinocytes. Pigment Cell Melanoma Res. 2016;29:199-
209.

Coskun B, Saral Y, Turgut D. Topical 0.05% clobetasol propionate
versus 1% pimecrolimus ointment in vitiligo. Eur ] Dermatol. 2005;
15:88-91.

Wong R, Lin AN. Efficacy of topical calcineurin inhibitors in vitiligo. Int
J Dermatol. 2013;52:491-496.

Rao C, Su Z, Li H, Ma X, Zheng X, Liu Y, Lu F, Qu J, Hou L. Mic-
rophthalmia-associated transcription factor regulates skin mela-
noblast migration by repressing the melanoma cell adhesion mo-
lecule. Exp Dermatol. 2016;25:74-76.

https://doi.org/10.4196/kjpp.2017.21.3.287



