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Abstract

Pigmentation may result from melanocyte pro-
liferation, melanogenesis, migration or increases in 
dendricity. Recently, it has been reported that secreted 
phospholipase A2 (sPLA2) known as a component of 
bee venom (BV), stimulates melanocyte dendricity and 
pigmentation. BV has been used clinically to control 
rheumatoid arthritis and to ameliorate pain via its an-
ti-inflammatory and antinociceptive properties. More-
over, after treatment with BV, pigmentation around the 
injection sites was occasionally observed and the pig-
mentation lasted a few months. However, no study has 
been done about the effect of BV on melanocytes. 
Thus, in the present study, we examined the effect of 
BV on the proliferation, melanogenesis, dendricity and 
migration in normal human melanocytes and its signal 
transduction. BV increased the number of melano-
cytes dose and time dependently through PKA, ERK, 
and PI3K/Akt activation. The level of cAMP was also in-
creased by BV treatment. Moreover, BV induced mela-
nogenesis through increased tyrosinase expression. 
Furthermore, BV induced melanocyte dendricity and 

migration through PLA2 activation. Overall, in this 
study, we demonstrated that BV may have an effect on 
the melanocyte proliferation, melanogenesis, den-
dricity and migration through complex signaling path-
ways in vitro, responsible for the pigmentation. Thus, 
our study suggests a possibility that BV may be devel-
oped as a therapeutic drug for inducing repig-
mentation in vitiligo skin. 
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Introduction

Normal human melanocytes are located in the 
basal layer of the epidermis and rarely undergo 
mitosis (Jimbow et al., 1975; Pawelek, 1979). It is 
well accepted that paracrine growth factors pro-
duced by keratinocytes, or growth-promoting agents, 
such as endothelin-1 (ET-1), stem cell factor 
(SCF), basic fibroblast growth factor (bFGF), 12-O- 
tetradecanoylphorbol 13-acetate (TPA), cAMP- 
elevating agents (forskolin, IBMX, α -MSH) and 
others, regulate melanocyte proliferation along with 
other diverse melanocyte functions such as 
melanin synthesis and dendricity (Hirobe et al., 
2004; Imokawa, 2004). The signaling mechanism 
of each factor in vitro is different. TPA acts on 
melanocyte growth through activation of PKC (Arita 
et al., 1992), whereas ET-1 and bFGF may affect 
melanocyte growth through phosphorylation of 
ERK 1/2 (Swope et al., 1995; Tada et al., 2002). 
Activation of ERK1/2 is critical for the mitogenic 
response of melanocytes. Failure to activate this 
kinase is evident in terminally differentiated 
melanocytes (Medrano et al., 1994). In human 
melanocytes, activation of ERK1/2 is sequentially 
connected to cAMP response element binding 
protein (CREB) activation (Tada et al., 2002). 
CREB could be a common downstream target for 
melanocyte differentiation and proliferation.
    Pigmentation may result from melanocyte pro-
liferation, melanogenesis, migration (Lan et al., 
2005) or increases in dendricity (Scott et al., 2006). 
Vitiligo is an acquired depigmentation disorder 
caused by melanocyte death (Kovac, 1998). 
Although more than 1% of the general population 
suffer from vitiligo, recovery of pigmentation is 
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often difficult mainly due to the lack of effective 
methods for treatment. Although several factors, 
including SCF (Grabbe et al., 1994), bFGF 
(Halaban et al., 1987), bovine pituitary extract 
(Wilkins et al., 1985), TPA (Krasagakis et al., 
1993), and cAMP stimulating agents, are known to 
induce the proliferation of melanocytes in vitro, 
these mitogens are rarely used clinically.
    Recently, it has been reported that secreted 
phospholipase A2 (sPLA2) known as a component 
of bee venom (BV), stimulates melanocyte den-
dricity and pigmentation (Maeda et al., 1996; 
Maeda and Naganuma, 1997; Scott et al., 2006). 
BV has been used clinically to control rheumatoid 
arthritis and to ameliorate pain via its anti- 
inflammatory and antinociceptive properties (Kwon 
et al., 2001). BV also has been shown to have 
antibacterial effects (Eiseman et al., 1982; Akdis et 
al., 1996; Kwon et al., 2001), and has been used 
as a meridian therapy in Korea (Kim et al., 2003; 
Lee et al., 2004). Moreover, after treatment with 
BV, pigmentation around the injection sites was 
occasionally observed and the pigmentation lasted 
a few months (unpublished observation), sugge-
sting that BV may have an effect on the me-
lanocyte proliferation, melanogenesis, dendricity or 
migration responsible for the pigmentation. Thus, 
in the present study, we examined the effect of BV 
on the proliferation, melanogenesis, dendricity and 
migration in normal human melanocytes and 
elucidated the signaling pathway responsible for 
the effect of BV. 

Materials and Methods

Normal human epidermal melanocyte culture
Skin specimens obtained from repeated cesarean 
sections and circumcisions were used for cultures. 
Epidermis was separated from dermis after treat-
ment with 2.4 U/ml of dispase (Roche, Mannheim, 
Germany) for 1 h. The epidermal sheets were 
treated with 0.05% trypsin for 10 min to produce a 
suspension of individual epidermal cells. The cells 
were suspended in Medium 254 (Cascade Biolo-
gics, Portland, OR) supplemented with bovine 
pituitary extract, FBS, bovine insulin, hydrocorti-
sone, bFGF, and bovine transferrin (Cascade 
Biologics, Portland, OR), heparin, and PMA (Cas-
cade Biologics, Portland, OR). When the cells 
reached confluence, they were detached from the 
flask and seeded into other culture flasks.

Treatment of melanocytes with BV or forskolin 
with/without inhibitors

Melanocytes from passage numbers between 7 
and 15 were used for the experiments. Medium 
254 with supplements was changed to medium 
containing 1/5 the amount of supplements for 24 h 
before treatment with BV (GUJU Pharma CO., 
Seoul, Korea). To determine the appropriate 
concentration of BV, dose-response studies using 
various concentrations between 1.25 and 20 µg/ml 
were done. Then, the cells were treated with 10 
µg/ml BV or 10 µM forskolin for 1, 3, 5 or 7 days 
(Calbiochem, La Jolla, CA). Five cell lines were 
examined. 
    For the inhibition experiments, melanocytes 
were incubated in the media with 1/5 supplements, 
with addition of 2.5 µM U0126, an MEK inhibitor, 1 
µM wortmannin (Calbiochem, La Jolla, CA), a 
PI3K inhibitor, or 10 µM H89 (Calbiochem, Jolla, 
CA), a PKA inhibitor, for 60 min before BV treat-
ment.

MTT assay

The proliferation of melanocytes was examined 
using an MTT assay kit (R&D Systems, Minnea-
polis, MN). Each absorbance was measured at a 
spectrum of 570 nm. The MTT assay was con-
ducted with melanocytes treated with BV in the 
absence or presence of the above-mentioned 
stimulators or inhibitors

Measurement of melanin content

The melanin content of cultured melanocytes was 
measured in accordance with the method des-
cribed by Oka et al. (1996). Briefly, the cell pellets 
were solubilized in boiled 1 M NaOH (80oC) for 2 h. 
The color was analyzed at a spectrum of 405 nm. 
To examine the true melanin formation from the 
same number of cells, the total melanin content of 
each pellet was divided by the number of melano-
cytes.

RT-PCR

Total RNA from melanocytes cultured under each 
condition was isolated using the QuickGene RNA 
cultured cell HC kit (Life Science, Minato-ku, 
Tokyo, Japan). cDNA was synthesized from total 
RNA using the First Strand cDNA Synthesis Kit for 
RT-PCR (AMV; Boehringer Mannheim, Germany). 
Human GAPDH was used as the internal standard. 
The primer sequences of MITF were: forward 5'- 
ATGCTGGAAATGCTAGAATATAAT-3'; and reverse 
5'-ATCATCCATCTGCATACAG-3'; and the primer 
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sequences of GAPDH were: forward 5'-TCCACTG-
GCGTCTTCACC-3'; and reverse 5'-GGCAGAGA-
TGATGACCCTTTT-3'. PCR amplification was con-
ducted in a 40µ l reaction, consisting of 10 × reac-
tion buffer, 2.5 mM MgCl2, 250 µM dNTPs, 100 ng 
each PCR primer, 0.5 U Taq DNA polymerase, and 
20-50 ng DNA, using a DNA Thermal Cycler 9600 
(Applied Biosystems, Foster city, CA) at 94oC for 1 
min, 58oC for 1 min, and 72oC for 1 min at 30 
cycles. The DNA fragments produced by PCR 
were separated by electrophoresis on a 2% 
agarose gel.

cAMP immunoassay

Melanocytes were lysed in 0.1 M HCl to inhibit 
phosphodiesterase activity and centrifuged at 
2,000 g for 15 min. The concentration of cAMP 
was measured using the cAMP assay kit in 
accordance with the manufactures instructions 
(Biomol International, Plymouth, PA) and express-
ed as pg per ml per 1 × 105.

Western blot analysis

The cultured melanocytes treated with BV or 
forskolin with or without inhibitor were homo-
genized in ice-cold homogenization buffer conta-
ining 50 mM Tris-base (pH 7.4), 150 mM NaCl, 10 
mM EDTA, 0.1% Tween-20, and protease in-
hibitors (0.1 mM PMSF, 5 µg/ml aprotinin, and 5 
µg/ml leupeptin). Equal amounts of extracted 
proteins (30 µg) were resolved using 10% SDS- 
PAGE and transferred to nitrocellulose mem-
branes. The membranes were incubated with anti- 
phospho-MAPK, MAPK, phospho-Akt, Akt, CREB, 
phospho-CREB (rabbit polyclonal; Cell Signaling 
Technology, Beverly, MA), MITF (mouse mono-
clonal; Abcam, Cambridge, UK) or tyrosinase 
(rabbit polyclonal; Santa Cruz Biotechnology, 
Santa Cruz, CA) antibody, diluted 1:1000 in 
blocking solution, overnight at 4oC. The mem-
branes were further incubated with anti-rabbit or 
anti-mouse HRP-conjugated antibody (Santa Cruz 
Biotechnology, Santa Cruz, CA) and treated with 
an enhanced chemiluminescence solution (Pierce, 
Rockford, IL). The signals were captured on an 
Image Reader (LAS-3000; Fuji Photo Film, Tokyo, 
Japan). To monitor the amount of protein loaded 
into each lane, the membranes were reprobed with 
mouse monoclonal anti-actin antibody (Sigma, St. 
Louis, MO) and processed as described above. 
The protein bands were analyzed by densitometry.

Cell migration assay

Cell migration assays were performed as describ-
ed previously (Park et al., 2005). Cells were 
allowed to form a confluent monolayer in a 6-well 
plate. The wound was made by scraping a 
conventional pipette tip across the monolayer. The 
width of scratch was measured at randomly 
selected 10 areas and the meam value was cal-
culated. 

Boyden chamber cell migration assay

Nucleopore filters with 8 µm pore size (Corning 
Inc., Corning, NY) were coated with type I colla-
gen. The human melanocytes (1 × 104) were 
added to the upper chamber and low chambers 
were filled with 10 µg/ml BV with/without PLA2 
inhibitor. After 72 h of incubation, the filters were 
stained with Hoechst and cells on the upper side of 
the insert were removed with a cotton swab. Three 
randomly selected fields were photographed, and 
the cells that had migrated were counted. The 
migration was expressed as a percentage of 
migrated cells in positive control melanocytes. 

Melanocyte dendricity assay

Melnocytes were subcultured in 6 well plate (4 ×
105 cells/well) and were treated with 10 µg/ml of 
BV with/without PLA2 inhibitor for 24 h. Following 
treatment, the image of cells was obtained using 
an inverted microscope (DMI 600DB; Leica, Wetzlar, 
Germany). Dendrites-per cell was quantitated 
manually from the photographs. 

Statistical analysis

Statistical significance was tested with Student 
t-test. All results are presented as the mean ±S.E. 
of the combined data from replicate experiments.

Results

BV induces melanocyte proliferation and 
melanogenesis
To examine whether BV induces melanocyte pro-
liferation dose dependently, 1.25 to 20 µg/ml of BV 
was treated in human melanocytes for 5 days. As 
shown in Figure 1A, at concentrations of 10 µg/ml 
or higher, BV induced an approximately 1.8-fold 
increase in the number of melanocytes, compared 
to the control. To compare the effect of BV on the 
melanocyte proliferation, we used forskolin, a 
cAMP elevating agent. As expected, forskolin 
treatment also resulted in an increase in the 
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number of melanocytes to a similar extent (Figure 
1A). Then, we examined whether BV could in-
crease the number of normal human melanocytes 
up to a long time. The proliferation of melanocytes 
was not remarkable until 3 days after the culture, 
but getting increased with the time course. The 
melanocyte proliferation by BV treatment reached 
approximately 2 times more compared with control 
in 7 days, which showed similar pattern with that 
by forskolin treatment (Figure 1B). 
    To observe whether BV induces melanogenesis 
in normal melanocytes, the melanin content of 
individual melanocytes was examined. The me-
lanin content was maximally increased at the 
lowest dose (1.25 µg/ml) of BV and gradually 
decreased to 20 µg/ml of BV in melanocytes 
(Figure 1C). The effect of melanogenesis of BV at 
1.25 µg/ml was similar with that of forskolin (Figure 
1C). However, at 20 µg/ml of BV reduced melanin 

content compared to that of control. These results 
indicate that the effect of BV may be different in 
accordance with dosage in mealnocytes; at high 
dose of BV induces melanocyte proliferation, while 
at low dose of BV induces melanocyte differen-
tiation. However, at 10 µg/ml, BV also significantly 
increased melanocyte proliferation as well as 
melanin content compared to that of control. Since 
melanocyte proliferation rather than melanogene-
sis is considered as an important factor to induce 
repigmentation in depigmented skin, other effects 
of BV were also examined at the concentration of 
10 µg/ml in human melanocytes. 

BV increases cAMP levels

cAMP play key roles in the regulation of skin and 
hair pigmentation. Moreover, when we compared 
the effect of BV on the melanocyte proliferation 

Figure 1. Bee venom (BV) induces melanocyte proliferation and 
melanogenesis. (A) Supplement-reduced melanocytes were treated 
with 0-20 µg/ml BV or 10 µM forskolin (FK). The number of melano-
cytes was examined 5 d after BV treatment using the MTT assay. The 
number of melanocytes increased dose dependently up to 10 µg/ml 
BV. The error bars indicate S.E. (n = 6); *P ＜ 0.01; **P ＜ 0.001. (B) 
The number of melanocytes was examined on days 1, 3, 5, and 7 after 
10 µg/ml of BV treatment or 10 µM of forskolin (FK) by using MTT 
assay. The error bars indicate S.E. (n = 3) *P ＜ 0.01, **P ＜ 0.001. 
(C) Melanin content was measured 5 d after BV or forskolin treatment. 
The melanin contents were slightly increased up to 10 µg/ml of BV. The 
error bars indicate S.E. (n = 3); *P ＜ 0.01, **P ＜ 0.001.
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Concentration of cyclic AMP (pg/ml)
Con
BV
FK

  0.742±0.084
  2.456±0.119
29.666±1.527

Human melanocytes were incubated with 10 µg/ml BV or 10 µM forskolin 
for 1 h. The level of cAMP was detected using the cAMP kit (Biomol) and 
is expressed as concentration per 1 × 105 cells. The values are means
± S.E. (n = 3).

Table 1. Effects on the level of cAMP. 

Figure 2. BV induces MITF-M and tyrosinase expression in 
melanocytes. Supplement-reduced melanocytes were treated with 10 
µg/ml BV for 0.5, 1, 2, or 4 h and for 1, 3, or 5 d. The whole lysates were 
electrophoresed in SDS-PAGE and analysed by immunoblotting with 
each antibody. Data were taken from triplicate experiments with four cell 
lines. C: non-treated melanocytes (A) Expression of MITF-M mRNA lev-
els increased in supplement-reduced melanocytes treated with 10 µg/ml 
BV for up to 4 h. (B, C) The expression of MITF and tyrosinase was ex-
amined on days 1, 3 and 5 after BV treatment.

and melanogenesis with that of forskolin, the 
proliferative or melanogenesis effect of BV was 
similar with that of forskolin. Thus, we checked 
whether BV induces cAMP levels in the mela-
nocyte. Forskolin is a direct activator of adenylate 
cyclase (Englaro et al., 1995). Forskolin increased 
cAMP levels by 40 fold while BV increased the 
levels by only 3 fold (Table 1). Nevertheless, fo-
skolin and BV promoted the proliferation of 
melanocytes with the same extent (Figure 1A). 
These data suggest that BV has other mecha-
nisms to promote melanocyte proliferation though 
increased cAMP levels may be one of the me-
chanisms.

BV induces MITF-M and tyrosinase expression in 
melanocytes

Previously, we found that 10 µg/ml of BV in-
creased intracellular cAMP level (Table 1) and 
increased melanin content in melanocytes. Mela-
nins are synthesized in melanosomes that contain 
the specific enzymens required for proper melanin 
production. Among them, the most well-charac-
terized are tyrosinase, tyrosinase-related protein 1 
(TPR1) and TRP2 (dopachrome tautomerase, 
DCT) (Ito, 2003). As the molecular events, cAMP 
activates PKA and simultaneously CREB transcrip-
tion factor, which leads to upregulate the ex-
pression of microphthalmia associated trans-
cription factor M (MITF-M) (Bertolotto et al., 1998), 
a melanocyte-specific transcription factor crucial 
for melnocyte development and differentiation 
(Hodgkinson et al., 1993) and the increased MITF- 
M expression up-regulates tyrosinase expression 
(Busca and Ballotti, 2000)
    Thus, we examined whether BV is able to 
induce MITF-M and tyrosinase expression in hu-
man melanocytes by using RT-PCR and western 
blot. Following BV treatment, the levels of MITF-M  
mRNA expression gradually increased until 4 h 
(Figure 2A) and also MITF-M protein expression 
was maximally increased on day 3 and slowly 
decreased until 5 days (Figure 2B). Furthermore, 

we examined the expression of tyrosinase by BV 
treatment. It was gradually increased until 5 days 
(Figure 2C). These results suggest that high dose 
of BV (10 µg/ml) also induces proliferation as well 
as melanogenesis through MITF-M and tyrosinase 
expression in human melanocyte. 

Signaling pathways for BV-induced melanocyte 
proliferation and tyrosinase expression.

As previously mentioned, BV increased the level of 
cAMP in human melanocytes. cAMP stimulating 
agent increases MITF expression through PKA 
activation and PKA phosphorylates and activates 
CREB (Bertolotto et al., 1998). Moreover, cAMP 
also activates ERK (Englaro et al., 1995). Thus, in 
order to determine which signaling pathways are 
activated by BV treatment in human melanocytes, 
phosphorylation of ERK and CREB was examined 
using phosphospecific antibodies after treating 
cells with 10 µg/ml of BV. 
    The phosphorylation of ERK was increased at 
30 min, lasted for 3 days by treatment of BV but 
decreased on day 5 (Figure 3A, top). CREB 
phosphorylation also was increased at 30 min and 
lasted for 5 days (Figure 3A, bottom). To verify 
each signaling pathway, we used specific inhibi-
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Figure 3. Signaling pathways for BV-induced melanocyte proliferation and tyrosinase expression. (A) Supplement-reduced melanocytes were treated with 
10 µg/ml BV and the cells were lysed at indicated time. The whole lysates were electrophoresed in SDS-PAGE and analyzed by immunoblotting with each 
antibody. Data were taken from triplicate experiments with four cell lines. C: non-treated melanocytes. (B) For inhibitor experiments, the phosphorylation of 
ERK, Akt, and CREB were examined 1 h and 2 h after BV treatment in the absence or presence of 2.5 µM U0126 (U), 1 µM wortmannin (W) and 10 µM 
H89 (H). Whole lysates were electrophoresed on SDS-PAGE and analyzed by immunoblotting with each antibody. Data were taken from triplicate experi-
ments with four cell lines. The error bars indicate S.E. (n = 3); *P ＜ 0.01; **P ＜ 0.001. (C) Supplement-reduced melanocytes were stimulated with 10 
µg/ml BV for 72 h in the absence or presence of 2.5 µM U0126 (U), 1 µM wortmannin (W) or 10 µM H89 (H). The number of melanocytes was examined 
by using the MTT assay. In the presence of U0126, wortmannin, and H89, BV-induced melanocyte proliferation was inhibited. The error bars indicate S.E. 
(n = 3); **P ＜ 0.001. (D) Supplement-reduced melanocytes were stimulated with 10 µg/ml BV for 72 h in the absence or presence of 2.5 µM of U0126 
(U), 1 µM wortmannin (W) or 10 µM H89 (H). Then, the whole lysates were subjected to western blot analysis. BV-induced tyrosinase expression was 
completely inhibited by U0126 and H89, whereas wortmannin had no effect. For the control,  β  actin was examined. The error bars indicate S.E. (n = 4); 
*P ＜ 0.01; **P ＜ 0.001.

tors. U0126 is an inhibitor of MEK, which is an 
upstream kinase of ERK (Robinson and Cobb, 
1997). BV-induced ERK phosphorylation was 
effectively inhibited by pre-treatment of U0126 
(Figure 3B, left). To suppress the CREB phos-
phorylation, we pre-treated H89, a PKA inhibitor in 
melanocytes. BV-induced CREB phosphorylation 
was completely suppressed by H89 (Figure 3B, 
right). However, in the presence of U0126, BV- 
induced CREB phosphorylation was partially sup-

pressed (data not shown), suggesting that BV- 
induced CREB phosphorylation may be through 
PKA as well as ERK activation.
    Among the signaling pathways putatively involv-
ed in melanocyte differentiation and survival, the 
phosphatidylinositol 3 kinase (PI3K)/Akt pathway 
seems to be a good candidate, since PI3K has 
been participated in the differentiation of the neu-
ronal cell model, the PC12 cells (Kimura et al., 
1994). In these and subsequent experiments, in 
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Figure 3. Continued. 

Figure 4. BV induces melanocyte dendricity and migration through PLA2 activation. (A) The image of melanocytes was captured after 3 days in control 
(Con), 10 µg/ml of BV (BV), or BV plus a PLA2 inhibitor, aristolochic acid (A + BV) treated cells. The number of melanocytes presenting more than two 
dendricities was counted on days 1, 3 and 5 in melanocytes. The results represent the averaged results of four individual cultures. The error bars indicate 
S.E. (n = 4). (B) Area of the scratch repopulated by melanocytes (average gap) after 3 days of incubation in 10 µg/ml of BV (BV) compared with control 
(Con). The results represent the averaged results of four individual cultures. Values are mean ±S.E. of four individual experiments; *P ＜ 0.01. (C) 
Migration was measured by Boyden chamber invasion assay with 10 µg/ml of BV (BV) in the absence or presence of aristolochic acid (A + BV). The mi-
grated cells were photographed and the quantitation was carried out as percentage migrated cells compared with the control. Values are mean ±S.E. of 
three individual experiments; *P ＜ 0.01. 
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which PI3K/Akt activation was investigated, a 
polyclonal antibody that only recognizes the phos-
phorylated form of Akt and a PI3K inhibitor, 
wortmannin were used. The phosphorylation of Akt 
was gradually increased until 4 h and lasted for 5 
days after BV treatment (Figure 3A, middle), but in 
the presence of wortmannin, BV-induced Akt 
phosphorylation was completely suppressed in 
melanocytes (Figure 3B, middle), indicating that 
BV activates PI3K/Akt pathway in melanocytes.
    Then, we examined that which signaling path-
way may be involved in the melanocyte proli-
feration or melanogenesis by BV treatments. In the 
presence of U0126, wortmannin or H89, BV- 
induced melanocyte proliferation was partially 
inhibited (Figure 3C). These results suggest that 
BV increased the number of melanocytes through 
the activation of PKA, ERK and PI3K/Akt.
    U0126 inhibited tyrosinase expression even in 
the absence of BV and completely suppressed 
tyrosinase expression by BV (Figure 3D). BV- 
induced tyrosinase expression was also com-
pletely inhibited by H89, whereas wortmannin had 
no effect (Figure 3D). Taken together, our results 
suggest that BV induces tyrosinase expression 
through PKA and ERK activation.

BV stimulates melanocyte dendricity 

Recently, it has been reported that sPLA2, a 
component of BV induces melanocyte dendricity 
(Scott et al., 2006). To confirm the effect of BV on 
melanocyte dendricity, melanocytes were treated 
with 10 µg/ml of BV and dendricity was quantified 
1, 3 and 5 days later. Figure 4 shows represen-
tative images of cells treated with BV compared 
with control cells. The majority of control cells 
exhibited a typical bipolar morphology, whereas 
BV-treated cells had multiple dendrites (Figure 4A, 
upper). Quantification of dendricity showed that BV 
increases the percentage of cells with more than 
two dendrites by 23% in a time dependent manner 
(Figure 4A, lower). Moreover, these BV-induced 
melanocyte dendricity was completely suppressed 
by pre-treatment of sPLA2 inhibitor, aristolochic 
acid (Figure 4A), suggesting that BV-induced me-
lanocyte dendricity is through the sPLA2 activation.

BV stimulates melanocyte migration

Previously, it has been reported that sPLA2, a 
component of BV induces vascular endothelial cell 
migration (Rizzo et al., 2000). Melanocyte migra-
tion is also an important factor for repigmenation of 
vitiligo skin. Thus, we examine whether BV induces 
melanocyte migration by using cell migration 

assays. Ten µg/ml of BV was treated for 3 days. As 
shown in Figure 4B, BV stimulated significantly 
melanocyte migration and wound closure com-
pared with control. Although 10 µg/ml of BV 
increased the number of melanocyte time depen-
dently by 7 days, BV induced not much increment 
in melanocyte proliferation on day 3 (Figure 1B), 
indicating that the scratch areas were repopulated 
by migration rather than by increased proliferation. 
To confirm the effect of BV on the cell migration, 
Boyden chamber assays were performed. It also 
showed an increase in the number of migrated 
cells by two-fold in the presence of BV in the lower 
chamber as compared with controls (Figure 4C). 
However, the BV-induced melanocyte migration 
was completely suppressed by the treatment of 
PLA2 inhibitor, aristolochic acid (Figure 4C), sug-
gesting that BV-induced melanocyte migration is 
through the PLA2 activation. 

Discussion

Proliferation, differentiation and migration of me-
lanocytes and melanoblasts are regulated by kera-
tinocyte-derived factors and some coat color 
genes. Any therapy for vitiligo must explain not 
only the repopulation of melanocytes but also their 
functional development. Vitiligo is an acquired 
pigmentary disorder characterized by depigmen-
tation of skin and hair. As the pathogenesis of this 
disease is still obscure, the treatment of vitiligo has 
generally been unsatisfactory and often disap-
pointing. In this study, we demonstrated that BV 
induces human melanocyte proliferation, melano-
genesis, dendricity and migration. 
    In this study, we demonstrated that treatment 
with BV causes a dose-dependent increase in 
melanocyte cell number as much as forskolin did 
and this proliferation lasted for 7 days (Figure 1B). 
We also examined that BV induces the level of 
cAMP in melanocytes. Similar to other agents that 
increase intracellular cAMP (Eisinger and Marko, 
1982; Halaban et al., 1986; Abdel-Malek et al., 
1992), forskolin enhances the proliferation of hu-
man melanocytes. Although BV increased melano-
cyte proliferation as much as forskolin did, the 
increased level of cAMP was 10% of that induced 
by forskolin (Table 1). These results imply that 
besides an increased level of cAMP, other factors 
may be involved in the BV-induced melanocyte 
proliferation. In fact, our studies showed P13K/Akt 
activation by BV treatment besides CREB and 
ERK activation which can be induced by increased 
cAMP. Moreover, in melanocytes, a single growth 
factor may activate the ERK cascade but is not 
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able to sustain melanocyte proliferation. A com-
bination of at least two growth factors is needed to 
induce melanocyte proliferation (Moellmann and 
Halaban, 1998). We also demonstrated that the 
activation of PKA, ERK and PI3K/Akt are needed 
for the BV-induced melanocyte proliferation. 
Actually, BV is a rich source of pharmacologically 
active peptides, including melittin (a major compo-
nent of BV), secreted phospholipase A2 (sPLA2), 
apamin, adolapin, and mast cell degranulating 
peptide (Lariviere and Melzack, 1996). Among 
them, sPLA2-X stimulates melanocyte dendricity 
and melanogenesis, but not melanocyte proli-
feration (Scott et al., 2006). We also examined the 
effect of melittin on the human melanocyte. 
However, it has little effect on the melanocyte 
proliferation (data not shown). Thus, these suggest 
that each component of BV synergistically induces 
melanocyte proliferation. 
    cAMP is a critical component of melanogenesis, 
which involves both melanin synthesis and move-
ment of melanosomes to newly formed dendrites at 
the cell periphery (Busca and Ballotti, 2000). The 
rate-limiting enzyme in melanin synthesis is tyrosi-
nase (Ito, 2003). In this study, we also demon-
strated that BV induces melanogenesis in human 
melanocytes by increasing MITF-M and tyrosinase 
expression and a subsequent increase in the 
melanin content. BV-induced melanogenesis 
reached the maximum at 1.25 µg/ml of BV but, 
even at the concentration of 10 µg/ml, which was 
optimal for melanocyte proliferation, melanoge-
nesis was also induced. These results imply that 
although the effect of BV may be different on the 
dosage, 10 µg/ml of BV has dual effect on the 
melanocyte proliferation as well as melanogenesis. 
    The role of cAMP in the signaling pathways re-
gulating melanogenesis has been studied. Acti-
vation of PKA and CREB by elevated cAMP levels 
leads to production of MITF-M, a melanocyte- 
specific transcription factor crucial for melanocyte 
development and differentiation (Hodgkinson et al., 
1993) and the increased MITF-M activate tyro-
sinase gene expression (Busca and Ballotti, 2000). 
However, cAMP-dependent and PKA-independent 
pathways have also been linked to the regulation 
of melanogenesis, including the Ras/ERK path-
ways (Busca and Ballotti, 2000). In the present 
study, we also examined that BV-induced tyro-
sinase expression is dependent on the PKA and 
MEK/ERK pathways not PI3K/Akt. These results 
suggest that BV may induce melanogenesis 
through cAMP-dependent two pathways; PKA- 
dependent and PKA-independent pathways. 
    BV also activated the PI3K/Akt pathway in 
human melanocytes; however, this pathway influ-

enced melanocyte proliferation, not melanoge-
nesis. The inhibitor of PI3K or its target, p70S6 
kinase, markedly stimulates melanogenesis in me-
lanoma cells, thus mimicking the action of cAMP 
elevating agents (Busca et al., 1996). In concert, 
when human melanocytes were treated with an 
inhibitor of PI3K, wortmannin, the basal level of 
tyrosinase was slightly increased (Figure 3D). 
However, BV-induced tyrosinase expression was 
not suppressed by wortmannin, supporting pre-
vious report that forskolin partially inhibits PI3K 
activity and phosphorylation (Busca et al., 1996). 
    Melanocyte dendricity, or dendrite outgrowth, 
constitutes a very important feature characterizing 
melanocyte activation, and it is an essential pro-
cess to ensure melanin transfer to keratinocyte. In 
this study, we demonstrated that BV stimulates 
melanocyte dendricity through PLA2 activation. 
This is in concert with a recent report that secreted 
PLA2-X, a component of BV induces melanocyte 
dendricity (Scott et al., 2006). 
    In this study, we also demonstrated that BV 
induces melanocyte migration through PLA2 ac-
tivation. Melanocyte migration from the neighboring 
normal epidermis or hair bulb palys an important 
role in repigmenation of vitiligo skin. In fact, topical 
tacrolimus (FK506), a potential therapeutic option 
for vitiligo, promotes cell migration and tyrosinase 
activation in human melanocytes (Kang and Choi, 
2006), implying that BV has a potential therapeutic 
drug for vitiligo. 
    In summary, we demonstrated that BV exerts 
positive effects on melanocyte proliferation, mela-
nogenesis, dendricity and migration through com-
plex signaling pathways in vitro. This implies that 
BV may be developed as a therapeutic drug for 
inducing repigmentation in vitiligo skin. 
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