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It has been demonstrated that adipose-derived stem cells (ADSCs) secrete cytokines and exhibit diverse
pharmacological actions. The present study examined the unknown pharmacological action of ADSCs regarding
whitening effects. A conditioned medium of ADSCs (ADSC-CM) was harvested and the whitening effect of
ADSC-CM was studied in melanoma B16 cells. ADSC-CM treatment inhibited the synthesis of melanin and the
activity of tyrosinase in a dose dependent manner. To clarify the underlying mechanisms of the whitening action
of ADSCs, protein levels of melanogenic proteins were measured by Western blot. Although expressions of mi-
crophthalmia-associated transcription factor and tyrosinase-related protein 2 (TRP2) remained unchanged,
those of tyrosinase and TRP1 were down-regulated. Transforming growth factor-B1 (TGF-f1), a potent regulator
of melanogenic proteins, was neutralized by the addition of a blocking antibody to ADSC-CM, and down-regu-
lated expression of tyrosinase and TRP1 was almost reversed. Collectively, these results indicate that secretary
factors of ADSC inhibit melanin synthesis by down-regulating the expression of tyrosinase and TRP1, which are
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mainly mediated by TGF-f1.
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Melanin is a main component of human pigmentary sys-
tem, plays an important role in protecting human skin from
harmful effects of UV radiation, and scavenges toxic drugs
and chemicals." The first two steps in the pathway of biosyn-
thesis for melanin are hydroxylation of L-tyrosine to 3-4-di-
hydroxyphenylalanine (L-dopa) and the oxidation of r-dopa
to o-dopaquinone. o-Quinone is highly reactive and sponta-
neously forms melanin pigmentation, which causes serious
aesthetic problems in humans.>® Tyrosinase, a multifunc-
tional, glycosylated, copper-containing oxidase with a molec-
ular weight of 60—70kDa, is the key enzyme in melanin
biosynthesis.** Therefore, tyrosinase inhibitors are major
candidates for skin whitening agents. In the absence of
thiolic compounds, dopaquinone evolves spontaneously to
L-dopachrome, and then to melanin.’’ Two other enzymes,
tyrosinase-related proteinl (TRP1) and TRP2, have been
shown to participate in this processes.

Mesenchymal stem cells within the stromal-vascular frac-
tion of subcutaneous adipose tissue, adipose-derived stem
cells (ADSCs), display multi-lineage developmental plastic-
ity and are similar to bone marrow-derived mesenchymal
stem cells (BM-MSCs) with respect to surface markers and
gene profiling.” In addition, BM-MSCs and ADSCs pro-
duce various cytokines such as vascular endothelial growth
factor, hepatocyte growth factor and transforming growth
factor (TGF).!>~'? Recently, the production and secretion of
cytokines has been reported as an essential function of
ADSCs."> ' For example, our group demonstrated that
ADSCs has an antioxidant effect through the production of
diverse antioxidant cytokines.'” It has been reported that an-
tioxidants scavenge free radical and usually exhibit whiten-
ing action."” Antioxidants inhibit the chemical reactions
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leading to melanin formation, change the type of melanin
formed, and interfere with the distribution of pigment and
melanosome transfer, so they are good candidates for skin
whitening resources.

Cytokines reportedly regulate melanogenesis and are
major regulators of tyrosinase and related proteins (TRPs).
TGF-P1 inhibits pigment formation and is able to interfere
with tyrosine synthesis and possibly with the intracellular
stability of the protein itself.>!*!” In addition, interleukin
and tumor necrosis factor-a (TNF-¢) are able to decrease
pigmentation by acting on tyrosinase activity, although they
exhibit an inhibitory effect in much higher concentrations.*"
In our previous study, TGF-B1 and interleukine-6 (IL-6)
were detected in the conditioned medium of ADSCs (ADSC-
CM) by proteomic analysis, implying that ADSC is a good
candidate for a skin-whitening agent.' Therefore, we exam-
ined the inhibitory effect of ADSC-CM on melanin biosyn-
thesis in B16 melanoma cells. In addition, the underlying
molecular mechanisms of the whitening action of ADSC-CM
were further investigated in this study.

MATERIALS AND METHODS

Materials Dulbecco’s modified Eagle’s medium
(DMEM), fetal bovine serum (FBS), penicillin—streptomycin,
and 0.5% trypsin—-EDTA were purchased from Gibco-BRL
(Invitrogen-Gibco-BRL, Grand Island, NY, U.S.A.). Antibod-
ies against tyrosinase, TRP1, TRP2, and microphthalmia-as-
sociated transcription factor (MITF) were obtained from
Santa Cruz (Santa Cruz Biotechnology, Santa Cruz, CA,
U.SS.A.), and o-melanocyte stimulating hormone (o-MSH),
mushroom tyrosinase and r-dopa were purchased from
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Sigma (Sigma-Aldrich, St. Louis, MO, U.S.A.). Horseradish
peroxidase-conjugated anti-goat antibody was obtained from
Zymed (Zymed, San Francisco, CA, U.S.A.). All other
reagents and materials were purchased from Millipore (Milli-
pore, Bedford, MA, U.S.A.).

Isolation and Culture of ADSCs Human subcutaneous
adipose tissue samples were obtained from lipoaspiration/
liposuction procedures and digested in collagenase type II
(Sigma) under gentle agitation for 45 min at 37 °C, filtered
with 70 um mesh filters, and mixed with histopaque-1077,
and then centrifuged at 2000 rpm for 10min. The ADSC
fraction was washed with Hank’s balanced salt solution
(HBSS), centrifuged at 1200 rpm for 5Smin, and the super-
natant was discarded. The cell pellet was resuspended in
DMEM supplemented with 10% FBS and cultured in 5%
CO, at37°C.

Harvest and Preparation of ADSC-CM ADSCs
(4X10° cells) were cultured in DMEM/F12 (Invitrogen-
Gibco-BRL, Grand Island, NY, U.S.A.) serum-free medium.
ADSC-CM was collected after 72 h of culturing, centrifuged
at 300 g for 5 min, and filtered through 0.22 ym syringe filter.

Cell Culture and Cell Viability Test of Melanoma B16
Cell Melanoma B16 cells were cultured in DMEM medium
supplemented with 10% fetal bovine serum (FBS), 100 U/ml
penicillin, and 100 pg/ml streptomycin in 5% CO, at 37 °C.
For cell survival assay, cells (1< 10 cells/well) were plated in
96-well plates in DMEM/F12 with 0.1% FBS for 24 h to ar-
rest mitosis. After incubating cells with ADSC-CM for 48 h,
cells were added with 10 ul of the CCK-8 solution, and incu-
bated for 3 h. The absorbance was measured at 450 nm using
a microplate reader (TECAN, Grodig, Austria). OD values of
each well were calculated to their relative cell numbers with
comparable standard curves.

Measurement of Melanin Content Melanoma B16
cells (1.5X10* cells/well) were stimulated with or without
a-MSH and pretreated with various concentration (10, 50,
100%) of ADSC-CM for 72 h. After washing with PBS, the
cells were dissolved in 100 ul 1~ NaOH containing 50%
DMSO at 80 °C and optical density at 492 nm was measured
using a microplate reader. The melanin content was calcu-
lated by using an authentic standard of synthetic melanin.

Measurement of Tyrosinase Activity in Melanoma B16
Cells Tyrosinase activity was examined in melanoma B16
cells. After incubation with ADSC-CM for 72 h, melanoma
B16 cells (1.5X10* cells/well) were removed from culture
dishes and washed with phosphate-buffered saline. The cell
pellet was rendered soluble in 0.1 M sodium phosphate buffer
(pH 6.8) containing 0.5% Triton X-100 and 0.1 mm phenyl-
methylsulfonyl fluoride (PMSF), and centrifuged at 13000
rpm for 20 min at 4 °C. The supernatant was dialyzed against
0.1 M sodium phosphate buffer (pH 6.8) and then used as a
source of murine tyrosinase. L-Dopa oxidation activity of ty-
rosinase was spectrophotometrically determined as described
previously.'® Forty microliters of 25 mm L-dopa, 80 ul 0.1 M
sodium phosphate buffer (pH 6.8), and 40 ul of the test sam-
ple were added to a 96-well plate. Then, 40 ul of tyrosinase
were mixed and incubated at 37°C. The initial rate of
dopachrome formation from the reaction mixture was meas-
ured as the increase of absorbance at 492 nm.

Western Blot Analysis Melanoma B16 cells (1Xx10°
cells/well) were stimulated with a-MSH and incubated with
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various concentration of ADSC-CM. The cells were then dis-
solved in a lysis buffer (50 mm Tris—HCI, 0.15M NaCl, 1 mm
EDTA, 1% Triton X-100, 1% SDS, 50mm NaF 1mwm
Na,;VO,, 5mwm dithiothreitol, 1 pg/ul leupeptin and 20 ug/ul
PMSE, pH 7.4). Twenty-five micrograms of proteins were
separated on an 8% SDS-polyacryamide gel by electrophore-
sis. The proteins were transferred to polyvinyl difluoride
(PVDF) membranes. PVDF membranes were incubated with
anti-tyrosinase, MITF, TRP1, TRP2 and ¢-actin antibody,
washed, and incubated with horseradish peroxidase-conju-
gated anti-goat IgG antibody (1:10000 dilution). The blots
were reacted with immunobilon western reagent and exposed
to X-ray film.

Reverse Transcriptase-Polymerase Chain Reaction
(RT-PCR) Analysis Melanoma B16 cells (1X10° cells/
well) were exposed to ADSC-CM with varying concentra-
tions. Total cellular RNA was extracted with TRIzol reagent
(Invitrogen, Carlsbad, CA, U.S.A.) followed by a reverse
transcription with cDNA synthesis kit (Promega, Madison,
WI, US.A.). cDNA was synthesized from 1 ug of total RNA
using 200 U of reverse transcriptase (M-MLV RT) and 20 pm
oligodT. The following oligonucleotides were used as
primers: tyrosinase (5'- cctcgagectgtgectee-3' and 5'-gttet-
catccccagttag-3'), TRP-1 (5'-ttgtggctcatcatcagg -3' and 5'-
ttgagggtgagttgtecg-3'), and the internal control S-actin (5'-
accctgaagtaccccatcg-3’ and 5'-caccggagtccatcacg-3'). PCRs
were performed in a final volume of 20 ul reaction mix that
contained 2 ul of the RT reaction mixture, 15mm MgCl,,
1.25mm dNTP, 20 pm of each primer and 0.5 U of 7ag poly-
merase (Promega, Madison, WI, U.S.A.). Thermal cycling of
30 times, consisted of an initial denaturation at 94 °C for 5
min, then 94 °C for 30s, 51°C for 30s, 72°C for 30s, and
was terminated by a final extension at 72 °C for 5min. -
Actin mRNA level was used for sample standardization.

TGF-B1 Blocking by Neutralizing Antibody To clarify
the mechanism involving the down-regulation of pigmenting
enzymes, TGF-f1 inhibition study using neutralizing anti-
body (Cambrex, Walkersvill, MD, U.S.A.) was carried out.
TGF-B1 (1 pg/ml) antibody was added in 50% (v/v) ADSC-
CM, which was incubated with B16 melanoma cells for 24 h.
Expression of tyrosinase and TRP1 were measured by West-
ern blot analysis.

Statistical Analysis Data are representative of three or
more independent experiments. A one-way ANOVA test, fol-
lowed by a paired #-test, was used for statistical analysis with
p<<0.05 considered to be significant.

RESULTS

Characterization of ADSC In our isolation and culture
methods, ADSCs expanded easily in vitro, and exhibited a
fibroblast-like morphology similar to that of BM-MSCs.!?
In flow cytometry, the expression of the stromal-associated
markers, CD73 and CD105, was initially low immediately
following isolation, but increased to 97.47% (CD73) and
97.63% (CD105) in ADSCs of passage 3. CD 90, also con-
sidered a marker for mesenchymal stem cells, was expressed
on more than 80% of freshly isolated ADSCs and highly
expressed throughout the passages (96.13% in passage 3).
In contrast, the hematopoietic lineage markers CD34 and
CD49d (integrin o4) were not observed in expanded ADSCs.
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Effect of ADSC-CM on Cell Viability To exclude the
possibility that inhibitory effect of ADSC-CM on melano-
genesis might be caused by suppression of cell growth, a cell
viability test was performed. However, ADSC-CM had no ef-
fect on cell viability during this experiment.

Inhibition of Melanin Contents The effect of ADSC-
CM on the melanogenic activities of B16 melanoma cells
was tested. Treatment of cells with o-MSH markedly in-
creased melanin contents of B16 cells and this was included
as a positive control for cell responsiveness. As shown in Fig.
1, ADSC-CM mediated a noticeable decrease of melanin
contents in a dose dependent manner.
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Fig. 1. Effect of ADSC-CM on the Melanin Contents of Melanoma B16
Cells

ADSC-CM inhibited melanin synthesis in a dose-dependent manner. #* p<<0.01.
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Fig. 2. Effect of ADSC-CM on the Tyrosinase Activity of Melanoma B16
Cells

ADSC-CM inhibited the tyrosinase activity in a dose-dependent manner. * p<<0.05,
#% p<0.01.
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Inhibition of Tyrosinase Activity Treatment of ADSC-
CM in the culturing medium of B16 melanoma cells signifi-
cantly reduced the tyrosinase activity of B16 cells in a dose
dependent manner (Fig. 2). To characterize the inhibition
mechanism of ADSC-CM, substrate specificity of ADSC-
CM on the extracted tyrosinase from mushroom and B16
cells was investigated, but ADSC-CM was not the substrate
(inhibitor) of tyrosinase (data not shown). It is reasonable to
assume that ADSC-CM does not directly interact with active
site of tyrosinase, but rather regulates the expression of ty-
rosinase. Therefore, the effect of ADSC-CM on the expres-
sion of melanogenic enzymes was studied further.

Differential Regulation of Melanogenic Protein Expres-
sion by ADSC-CM MITF regulates both melanocyte pro-
liferation and melanogenesis, and is a major regulator of ty-
rosinase and TRPs. Therefore, expression of MITF was ex-
amined after ADSC-CM treatment, but it was not changed
(Fig. 3). However, expression of tyrosinase and TRP1 were
dramatically down-regulated after 24-h incubation with
ADSC-CM in a dose-related manner (Fig. 3). TRP2 expres-
sion was also measured, but was not inhibited. Therefore, it
can be deduced that the inhibitory effect of ADSC-CM on
the melanin synthesis is mediated by down-regulation of ty-
rosinase and TRP1 in this study (Fig. 4).

mRNA Expression of Tyrosinase and TRP1 To assess
ADSC-CM-induced modulations of mRNA expression level,
RT-PCR was performed on tyrosinase and TRP1 (Fig. 5).
ADSC-CM treatment slightly decreased the mRNA expres-
sion of tyrosinase after 72 h, but the effect was negligible.
Similarly, mRNA expression of TRP1 remained unchanged.

50% 100% ADSC-CM(%)

con 24 48 72 (hr)

Tyrosinase

Fig. 3. Effect of ADSC-CM on the Expression of Melanogenic Proteins

Expression of MITF remained unchanged, but expression of tyrosinase and TRP1
were down-regulated by ADSC-CM treatment.
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Fig. 4. Scheme Represents the Inhibitory Effect of ADSC on Melanin Synthesis
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50% 100% ADSC-CM(%)

con 24 48 72 con 24 48 72(h)

Fig. 5. mRNA Expression of Tyrosinase and TRP1

mRNA expression was not modulated by ADSC-CM treatment.
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Fig. 6. Controversial Effect of Blocking TGF-f1 on the Expression of
Melanogenic Proteins after ADSC-CM Treatment for 24 h

Neutralizing TGF-f1 reversed the down-regulated tyrosinase and TRP1 expression
by ADSC-CM.

It is reasonable to conclude that ADSC-CM does not sup-
press the mRNA expression of tyrosinase and TRP1, but in-
creases the rate of degradation of tyrosinase and TRP1. An
increased rate of proteolytic degradation of tyrosinase and
TRP1 was demonstrated previously.”

Critical Role of TGF-f1 in the Inhibition of Melanin
Synthesis It has been previously demonstrated that TGF-
B1 inhibited melanin synthesis and this effect was mediated
by high affinity receptors with ICs, values of 10" m.? In an
ELISA assay of TGF-f1, a similar level of this growth factor
was detected in ADSC-CM,'” which might be responsible
for the inhibition of melanin synthesis by ADSC-CM. To test
this hypothesis, neutralizing antibody of TGF-1 was added
with 50% ADSC-CM for 24 h. As expected, down-regulated
expression of tyrosinase and TRP1 by ADSC-CM was al-
most reversed by blocking TGF-1 (Fig. 6), which suggests a
critical role for this growth factor in the inhibition of melanin
synthesis.

DISCUSSION

Control of melanin production is an important process
treating abnormal skin pigmentation. Modulators of melanin
synthesis generally act on the melanogenic proteins or the
transfer of melanosomes from melanocytes to keratinocytes.
In this study, ADSC-CM inhibited melanin synthesis in B16
melanoma cells. Tyrosinase activity, which plays a pivotal
role in melanin synthesis, was also inhibited by ADSC-CM
in a dose-dependent manner. To clarify the underlying mech-
anisms of the whitening action of ADSCs, expression level
of melanogenic proteins were measured by Western blot. As
a result, expressions of tyrosinase and TRP1 were down-reg-
ulated. TGF-$1, known to inhibit melanin synthesis, was
neutralized by the addition of blocking antibody to ADSC-
CM, and down-regulated expression of tyrosinase and TRP1
was sufficiently reversed. This is the first indication that
ADSC has whitening effect that inhibits melanin synthesis by
down-regulating tyrosinase and TRP1, which is mainly medi-
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ated by TGF-f1 secretion.

It has been reported that UV radiation-induced prolifera-
tion and melanogenesis of melanocytes was reduced by a
topical application of an antioxidant such as vitamin C and
E, to the skin of hairless mice."*” Reactive oxygen species
are considered to play an important role in regulating the
proliferation of melanocytes and keratinocytes, and in the
melanogenesis of melanocytes. ADSC-CM is a free radical
scavenger and has potent antioxidant activity,'” which may
result in an inhibition of peroxidation in the skin, and in the
inhibition of melanin synthesis. Besides tyrosinase activity
and expression, antioxidants inhibit the chemical reaction
leading to melanin formation, and either to a change in the
type of melanin formed or to interfere with the distribution
of pigment and melanosome transfer. However, not only
antioxidant action but also secretion of specific cytokines
by ADSC may have contributed to the whitening effect of
ADSC-CM in this experiment. TGF-f plays an inhibitory
role in pigment formation. It has been observed that low con-
centration of TGF-f1 is enough to interfere with tyrosinase
activity and possibly with the intracellular stability of the
protein itself.>!” In an ELISA assay of TGF-f1, high level of
this growth factor was detected in ADSC-CM,'>!® which
might be responsible for the inhibition of melanin synthesis
by ADSC-CM. To test this hypothesis, neutralizing antibody
of TGF-f1 was added with the ADSC-CM in this experi-
ment, and down-regulated expression of tyrosinase and TRP1
were reversed by blocking TGF-f1. Other cytokines such as
ILs and TNF-« were detected in ADSC-CM, but concentra-
tions were much lower than the IC,, value for tyrosinase ac-
tivity. For example, 50% inhibition was obtained at 1nm
TNF-a, but its concentration in the ADSC-CM was lower
than 10 pm.?) Therefore, it is reasonable to conclude that
TGF-1 secreted in the ADSC-CM played a pivotal role in
the whitening action in this study.

MITF is a transcription factor having an essential basic
helix—lop-helix—leucine zipper structure, and is believed
to regulate melanocyte pigmentation, proliferation and sur-
vival.?» Mutations of the MITF gene in humans are known to
cause abnormal pigmentation of skin and hair.**?* In addi-
tion, it has been reported that MITF is a major transcriptional
regulator of the melanogenic enzymes such as tyrosinase and
TRPs.>2% A plethora of growth factor signaling pathways is
implicated in melanocyte biology, and some of them have
been shown to be relevant to MITE.!?>??) Therefore, the ex-
pression level of MITF was examined with ADSC-CM incu-
bation in this study, but the expression level was not
changed. TGF-f1 reportedly down-regulates MITF and in-
duces a significant delay in extracellular signal related kinase
(ERK) activation that also contributes to depigmentation.”
Although whitening action of ADSC-CM was mainly medi-
ated by TGF-f1, we could not clarify why the expression of
MITF was not changed in this study. Our suggestion is that
other secretory factors of ADSC compensated for the down-
regulated expression of MITF by TGF-1.

In summary, ADSC has a whitening effect via a paracrine
mechanism. ADSC-CM inhibited melanin synthesis and
down-regulated melanogenic enzymes such as tyrosinase and
TRP1. Neutralizing TGF-f1 in ADSC-CM sufficiently re-
versed the down-regulation of melanogenic enzyme expres-
sion, which implies that secretion of TGF-f1 plays a pivotal
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role in inhibiting melanin synthesis by ADSC. Although fur-
ther clinical studies are needed, administration of ADSC and
their secretary factors have great promise for application in
hyperpigmented skin disorders.
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