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Ginsenoside F1 Modulates Cellular Responses of Skin Melanoma Cells
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Ginsenoside (G)-F1 is an enzymatic metabolite generated from G-Rgl. Although this metabolite has been reported to
suppress platelet aggregation and to reduce gap junction-mediated intercellular communication, the modulatory activity of
G-F1 on the functional role of skin-derived cells has not yet been elucidated. In this study, we evaluated the regulatory role
of G-F1 on the cellular responses of B16 melanoma cells. G-F1 strongly suppressed the proliferation of B16 cells up to 60%
at 200 ug/mL, while only diminishing the viability of HEK293 cells up to 30%. Furthermore, G-F1 remarkably induced
morphological change and clustering of B16 melanoma cells. The melanin production of B16 cells was also significantly
blocked by G-F1 up to 70%. Interestingly, intracellular signaling events involved in cell proliferation, migration, and morphological
change were up-regulated at 1 h incubation but down-regulated at 12 h. Therefore, our results suggest that G-F1 can be applied as a
novel anti-skin cancer drug with anti-proliferative and anti-migration features.
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INTRODUCTION

Melanocytes are melanin-producing cells located in
the bottom layer of the skin epidermis [1]. Melanin, a
pigment primarily responsible for the color of skin, is
generated by melanogenesis in melanocytes. Exposure
to UV-B radiation is known to cause increased melano-
genesis as a response to DNA photodamage [2]. Some
of the serious damage to oncogenic or tumor suppressor
genes by free radicals generated can lead melanocytes to

form the skin cancer melanoma, a representative malig-
nant tumor in skin with a high death rate [3]. In spite of
numerous intensive laboratory and clinical studies, early
surgical resection of thin tumors still gives the greatest
chance of a cure.

Panax ginseng, a perennial plant of Araliaceae, is a
popular traditional herbal medicine prescribed for in-
creased vitality, long life, supplement of spirits, and light
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Fig. 1. Chemical structure of ginsenoside-F1.

bodies [4]. Regarding the different origins of ginseng, it
has been reported that Korean ginseng (Panax ginseng)
is one of the best types of ginseng in terms of active
component contents. The pharmacological effects of
ginseng mainly originate from ginseng saponins, in par-
ticular ginsenosides [5]. The pharmacological profile of
ginseng includes curative or modulatory effects on car-
diovascular disease, diabetes mellitus, cancer, stress, and
immunostimulation [5]. Recent studies strongly suggest
that the numerous pharmacological activities of ginseng
could be managed by ginsenoside metabolites such as
compound K and ginsenoside (G)-F1 [6,7].

G-F1 (Fig. 1) is one of the metabolites generated by
enzymatic modification of G-Rgl [8]. Although G-F1
is not the major metabolite of the ginsenosides found in
the blood, the biological activity of ginseng could be in
part derived from the pharmacology of G-F1. In spite of
this possibility, only a few reports that this compound
can suppress platelet aggregation [9] and reduce gap
junction-mediated intercellular communication [10]
have been reported. So far, several ginsenosides such as
G-Rb1, G-Rh2, G-Rg3 and G-Rf as well as compound
K have been reported to modulate skin diseases such
as psoriasis and contact dermatitis [11,12]. However,
whether G-F1 is able to modulate skin-derived cell func-
tions has not yet been published. Therefore, in this study,
we explored the regulatory role of G-F1 on the cellular
responses of skin-derived cells using B16 melanoma.

MATERIALS AND METHODS

Materials

G-F1 was obtained from Amore-Pacific Co., R&D
Center (Yongin, Korea). The purity of these compounds
was more than 95% by HPLC analysis. Arbutin was
obtained from Sigma (St. Louis, MO, USA). B16 mela-
noma and HEK293 cells were purchased from American
Type Culture Collection (Manassas, VA, USA). Phos-
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pho- or total antibodies to ERK, JNK, p38, Akt, and
B-actin were purchased from Cell Signaling (Beverly,
MA, USA).

Cell culture

B16 melanoma and HEK293 cells were cultured in Dul-
becco’s modified Eagle’s medium or RPMI1640 with
10% fetal bovine serum and 100 U/mL penicillin/strep-
tomycin at 37°C in a humidified atmosphere with 5%
CO.,.

Cell proliferation assay

Cell viability and the extent of proliferation were as-
sessed by conventional MTT [3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolum bromide] assay [13]. B16
and HEK293 cells (5x10" cells/well) were incubated
with various concentrations of G-F1 or arbutin for the
indicated times and were further incubated with MTT
solution (0.5 mg/mL) for an additional 4 h at 37°C. The
absorbance of the samples was measured at 490 nm with
a microplate reader (Molecular Devices Corp., Menlo
Park, CA, USA).

Morphological change test

B16 melanoma cells were incubated with G-F1 for
the indicated times. Images of the cells in culture at each
time point were obtained using an inverted phase con-
trast microscope, attached to a video camera, and cap-
tured using NIH Image (National Institutes of Health,
Bethesda, MD, USA).

Cell migration assay

B16 melanoma cells grown to a confluent monolayer
in 60-mm plates were incubated with G-F1. A scratch
was introduced by scraping the monolayer with a p200
pipette tip, as previously described [14]. The images
were acquired using an inverted phase microscope
(Olympus, Tokyo, Japan).

Cellular melanin production assay

B16 and HEK293 cells (5x10* cells/well) were in-
cubated with various concentrations of G-F1 or arbutin
for 5 days. The cell pellets were then dissolved in a 500
mL solution of 1 N NaOH in 10% dimethyl sulfoxide
at 80°C for 1 h. The relative melanin content was de-
termined by measuring the absorbance at 475 nm in an
ELISA reader (Molecular Devices Corp., Menlo Park,
CA, USA). A standard synthetic melanin curve (0-500
png/mL) was prepared in triplicate for each experiment.
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Preparation of cell lysates and immunoblotting

Melanoma cells (5x10° cells/mL) treated with G-F1
were washed 3 times in cold phosphate-buffered saline with
1 mM sodium orthovanadate and were lysed in lysis buf-
fer (20 mM Tris-HCI, pH 7.4, 2 mM EDTA, 2 mM eth-
yleneglycotetraacetic acid, 50 mM B-glycerophosphate,
1 mM sodium orthovanadate, 1 mM dithiothreitol, 1%
Triton X-100, 10% glycerol, 10 pg/mL aprotinin, 10
pg/mL pepstatin, 1 mM benzimide, and 2 mM PMSF)
for 30 min with rotation at 4°C. The lysates were clari-
fied by centrifugation at 16,000 g for 10 min at 4°C and
stored at -20°C until needed.

Whole cell lysates were then analyzed by immunob-
lotting as reported previously [15,16]. Proteins were
separated on 10% sodium dodecyl sulfate-polyacryl-
amide gels and were transferred by electroblotting to a
polyvinylidenedifluoride membrane. Membranes were
blocked for 60 min in Tris-buffered saline containing 3%
bovine serum albumin, 20 mM NaF, 2 mM EDTA, and
0.2% Tween 20 at room temperature. The membrane was
incubated for 60 min with specific primary antibody at
4°C, washed 3 times with the same buffer, and incubated
for an additional 60 min with horseradish peroxidase-
conjugated secondary antibody. The total and phos-
phorylated levels of ERK, JNK, p38, Akt, and B-actin
were visualized using the enhanced chemiluminescence
system (Amersham, Little Chalfont, UK).

Statistical analysis

Student’s #-test and a one-way ANOVA were used to
determine the statistical significance of the difference
between values for the various experimental and control
groups. Data are expressed as meantstandard error, and
the results were obtained from at least three independent
experiments performed in triplicate. A p-value of 0.05 or
less were considered as statistically significant.

RESULTS AND DISCUSSION

In this study, we explored the modulatory role of G-F1
(Fig. 1), an enzymatic metabolite of G-Rgl, on the cel-
lular responses of skin melanocytes, specifically B16
melanoma, including proliferation, morphological change,
cell migration and aggregation, melanogenesis, and in-
tracellular signaling events. Interestingly, G-F1 signifi-
cantly suppressed the proliferation of B16 melanoma
up to 60% at 200 pg/mL (Fig. 2A). The proliferation of
HEK?293 cells was only slightly blocked by this com-
pound up to 30% (Fig. 2B), suggesting that inhibition by
G-F1 seems to be stronger in melanocyte-derived cancer
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Fig. 2. Effect of ginsenoside (G)-F1 on cell proliferation in B16 mel-
anoma and HEK293 cells. (A,B) B16 or HEK293 cells (1x10° cells/
mL) were incubated with G-F1 or arbutin for 5 days. Cell viability was
determined by conventional MTT assay as described in the Materials
and Methods section. 'p<0.05 and “p<0.01 compared with normal.

cells. However, short treatment with this compound did
not exhibit significant blockade of cell viability up to
200 pg/mL (data not shown), implying that long expo-
sure to G-F1 can be effective for the regulation of mela-
noma cell proliferation. In fact, it has been reported that
G-F1 significantly reduces ultraviolet-B-induced cell
death and protects HaCaT cells from apoptosis caused
by ultraviolet B irradiation [17]. Our data seem to sug-
gest the opposite of this notion in terms of suppressing
cell death. However, it appears that G-F1 treatment is
likely to be beneficial under tumorigenic conditions of
melanocytes.

Morphological change and migration are also very
important cellular events when cancer cells need to met-
astatically move. As Figs. 3 and 4 indicate, G-F1 seems
to induce morphological alteration and to increase cel-
lular clustering between B16 melanoma compared with
the normal group. Considering that the alteration of cell
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Fig. 3. Effect of ginsenoside (G)-F1 on morphological change in
B16 melanoma cells. B16 melanoma cells (1x10° cells/mL) were
incubated with G-F1 for the times indicated. Images of the cells in
culture at each time point were obtained using an inverted phase
contrast microscope, attached to a video camera, and captured using
NIH Image.
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Fig. 4. Effect of ginsenoside-F1 on cell migration in B16 melanoma
cells. B16 melanoma cells (2x10° cells/mL) were grown to a confluent
monolayer in 60-mm plates. A scratch was introduced by scraping the
monolayer with a p200 pipette tip. Images of the cells in culture at each
time point were obtained using an inverted phase contrast microscope.
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morphology is also linked to the induction of apoptosis
[18], there is a possibility that G-F1-induced morpho-
logical change seems to cause both stimulation of apop-
tosis and induction of cell clustering. Although normal
cells did not show a remarkable migration pattern, G-F1
treatment further stimulated the formation of cell clus-
ters, suggesting that G-F1 (200 pg/mL) could modulate
homotypic aggregation of B16 cells by altering mor-
phological change. Since the morphological change and
cell-cell adhesion has been found to be modulated by ac-
tin cytoskeleton change [13,19,20], how G-F1 is capable
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Fig. 5. Effect of ginsenoside (G)-F1 on melanin production in
B16 melanoma cells. B16 or HEK293 cells (1x10° cells/mL) were
incubated with G-F1 or arbutin for 5 days. Melanin production was
determined by cellular melanin production assay as described in the
Materials and Methods section. p<0.05 and “p<0.01 compared with
normal.

of stimulating actin cytoskeleton rearrangement will be
further studied.

Melanogenesis is a primary function of melanocytes
to protect skin from UV irradiation [21]. However, since
Far East Asian women dislike this protective response
that leads to skin darkness, whitening potential should
become an essential function in cosmetic industry. To
confirm whether G-F1 has whitening functionality, G-F1
was long exposed to B16 cells, and the level of melanin
in cultured cells was determined. As Fig. 5 depicts, G-F1
significantly diminished the production of melanin.
Similarly, arbutin, a standard drug used for inhibition of
melanogenesis [22], also suppressed melanin genera-
tion, suggesting that the experimental conditions were
acceptable. Even though there is a possibility that G-F1-
mediated pigmenting inhibition seems to be derived by
its cytotoxicity, this result implicates its potential usage
as one of ingredients applicable for whitening purposes.
Thus, there is a 15% difference in terms of inhibitory
activity between cytotoxicity and melanin production
assays. Therefore, it is thought that the inhibition of mel-
anin production seems to be independent of the drug’s
cytotoxicity. We will further examine this point in the
future work.

Cellular responses stimulated by chemical and biochemi-
cal stimulation accompany intracellular signaling events
[15,23]. In general, the inhibition of cell proliferation,
induction of cell cytoskeleton changes, and suppression
of melanin generation by treatment with G-F1 could be
managed either by G-F1-induced signaling or by G-F1
mediated inhibition of the cellular signaling cascade.
Therefore, we finally investigated the effect of G-F1 on
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intracellular signaling in B16 melanoma cells in terms of
MAPK (ERK, JNK, and p38) and Akt that are involved
in the modulation of cell proliferation and morphologi-
cal changes [15,24]. As Fig. 6 shows, the activation or
inhibition of MAPK and Akt by G-F1 were variable.
Thus, ERK, JNK, and Akt were activated between 1 h
and 9 h of incubation with G-F1, while this compound
suppressed the phosphorylation of ERK and Akt at
12 h of incubation. These data suggest that G-F1 can
modulate the intracellular signaling cascade composed
of MAPK and survival signaling by Akt. However, how
this compound can increase the activation of such en-
zymes or how the signaling cascade can be suppressed
by G-F1 have not yet been elucidated. Therefore, further
experiments will be continued to address these questions.

Conclusively, in this study, we found that G-F1 was
able to suppress the proliferation of B16 cells, induction
of morphological changes, and production of melanin,
and G-F1 was able to modulate the clustering of B16
cells and the intracellular signaling cascade. Therefore,
our results suggest that G-F1 can be applied as a novel
skin cancer drug with anti-proliferation, anti-migration,
and whitening functions. Further in vivo efficacy test
and molecular mechanism studies will be continued in
the next project.
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Fig. 6. Effect of ginsenoside (G)-F1 on the activation of signaling
enzymes involved in cell survival and proliferation. B16 cells (5x10°
cells/mL) were incubated with G-F1 for the times indicated. After
immunoblotting, total or phospho-protein levels of ERK, p38, JNK,
Akt, and b-actin were identified with their total protein- or phospho-
specific antibodies.
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