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Abstract
We recently reported that (23R, 24E)-23-acetoxymangiferonic acid (23R-AMA), a cycloartane triterpenoid isolated by 
activity-guided separation from a methanol extract of Garcinia sp. bark, inhibited melanin production via inhibition of 
tyrosinase (TYR) expression in the B16-F10 melanoma cell line. Since 23R-AMA also inhibited microphthalmia-associated 
transcription factor (MITF) expression, an upstream factor of TYR, these features of 23R-AMA were thought to be appro-
priate for development of whitening cosmetics. However, 23R-AMA exhibited growth inhibition other than inhibition of 
melanin production in B16-F10 cells. Therefore, we investigated biological activities of 23R-AMA in detail, focused on its 
application as an anti-melanoma compound. In this study, we demonstrated that 23R-AMA inhibited cell proliferation and 
basic FGF (bFGF)-induced migration in B16-F10 cells. Furthermore, 23R-AMA promoted ser45/thr41 phosphorylation of 
β-catenin and suppressed its intranuclear accumulation, which was suggested to be related to inhibition of MITF expression. 
The transcriptional activity of MITF is known to be regulated by phosphorylation via activated ERK. Further investiga-
tion revealed that 23R-AMA inhibited phosphorylation of c-Raf, MEK-1, and ERK, and also that of upstream molecules 
including FAK and c-Src. These results suggested that 23R-AMA inhibited growth and migration of B16-F10 melanoma 
by regulating both MITF expression and its activity. The activities of 23R-AMA reported in this study are new aspects of 
cycloartane triterpenoids.
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Introduction

Melanocytes are cells producing melanin pigments in the 
basal layer under the epidermis. Melanin formation starts 
from hydroxylation of l-tyrosine to l-DOPA, which is the 

rate-limiting step in melanin synthesis and is catalyzed by 
tyrosinase (TYR) located in melanosomes. Melanin pig-
ments prevent cell damage from ultraviolet rays by cover-
ing the nucleus. Since excessive accumulation of melanin 
causes blemishes and freckles, a lot of studies have sought a 
component having whitening effects such as inhibiting mela-
nin generation and/or promoting melanin decomposition. In 
the process of melanin synthesis in stimulated melanocytes, 
such as by ultraviolet rays and friction, microphthalmia-
associated transcription factor (MITF) is a master tran-
scription factor, which promotes gene expression of TYR, 
tyrosinase-related protein-1 (TRP-1), and TRP-2. Mature 
melanosomes are transported to the keratinocytes by den-
drites, and are moved to the skin surface with the differen-
tiation of the keratinocytes [1]. The melanocytes produce 
melanin to protect somatic cells from ultraviolet rays, but 
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these cells may be transformed to malignant melanoma by 
oncogenesis.

Melanoma is a type of skin cancer whose worldwide inci-
dence has steadily increased over the last several decades. 
Annual incidence has risen as rapidly as 4–6% in many fair-
skinned populations that predominate in regions like North 
America, Northern Europe, Australia, and New Zealand [2]. 
Melanoma is known as the most malignant skin cancer with 
a high fatality rate since its progressing state shows resist-
ance to various treatments. It has been reported that MITF 
expression is elevated or mutated in melanoma [3]. Recently, 
MITF-M, one of the isoforms of MITF, was reported to be 
specifically expressed in melanoma cells [4]. Furthermore, 
the forced expression of MITF caused tumorigenesis of 
immortalized melanocytes. Apoptosis of malignant mela-
noma was induced by functional inhibition of MITF [5]. 
These reports indicated that MITF is a pathogenic factor in 
melanoma and a potential target molecule for therapy.

We recently reported that (23R, 24E)-23-acetoxymangif-
eronic acid [(23R, 24E)-23-acetoxy-3-oxocycloart-24-en-
26-oic acid] (23R-AMA), a cycloartane triterpenoid isolated 
from a methanol extract of Garcinia sp. bark, has inhibitory 
activity against melanin production via inhibition of TYR 
expression in the B16-F10 melanoma cell line [6]. Plants 
of the genus Garcinia are evergreen trees of the Clusiaceae 
family. Xanthones, such as α-mangostin and gambogic 
acid, and (−)-hydroxycitric acid have been isolated from 
plants of the genus Garcinia, and these compounds have 
been reported to have anti-inflammatory, antioxidant, and 
antitumor activity [7–10]. Cycloartane triterpenoids, such as 
euphonerin D [11] isolated from Euphorbia neriifolia, and 
combretic acid B and combretanone G [12] isolated from 
Combretum quadrangulare, have been reported to show an 
antitumor effect by apoptosis induction by increasing DR5 
promoter activity. In addition, it has been reported that seven 
kinds of cycloartane-type triterpenoids, including cycloarte-
nol, isolated from Amberboa ramosa have TYR inhibitory 
activity [13]. Thus, numerous compounds having a cycloar-
tane skeleton with various bioactivities have been reported. 
However, no detailed mechanism of action has been investi-
gated for cycloartane-type triterpenoids isolated from plants 
of the genus Garcinia.

In this study, we investigated the detailed mode of action 
of 23R-AMA-induced inhibitory effects on cell proliferation 
and migration in B16-F10 melanoma, and found that these 
activities were caused by inhibitory regulation to both MITF 
expression and its transcriptional activity, and which were 
elicited by inhibition of β-catenin and c-Raf–MEK1–ERK 
signaling axis including FAK and c-Src.

Materials and methods

Materials

The barks of Garcinia sp. were collected in Johor, Malay-
sia in August 2003. The botanical identification was made 
by Mr. Teo Leong Eng, Faculty of Science, University 
of Malaya. Voucher specimens (Herbarium No. 5044) are 
deposited in the Herbarium of the Chemistry Department, 
University of Malaya. Details of the structure elucidation 
of 23R-AMA extracted from this plant were described in 
a recent report [6].

1-tert-Butyl-3-(4-chlorophenyl)-1H-pyrazolo[3,4-d]
pyrimidin-4-amine (PP2), an Src family kinase inhibitor, 
was purchased from Abcam (Cambridge, UK).

Cell culture

The B16-F10 melanoma cell line was provided by ATCC 
(Manassas, VA, USA) and cultivated in RPMI 1640 
medium (Wako Pure Chemical Industries, Ltd., Osaka) 
containing 10% FBS (Equitec-Bio, Inc., TX, USA) and 
penicillin–streptomycin (Wako Pure Chemical Industries, 
Ltd.).

Drug evaluation by melanin production

B16-F10 cells were seeded at a density of 5.0 × 104 cells/
well in a 24-well plate, and 3-isobutyl-1-methylxanthine 
(IBMX; Wako Pure Chemical Industries, 100 μM) and 
[Nle4, d-Phe7]-α-melanocyte-stimulating hormone tri-
fluoroacetate salt (α-MSH; Sigma-Aldrich, St. Louis, 
MO, USA, 0.25 μM) as a melanin production inducer, 
various concentrations of 23R-AMA (6.25–25 μg/mL; 
11.7–46.7 μM), and arbutin (750 μM) as a positive con-
trol were added, and the cells were cultured for 72 h. Cells 
were lysed with 0.1 M NaOH and total melanin content 
was measured by absorbance at 360  nm. In addition, 
the protein content of the cell lysate was measured with 
Coomassie Protein Assay Reagent (Thermo Scientific, 
Waltham, MA, USA) by absorbance at 595 nm.

Evaluation of cytotoxic effects by lactate 
dehydrogenase (LDH) activity and cell proliferation

B16-F10 cells were seeded in a 96-well plate at a den-
sity of 1.0 × 104 cells/well and various concentrations of 
23R-AMA (3.13–50 μg/mL; 5.8–93.4 μM) were added. 
After cultivation for 24 h, LDH activity of the culture 
medium was evaluated by Cytotoxicity LDH Assay Kit-
WST (Dojindo, Kumamoto) according to the instruction 
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manual. B16-F10 cells cultured under the same conditions 
as the LDH assay were collected by trypsin treatment and 
counted with a hemocytometer.

Migration assay

B16-F10 cells were seeded in a chemotaxis chamber (pore 
size 3 μm; BD Biosciences, Franklin Lakes, NJ, USA) set 
on 24-well plates. After 12 h cultivation with/without 23R-
AMA (12.5 μg/mL; 23.4 μM), basic FGF (bFGF: Wako Pure 
Chemical Industries, Ltd.) was added in the lower com-
partment, and cells were cultivated for 24 h. The cells that 
moved through to underneath the membrane were washed 
with ice-cold PBS, fixed with 10% formalin, and stained 
with 3% Giemsa solution (MERCK KGaA, Darmstadt, Ger-
many). For quantification of migrated cells, the cells remain-
ing on the membrane of the upper layer were all removed 
with a cotton swab, and MTT assay was performed on the 
migrating cells remaining under the membrane. Formazan 
produced by adding MTT solution to the lower layer was 
dissolved with DMSO and its absorbance at 570 nm was 
measured [14].

Flow cytometry analysis

Cells subjected to various treatments were washed with ice-
cold PBS and then washed with assay buffer [10 mM Hepes 
(pH 7.4), 137 mM NaCl, 1 mg/mL glucose, 0.5 mM EDTA, 
0.001% NaN3, 0.3% BSA] and collected. After cells were 
stained with various antibodies, the fluorescence of FITC 
and PE on cells was detected with a flow cytometer (FACS-
Verse; BD Biosciences). When the biotinylated antibody was 
used, cells were stained with streptavidin APC-Cy™7 (BD 
Pharmingen, Franklin Lakes, NJ, USA) after the primary 
antibody binding, and its fluorescence was analyzed.

Reverse Transcription–Polymerase Chain Reaction 
(RT‑PCR)

Total RNA (2 μg) extracted from cells in the culture was 
used as a template for cDNA synthesis. cDNA was prepared 
by use of a Rever Tra Ace (TOYOBO Co., Ltd., Osaka). 
Primers were synthesized on the basis of the reported mouse 
mRNA sequences for GAPDH, MITF, TYR, c-MET, TCF1, 
integrin αV, integrin α4, integrin α5, integrin β1, and inte-
grin β3. Sequences of the primers used for PCR were as 
follows. GAPDH: forward 5′-TCA​TCA​TCT​CCG​CCC​CTT​
C-3′, reverse 5′-TGC​CTG​CTT​CAC​CAC​CTT​CT-3′; MITF: 
forward 5′-GTG​CAG​ACC​CAC​CTG​GAA​AAC-3′, reverse 
5′-AGT​TAA​GAG​TGA​GCA​TAG​CCA​TAG​-3′; TYR: forward 
5′-GAT​CAG​AAG​AGT​ATA​ATA​GCCAT-3′, reverse 5′-CAA​
TAT​AAG​GGC​TGT​AAA​AGCCT-3′; c-MET: forward 
5′-ATT​GGA​CCC​AGC​AGC​CTG​ATTG-3′, reverse 5′-AGC​

TTG​GCA​CCC​GTC​TTG​TTGT-3′; TCF1: forward 5′-CCA​
ACA​TTC​TCA​GGT​CGC​TCT-3′, reverse 5′-GGC​CTA​AAC​
GTA​TCC​TAG​TCCC-3′; integrin αV: forward 5′-GCC​AGC​
CCA​TTG​GAG​TTT​GATT-3′, reverse 5′-GCT​ACC​AGG​ACC​
ACC​GAG​AAG-3′; integrin α4: forward 5′-GGC​TCC​ATC​
ATC​AAA​GAC​C-3′, reverse 5′-AAA​TCA​TTC​CCT​TTA​AGT​
CGG-3′; integrin α5: forward 5′-AAT​GCC​CTG​AAG​CCA​
AGT​GTT-3′, reverse 5′-TCA​GGA​AGT​GCC​TAG​TCC​CT-3′; 
integrin β1: forward 5′-TGG​CAA​CAA​TGA​AGC​TAT​CGT-
3′, reverse 5′-GTG​TTG​CAA​AAT​CCG​CCT​GA-3′; integrin 
β3: forward 5′-CCT​CTT​CGG​CTA​CTC​GGT​C-3′, reverse 
5′-ACT​CCA​AGC​CAC​ATC​TCC​TCA-3′.

Amplification was conducted for 22–32 cycles, each 
of 94 °C for 30 s, 58 °C for 30 s, and 72 °C for 1 min in 
a 25 μL reaction mixture containing 25 ng/5 μL of each 
cDNA, 25 pmol of each primer, 0.2 mM dNTP, and 1 U of 
Taq DNA polymerase (Qiagen, Valencia, CA, USA). After 
amplification, 15 μL of each reaction mixture was analyzed 
by 1.5% agarose gel electrophoresis, and the bands were then 
visualized by ethidium bromide staining.

Western blot analysis

After 23R-AMA and IBMX treatments, the cells were 
washed with PBS, harvested with 2 × Laemmli buffer 
[125  mM Tris–HCl (pH 6.8), 4% SDS, 20% glycerol, 
0.0025% bromophenol blue (BPB)], and then sonicated for 
15 s. The protein concentration in the cell lysate was meas-
ured with a bicinchoninic acid protein assay kit (Thermo 
scientific). Each sample containing equal amounts of protein 
was subjected to 7–10% SDS–polyacrylamide gel electro-
phoresis (PAGE), and the proteins separated in the gel were 
subsequently electrotransferred onto a polyvinylidene dif-
luoride membrane. After being blocked with 5% skim milk, 
the membrane was incubated with goat anti-TYR antibody 
(Santa Cruz Biotechnology, Santa Cruz, CA, USA), mouse 
anti-MITF antibody (Thermo scientific), mouse anti-Bax, 
anti-Bcl-2, anti-Bcl-xL, anti-Fyn(pTyr528)/c-Src(pTyr530), 
rabbit anti-Mcl-1 (BD Biosciences), mouse anti-MEK1/2, 
rabbit anti-c-Raf, anti-LC3, anti-Bad, anti-Bid, anti-mTOR, 
anti-β-catenin, anti-p-β-catenin (Ser33/Ser37/Thr41, Ser45/
Thr41, Ser552, Ser675), anti-ERK1/2, anti-p-ERK1/2, anti-
p-MEK1/2, anti-p-c-Raf, anti-B-Raf, anti-p-B-Raf antibody 
(Cell Signaling Technology, Inc., Beverly, MA, USA) and 
subsequently with peroxidase-conjugated anti-mouse, anti-
rabbit IgG antibody (GE Healthcare, Fairfield, CT, USA) or 
anti-goat antibody (Santa Cruz Biotechnology). Immunore-
active proteins were visualized with western blot chemilu-
minescence reagents (Wako Pure Chemical Industries, Ltd.).

For preparation of nuclear protein extract, cells sub-
jected to various treatments were washed with PBS, and 
hypotonic buffer [10 mM Hepes (pH 7.4), 10 mM KCl, 
0.1 mM EDTA, 0.1% NP-40, 1 mM DTT (dithiothreitol), 
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1 mM 4-(2-aminoethyl)benzensulfonyl fluoride hydrochlo-
ride (ABSF), 2 μg/mL aprotinin, 2 μg/mL pepstatin, 2 μg/mL 
leupeptin] was added. The collected solution was centrifuged 
at 2400 × g at 4 °C for 5 min, the supernatant was removed. 
Hypertonic buffer [50 mM Hepes (pH 7.4), 420 mM KCl, 
0.1 mM EDTA, 5 mM MgCl2, 20% glycerol, 1 mM DTT, 
1 mM ABSF, 2 μg/mL aprotinin, 2 μg/mL pepstatin, 2 μg/
mL leupeptin] was added to precipitate, and the mixture was 
stirred by tapping for 1 h on ice. Centrifuged at 13,800 × g, 
4 °C for 15 min, and the supernatant was used as a nuclear 
extracted protein. Coomassie Protein Assay Reagent (Thermo 
scientific) was used for protein quantification and diluted with 
hypertonic buffer to contain equal amounts of protein [15].

Results

23R‑AMA‑induced inhibition of melanin production

The addition of α-MSH and IBMX promoted melanin pro-
duction in 3-day cultivation. Addition of 23R-AMA (Fig. 1a) 
completely suppressed melanin accumulation in B16-F10 with 
morphological change (Fig. 1b). 23R-AMA strongly inhibited 
melanin content to 15% at 12.5 μg/mL and to 12% at 25 μg/
mL, as compared with the induced group that was stimulated 
by α-MSH and IBMX (Fig. 1c, 100%). Melanin content in 
the 23R-AMA-treated group was less than in the non-treated 
group without α-MSH and IBMX. The positive control arbutin 
(750 μM), which is a versatile whitening agent, suppressed 
melanin content to 43% (Fig. 1c). Such inhibition by 23R-
AMA shown in Fig. 1b, c was also observed in melanin induc-
tion by only IBMX. Therefore, only IBMX was used as mela-
nin inducer in the following experiments to simplify analyses.

The protein expression of TYR and MITF, a key enzyme 
and a transcription factor, respectively, in B16-F10 treated 
with 23R-AMA was examined by western blotting (WB). 
Protein expression of TYR and MITF is increased by 24 h 
after IBMX addition, but these expressions were completely 
suppressed by addition of 23R-AMA (Fig. 1d). Furthermore, 
23R-AMA-induced reduction of protein expression of both 
TYR and MITF was observed in the samples without IBMX. 
In these experimental conditions, although 23R-AMA-inhib-
ited cell proliferation with morphological change (Fig. 1b, c) 
was obvious, noticeable cytotoxic effects were not observed 
(Fig. 1b).

Inhibition of cell proliferation 
by 23R‑AMA and influence on apoptosis‑ 
and autophagy‑related protein expression

23R-AMA suppressed the production of melanin and 
reduced the total amount of protein (Fig. 1c). The LDH 
assay was performed to evaluate the cytotoxic action of 

23R-AMA. As a result, high dose 23R-AMA (50 μg/mL) 
increased LDH activity to the same degree as doxorubicin 
(positive control, 1  μg/mL), which indicates cytotoxic 
effects. Intermediate concentration (25 μg/mL) of 23R-AMA 
also slightly elevated LDH activity, but not from 3.13 to 
12.5 μg/mL. 23R-AMA (12.5 μg/mL) induced the morpho-
logical change of B16-F10 the same as in Fig. 1b (data not 
shown), and the cell number in a well was suppressed to 60% 
compared to the non-treated control group (insert in Fig. 2a).

Furthermore, protein expression related to apoptosis and 
autophagy was investigated by WB. The change in expres-
sion of Bcl-2, Bcl-XL, and Mcl-1 preventing apoptosis 
was not observed in 23R-AMA-treated cells by WB. The 
expression of Bax, Bid, and Bad, which are factors promot-
ing apoptosis, was also not altered by the addition of 23R-
AMA (Fig. 2b). Furthermore, 23R-AMA did not influence 
LC3-II expression and mTOR phosphorylation, which are 
autophagy indicators (Fig. 2c).

Therefore, the total protein reduction elicited by 23R-
AMA is not the consequence of cell death, but it was related 
to its growth inhibition activity.

Suppression of cell migration in B16‑F10 
cells by 23R‑AMA

Considering the possibility that the morphological change of 
B16-F10 induced by 23R-AMA affects adhesion, invasion, 
and metastasis of cancer cells, the effect of 23R-AMA on 
cell migration was investigated. The bFGF-dependent cell 
migration was inhibited by 23R-AMA according to micro-
scopic observations after Giemsa staining (Fig. 3a). In the 
MTT assay to quantitatively measure the migrating cells, 
23R-AMA (12.5 μg/mL) significantly suppressed bFGF-
induced cell migration to a level comparable to that of the 
non-induced control group (Fig. 3b).

23R‑AMA‑induced phosphorylation of β‑catenin 
and its inhibition of intranuclear accumulation

The expression of MITF protein was suppressed by addi-
tion of 23R-AMA (Fig. 1d). Since the expression of MITF 
is known to be regulated by CREB and β-catenin [15, 16], 
CREB protein expression and its phosphorylation after 
23R-AMA treatment were analyzed by WB. As a result, no 
change was evident in the phosphorylation of CREB (data 
not shown).

The activity of β-catenin as a transcription factor is 
adjusted according to the site to be phosphorylated. Phos-
phorylation in β-catenin ser45/thr41 at 24 h after 23R-AMA 
addition was enhanced compared with the control in the 
presence or absence of IBMX, while whole β-catenin con-
tent was not altered. On the other hand, phosphorylation at 
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Fig. 1   23R-AMA-induced 
inhibition of melanin produc-
tion. a Structure of 23R-AMA 
[6]. b B16-F10 cells were 
seeded in a 24-well plate at 
5.0 × 104 cells/well. α-MSH 
(0.25 μM) and IBMX (100 μM) 
as melanin inducer and 23R-
AMA (12.5 μg/mL) were 
added and cultured for 72 h. c 
B16-F10 cells were seeded in a 
24-well plate at 5.0 × 104 cells/
well, and IBMX (100 μM), 
α-MSH (0.25 μM), and various 
concentrations of 23R-AMA 
(6.25, 12.5, 25 μg/mL) were 
added and cultured for 48 h. 
Cells were lysed with 50 μL 
of 0.1 M NaOH and the total 
melanin content and protein 
concentration were measured 
by absorbance at 360 and 
595 nm, respectively. Arbutin 
(750 μM) was applied as a posi-
tive control. d B16-F10 cells 
were seeded in a 60-mm dish 
at 6.0 × 105 cells/dish, and then 
IBMX (100 μM) was added as 
a melanin production inducer. 
IBMX-stimulated cells with/
without 23R-AMA (12.5, 25 μg/
mL) were harvested after 24 h 
cultivation, and western blot 
was performed using specific 
antibodies to TYR [6] and 
MITF
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ser33/ser37/thr41, ser552, and ser675 was not affected by 
23R-AMA treatments (Fig. 4a). Since phosphorylation in 
ser45/thr41 in β-catenin was reported to suppress its nuclear 
accumulation [16], β-catenin content in nuclear protein 

extracts was studied using WB in the same conditions. As a 
result, the content of β-catenin in the nucleus was obviously 
suppressed at 24 h from the addition of 23R-AMA (Fig. 4b, 
12.5 and 25 μg/mL).

Fig. 2   Inhibition of cell pro-
liferation by 23R-AMA and 
influence on apoptosis- and 
autophagy-related protein 
expression. a B16-F10 cells 
were seeded in a 96-well plate 
at a density of 1.0 × 104 cells/
well and various concentrations 
of 23R-AMA (3.13–50 μg/mL) 
were added and cultured for 
24 h. LDH activity of the cul-
ture supernatant was evaluated 
by Cytotoxicity LDH Assay 
Kit-WST. The number of B16-
F10 indicated in the insert was 
counted with a hemocytometer 
after treatments of 23R-AMA 
(12.5 μg/mL) under the same 
conditions as the LDH assay. b, 
c B16-F10 cells were seeded in 
a 60-mm dish at 6.0 × 105 cells/
dish, and then IBMX (100 μM) 
was added as a melanin inducer. 
IBMX-induced cells with/with-
out 23R-AMA (12.5, 25 μg/mL) 
were harvested after 24 h culti-
vation and WB was performed 
using specific antibodies to b 
Bcl-2, Bcl-xl, Mcl-1, Bax, Bid, 
and Bad; c LC3, mTOR, and 
p-mTOR
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Inhibition of β‑catenin downstream gene 
expression by 23R‑AMA treatments

Since the suppression of MITF expression is suggested to 
be caused by 23R-AMA-induced suppression of β-catenin 
accumulation in the nucleus, the change in downstream gene 
regulated by β-catenin [17] was examined by RT-PCR. As 
a result, mRNA expression of MITF, TCF1, and c-Met was 
respectively reduced from 3 to 12 h after the addition of 
23R-AMA (Fig. 5).

Inhibition of phosphorylation of c‑Raf, MEK, 
and ERK by 23R‑AMA treatments

Phosphorylation of the factors that regulate transcriptional 
activity of MITF was examined after 23R-AMA treatment 
by WB. Activated ERK is reported to phosphorylate MITF 
and stimulate its activity [18]. As a result, 23R-AMA sup-
pressed phosphorylation of c-Raf, MEK1/2, and ERK1/2 
(Fig. 6a). The same analysis was carried out for B-Raf, 
which is a c-Raf isoform and reported to be frequently 

activated in malignant melanoma [19, 20], but 23R-AMA 
did not affect B-Raf phosphorylation (Fig. 6b).

Inhibition of phosphorylation in c‑Src/Fyn 
and FAK by 23R‑AMA

c-Src/Fyn and FAK, which regulate the phosphorylation 
of c-Raf via Ras [21, 22], were examined as the upstream 
factors of the c-Raf–MEK1–ERK–MITF signaling axis. 
Consequently, 23R-AMA continuously suppressed c-Src/
Fyn and FAK phosphorylation at 3–24 h from the addition 
(Fig. 7a). Subsequently, in order to confirm whether c-Src/
Fyn phosphorylates c-Raf in B16-F10, phosphorylation of 
c-Raf was examined using PP2 as c-Src family inhibitor. 
As a result, phosphorylation of c-Raf was attenuated by 
inhibition of upstream Src family kinase with PP2 pretreat-
ment. Therefore, it was suggested that the phosphorylation 
of c-Raf is regulated by Src family kinases in B16-F10 
cells (Fig. 7b).

Fig. 3   Suppression of cell 
migration in B16-F10 cells by 
23R-AMA. Cell culture inserts 
were placed in a 24-well plate, 
B16-F10 cells were seeded at 
a density of 2.0 × 104 cells/mL 
in the upper layer, and 23R-
AMA (12.5 μg/mL) was added 
and cultured for 12 h. After 
cultivation, the medium of the 
lower layer was replaced with 
a medium containing bFGF 
(100 ng/mL) and incubated 
for 24 h. a B16-F10 cells that 
migrated to the back side of 
the membrane induced by 
bFGF were observed under 
a microscope after staining 
with Giemsa solution. b After 
incubation, all non-migratory 
cells remaining on the upper 
membrane were removed with 
a cotton swab and only the 
migrating cells remaining under 
the membrane were detected 
by MTT assay. (**p < 0.01, 
***p < 0.005, n = 6)
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Influence of 23R‑AMA on integrin expression

FAK phosphorylation is mainly controlled by an integrin 
known as cell adhesion factor. Thus, the effects of 23R-AMA 
on the integrin expression were investigated by RT-PCR 
and flow cytometry. Integrin αV, α4, α5, β1, and β3, which 
is reported to be expressed in B16-F10 cells was examined 
[23, 24]. After 23R-AMA treatment, the gene expression of 
integrin αV is reduced at 9–24 h, but that of β3 was increased 
at 3–24 h (Fig. 8). Significant changes in expression of inte-
grin α4, α5, and β1 were not observed. From these results, 
since 23R-AMA was expected to have some effects on the 
expression of integrins, the expression of integrins on the 
cell surface was examined by flow cytometry. However, con-
trary to the results in gene expression, the major integrins 
expressed on the cell surface in B16-F10 were not influenced 
by 23R-AMA (data not shown).
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Fig. 4   23R-AMA-induced phosphorylation of β-catenin and its inhi-
bition of intranuclear accumulation. a, b B16-F10 cells were seeded 
in a 60-mm dish at 6.0 × 105  cells/dish and IBMX, as a melanin 
inducer, and 23R-AMA (12.5, 25 μg/mL) were added. Cells were har-
vested 24 h after the addition of the samples and WB was performed 
using an antibody against a β-catenin, p-β-catenin (T41/S45, S33/
S37/T41, S552, S675). b B16-F10 cells were treated with 23R-AMA 
under the same conditions as in a. Nuclear protein was extracted 
24 h after sample addition and WB was performed using an antibody 
against β-catenin

Fig. 5   Inhibition of β-catenin downstream gene expression after 23R-
AMA treatments. B16-F10 cells were seeded in a 60-mm dish at 
6.0 × 105  cells/dish and IBMX (100 μM), as a melanin inducer, and 
23R-AMA (12.5 μg/mL) were added. Total RNA was collected over 
time from sample addition and cDNA was prepared by RT reaction. 
RT-PCR was performed using cDNAs, and specific primers of MITF, 
TCF1, c-Met, and GAPDH, and the expression level of mRNA was 
semi-quantitatively examined. The numbers in parentheses indicate 
the number of PCR cycles
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Fig. 6   Inhibition of phosphorylation of c-Raf, MEK, and ERK by 
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6.0 × 105 cells/dish, and then IBMX (100 μM) was added as a mela-
nin inducer. IBMX-induced cells with/without 23R-AMA (25  μg/
mL) were harvested over time from sample addition and WB was 
performed using specific antibodies to a c-Raf, p-c-Raf, MEK1/2, 
p-MEK1/2, ERK1/2, and p-ERK1/2; b B-Raf and p-B-Raf
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Discussion

We isolated 23R-AMA, a cycloartane triterpenoid, from a 
methanol extract of Garcinia sp. bark by activity-guided 
separation [6]. 23R-AMA completely suppressed α-MSH/
IBMX-induced intracellular melanin accumulation in 
the B16-F10 melanoma cell line at concentrations over 
12.5 μg/mL (Fig. 1b); 23R-AMA was more potent than 
arbutin used as positive control (Fig. 1c). In examining 
the mechanism of action, protein expression of TYR and 
MITF, which plays a central role in melanin production, 
was suppressed by 23R-AMA treatments (Fig. 1d). Inhibi-
tion of expression of both proteins was also observed in 
B16-F10 without IBMX. Since many whitening cosmetics, 
such as arbutin, targeted TYR, 23R-AMA was thought to 
possibly be a candidate for a new whitening agent. How-
ever, 23R-AMA also induced morphological change and 
reduction of total protein content in B16-F10 (Fig. 1b, c), 
features making them unsuitable as cosmetics.

Since recent studies reported that MITF is a crucial tar-
get in melanoma therapy [3–5], this study focused on the 
antitumor activity of 23R-AMA. Many cytotoxic effects 
of current anticancer drugs have been explained by the 
induction of apoptosis and cell death accompanied by 
autophagy. However, 23R-AMA-induced growth inhibition 
seemed to be different from apoptotic images generally 
seen in cell death. Therefore, apoptosis- and autophagy-
related factors were investigated after 23R-AMA treatment 
by WB. Significant change of apoptosis-related factor, 
Bcl-2 family protein, and indicators of autophagy such as 
LC3-II and mTOR was not observed. These results sug-
gested that total protein reduction by 23R-AMA is related 
to inhibition of proliferation and is not caused by induction 
of apoptotic cell death and autophagy.

Many compounds with a cycloartane skeleton have been 
reported to show cytotoxic action, the effects of which are 
due to induction of apoptosis [25–27]. Previous studies 
have reported cycloartane triterpenoids having cellular 
proliferation inhibitory action on cancer cells by affecting 
cell adhesion and migration [26, 27]. Therefore, the effect 
of 23R-AMA on cell migration, which is involved in inva-
sion and metastasis of cancer cells including melanoma, 
was investigated. Consequently, 23R-AMA significantly 
suppressed bFGF-induced cell migration compared to the 
control group (Fig. 3). Although MITF regulates melanin 
production as a transcription factor, it is also known to 
control cell cycle, proliferation, survival, and migration 
[28, 29]. MITF activity is regulated by phosphorylation, 
and its expression is mainly controlled by CREB and 
β-catenin [15]. 23R-AMA did not affect phosphorylation 
of CREB. However, 23R-AMA increased phosphorylation 
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dish, and 23R-AMA (25 μg/mL) was added. Cells were collected over 
time 24 h, a after sample addition, and WB was performed using spe-
cific antibodies against p-FAK, pc-Src/Fyn, or c-Src. b B16-F10 cells 
were seeded in a 60-mm dish at 6.0 × 105  cells/dish, and 23R-AMA 
and PP2 (25  μM) as Src family kinase inhibitor were added. Cells 
were collected over time 24 h after sample addition and WB was per-
formed using specific antibodies against p-c-Src/Fyn and p-c-Raf
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of β-catenin at Ser 45/Thr 41 (Fig. 4a) and downregulated 
accumulation of β-catenin in the nucleus (Fig. 4b).

MITF, c-Met, and TCF1 are transcripted as down-
stream genes of β-catenin [16, 17], which were inhibited 
by 23R-AMA (Fig. 5). TCF1 binds to β-catenin and acts as 
a transcription factor, controlling not only the target gene 
including MITF but also the expression of TCF1 itself [15]. 
Since 23R-AMA suppresses gene expression of TCF1 at 3 h 
from addition, these results correspond to the inhibition of 
β-catenin accumulation in the nucleus in Fig. 4b.

We demonstrated that 23R-AMA influenced β-catenin 
and TCF that regulate the expression of MITF. However, 
the regulation of activity of MITF by phosphorylation is 
mainly performed by the MAPK/ERK signaling pathway 
[18]. The MAPK/ERK signaling pathway is functionally 
enhanced in various cancers including melanoma, and many 
melanoma therapeutic drugs target these pathways. There-
fore, influences of 23R-AMA on phosphorylation of c-Raf, 
MEK1/2, and ERK1/2, which plays a central role in the 
MAPK/ERK signaling pathway, was examined by WB. The 
results showed that 23R-AMA suppressed phosphorylation 
of c-Raf, MEK1/2, and ERK1/2 (Fig. 6a). On the other hand, 
B-Raf, an isoform of c-Raf, was examined under the same 
conditions as c-Raf, but the effect on B-Raf phosphorylation 
was not observed (Fig. 6b). From these results, it was sug-
gested that 23R-AMA inhibits the signaling axis from c-Raf 
to ERK, and suppressed MITF activation.

Phosphorylation of c-Raf is known to be regulated by 
Ras, c-Src, and others [30]. Subsequent analysis revealed 
that 23R-AMA suppressed phosphorylation of c-Src/Fyn 
(Fig. 7a). In addition, 23R-AMA suppressed phosphorylation 
of focal adhesion kinase (FAK) controlling the phosphoryla-
tion of c-Src/Fyn (Fig. 7a). Pretreatment of Src family kinase 
inhibitor PP2, which elucidated the relationship between 
c-Raf and Src family kinase, inhibited not only phospho-
rylation of c-Src/Fyn but also that of c-Raf (Fig. 7b). This 
result suggested that c-Src/Fyn is located upstream of c-Raf 
and was speculated to control c-Raf phosphorylation via Ras 
in B16-F10 cells. Taken together, 23R-AMA was thought to 
suppress the c-Raf–MEK-1–ERK signaling axis via inhibi-
tion of phosphorylation of FAK-c-Src/Fyn.

In about 40–60% of melanoma, a mutation in B-Raf, 90% 
of which is a V600E mutation (valine (V) is substituted with 
glutamic acid (E) at the 600th amino acid), was reported 
[20, 31]. Currently, a therapeutic agent targeting the V600E 
mutation has been studied and developed. Drug resistance 
is reported to occur while its antitumor effect is high at the 
initial administration [32]. Various research on resistance 
formation has been conducted, but the detailed mechanism 
has yet to be elucidated. The most promising theory about 
the mechanism for reactivation is transactivation of c-Raf 
[32]. In melanoma cells, B-Raf is responsible for much of 
the signaling of the MAPK/ERK signaling pathway, and 

inhibition of B-Raf is compensated for by c-Raf activation 
and downstream MEK and ERK [21, 30]. Considering such 
reports, the effect of 23R-AMA that suppresses only the 
activity of c-Raf without affecting B-Raf activity seems to 
be interesting and significant.

FAK and c-Src/Fyn are defined as mediators of the 
MAPK/ERK signaling pathway [33, 34], but they are also 
deeply involved in cell adhesion and migration. In particular, 
FAK plays a central role in signal transduction mediated 
by integrins [34]. We preliminarily examined gene expres-
sion of integrin αV, α4, α5, β1, and β3, which are reported to 
be expressed in B16-F10, and confirmed their expression 
(Fig. 8). The expression of integrin α4, α5, and β1 was not 
altered by the addition of 23R-AMA. The expression of inte-
grin αV after addition of 23R-AMA was downregulated, but 
β3 was upregulated (Fig. 8). Integrin forms a heterodimer on 
the cell surface and it has been reported that expression of 
integrin αVβ3, which is a vitronectin receptor, is enhanced in 
melanoma and contributes largely to cell adhesion, migra-
tion, and invasion [35]. However, contrary to the results in 
Fig. 8, flow cytometric analysis revealed that 23R-AMA did 
not affect the expression of major integrins on the cell sur-
face including αV and β3 in B16-F10 (data not shown). Rea-
sons for this discrepancy in results are unknown at present 
and should be elucidated in the future.

When cells bind to extracellular matrix via integrin, 
phosphorylation of protein involved in cell adhesion such 
as FAK, paxillin, and talin, is observed, and Src family 
kinase subsequently is phosphorylated. These phosphoryla-
tions transmit the signals to the formation of cell adhesion 
plaques and the Rho family that is the main regulator of 
cell morphology, and cell proliferation and movement with 
cytoskeletal reconstruction are regulated. Previous studies 
reported that proteins associated with cell adhesion were 
not phosphorylated in the cells lacking FAK or Src fam-
ily kinase, and cell expansion and mobility are markedly 
reduced [36]. Saracatinib, an inhibitor of c-Src, is a clini-
cally used medicine which has been reported to inhibit cell 
migration and invasion of melanoma cells without inhibi-
tory effects on proliferation [37]. These reports suggest 
that 23R-AMA-suppressed bFGF-dependent cell migration 
observed in Fig. 4 might be a consequence of inhibitory 
effects on FAK and c-Src phosphorylation.

In conclusion, it is inferred that 23R-AMA inhibited 
growth and migration of B16-F10 melanoma by regulat-
ing both MITF expression and its activity via regulation of 
both β-catenin accumulation in the nucleus and the signaling 
pathway from FAK to ERK (Fig. 9). What should be empha-
sized in this study is that there has been no report that com-
pounds with a cycloartane skeleton regulate β-catenin and 
the c-Raf–MEK1–ERK signaling axis including FAK and 
c-Src. Although we could not identify the target molecule 
of 23R-AMA in this study, if further examination reveals 
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the details of 23R-AMA, its effective use can be expected to 
contribute to future melanoma research.

Acknowledgement  This work was supported by Grants in-Aid for 
Scientific Research from The Japan Society for the Promotion of Sci-
ence, Japan.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 D’Mello SAN, Finlay GJ, Baguley BC, Askarian-Amiri ME 
(2016) Signaling pathways in melanogenesis. Int J Mol Sci 
17:1144

	 2.	 Matthews NH, Li W-Q, Qureshi AA, Weinstock MA, Cho 
E (2017) Epidemiology of melanoma. In: Ward WH, Farma 
JM (eds) Cutaneous melanoma: etiology and therapy. Codon, 
Brisbane

	 3.	 Garraway LA, Widlund HR, Rubin MA, Getz G, Berger AJ, 
Ramaswamy S, Beroukhim R, Milner DA, Granter SR, Du J, 
Lee C, Wagner SN, Li C, Golub TR, Rimm DL, Meyerson ML, 
Fisher DE, Sellers WR (2005) Integrative genomic analyses 
identify MITF as a lineage survival oncogene amplified in 
malignant melanoma. Nature 436:117

	 4.	 Vachtenheim J, Novotna H (1999) Expression of genes for 
microphthalmia isoforms, Pax3 and MSG1, in human melano-
mas. Cell Mol Biol 45:1075–1082

Fig. 9   Schematic diagram of 
the action of 23R-AMA in 
B16-F10 melanoma. Proteins/
genes painted black were fac-
tors in which downregulation 
was observed by the addition 
of 23R-AMA. FZD frizzled, 
MC1R melanocortin 1 receptor, 
RTKs receptor tyrosine kinases, 
LEF-1 lymphoid enhancer-
binding factor 1

57

http://creativecommons.org/licenses/by/4.0/


	 Journal of Natural Medicines (2019) 73:47–58

1 3

	 5.	 Larribere L, Hilmi C, Khaled M, Gaggioli C, Bille K, Auberger 
P, Ortonne JP, Ballotti R, Bertolotto C (2005) The cleavage of 
microphthalmia-associated transcription factor, MITF, by cas-
pases plays an essential role in melanocyte and melanoma cell 
apoptosis. Genes Dev 19:1980–1985

	 6.	 Nugroho AE, Matsumoto M, Sotozono Y, Kaneda T, Hadi AHA, 
Morita H (2018) Cycloartane triterpenoids with anti-melanin 
deposition activity. Nat Prod Commun 13(7):809–812

	 7.	 Anjaneyulu V, Satyanarayana P, Viswanadham KN, Jyothi VG, 
Rao KN, Radhika P (1999) Triterpenoids from Mangifera indica. 
Phytochemistry 50:1229–1236

	 8.	 Sakagami Y, Iinuma M, Piyasena KG, Dharmaratne HR (2005) 
Antibacterial activity of alpha-mangostin against vancomycin 
resistant Enterococci (VRE) and synergism with antibiotics. Phy-
tomedicine 12:203–208

	 9.	 Jena BS, Jayaprakasha GK, Singh RP, Sakariah KK (2002) Chem-
istry and biochemistry of (−)-hydroxycitric acid from Garcinia. J 
Agric Food Chem 50:10–22

	10.	 Zhang H-Z, Kasibhatla S, Wang Y, Herich J, Guastella J, Tseng 
B, Drewe J, Cai SX (2004) Discovery, characterization and SAR 
of gambogic acid as a potent apoptosis inducer by a HTS assay. 
Bioorg Med Chem 12:309–317

	11.	 Toume K, Nakazawa T, Hoque T, Ohtsuki T, Arai MA, Koyano T, 
Kowithayakorn T, Ishibashi M (2012) Cycloartane triterpenes and 
ingol diterpenes isolated from Euphorbia neriifolia in a screening 
program for death-receptor expression-enhancing activity. Planta 
Med 78:1370–1377

	12.	 Toume K, Nakazawa T, Ohtsuki T, Arai MA, Koyano T, Kowi-
thayakorn T, Ishibashi M (2011) Cycloartane triterpenes isolated 
from Combretum quadrangulare in a screening program for death-
receptor expression enhancing activity. J Nat Prod 74:249–255

	13.	 Khan MTH, Khan SB, Ather A (2006) Tyrosinase inhibitory 
cycloartane type triterpenoids from the methanol extract of the 
whole plant of Amberboa ramosa Jafri and their structure-activity 
relationship. Bioorg Med Chem 14:938–943

	14.	 Schreiber E, Matthias P, Müller MM, Schaffner W (1989) Rapid 
detection of octamer binding proteins with ‘mini-extracts’, pre-
pared from a small number of cells. Nucleic Acids Res 17:6419

	15.	 Tachibana M (2000) MITF: a stream flowing for pigment cells. 
Pigment Cell Res 13:230–240

	16.	 Maher MT, Mo R, Flozak AS, Peled ON, Gottardi CJ (2010) 
β-Catenin phosphorylated at serine 45 is spatially uncoupled from 
β-catenin phosphorylated in the GSK3 domain: implications for 
signaling. PLoS One 5:e10184

	17.	 McGill GG, Haq R, Nishimura EK, Fisher DE (2006) c-Met 
expression is regulated by mitf in the melanocyte lineage. J Biol 
Chem 281:10365–10373

	18.	 Wu M, Hemesath TJ, Takemoto CM, Horstmann MA, Wells 
AG, Price ER, Fisher DZ, Fisher DE (2000) c-Kit triggers dual 
phosphorylations, which couple activation and degradation of the 
essential melanocyte factor Mi. Genes Dev 14:301–312

	19.	 Gear H, Williams H, Kemp EG, Roberts F (2004) BRAF muta-
tions in conjunctival melanoma. Invest Ophthalmol Vis Sci 
45:2484–2488

	20.	 Davies H, Bignell GR, Cox C, Stephens P, Edkins S, Clegg S, 
Teague J, Woffendin H, Garnett MJ, Bottomley W, Davis N, Dicks 
E, Ewing R, Floyd Y, Gray K, Hall S, Hawes R, Hughes J, Kosmi-
dou V, Menzies A, Mould C, Parker A, Stevens C, Watt S, Hooper 
S, Wilson R, Jayatilake H, Gusterson BA, Cooper C, Shipley J, 
Hargrave D, Pritchard-Jones K, Maitland N, Chenevix-Trench 
G, Riggins GJ, Bigner DD, Palmieri G, Cossu A, Flanagan A, 
Nicholson A, Ho JWC, Leung SY, Yuen ST, Weber BL, Seigler 
HF, Darrow TL, Paterson H, Marais R, Marshall CJ, Wooster R, 

Stratton MR, Futreal PA (2002) Mutations of the BRAF gene in 
human cancer. Nature 417:949

	21.	 Kolch W (2000) Meaningful relationships: the regulation of the 
Ras/Raf/MEK/ERK pathway by protein interactions. Biochem J 
351:289–305

	22.	 Frame MC (2004) Newest findings on the oldest oncogene; how 
activated src does it. J Cell Sci 117:989–998

	23.	 Bosnjak M, Dolinsek T, Cemazar M, Kranjc S, Blagus T, Markelc 
B, Stimac M, Zavrsnik J, Kamensek U, Heller L, Bouquet C, Turk 
B, Sersa G (2015) Gene electrotransfer of plasmid AMEP, an 
integrin-targeted therapy, has antitumor and antiangiogenic action 
in murine B16 melanoma. Gene Ther 22:578

	24.	 Qian F, Vaux DL, Weissman IL (1994) Expression of the integrin 
α4β1 on melanoma cells can inhibit the invasive stage of metasta-
sis formation. Cell 77:335–347

	25.	 Wang D, Ma Z (2009) Cytotoxic activity of cycloartane triterpe-
noids from Sphaerophysa salsula. Nat Prod Commun 4:23–25

	26.	 Li F, Awale S, Zhang H, Tezuka Y, Esumi H, Kadota S (2009) 
Chemical constituents of propolis from Myanmar and their pref-
erential cytotoxicity against a human pancreatic cancer cell line. 
J Nat Prod 72:1283–1287

	27.	 Tian Z, Si J, Chang Q, Zhou L, Chen S, Xiao P, Wu E (2007) Anti-
tumor activity and mechanisms of action of total glycosides from 
aerial part of Cimicifuga dahurica targeted against hepatoma. 
BMC Cancer 7:237–237

	28.	 McGill GG, Horstmann M, Widlund HR, Du J, Motyckova G, 
Nishimura EK, Lin Y-L, Ramaswamy S, Avery W, Ding H-F, 
Jordan SA, Jackson IJ, Korsmeyer SJ, Golub TR, Fisher DE 
(2002) Bcl2 regulation by the melanocyte master regulator Mitf 
modulates lineage survival and melanoma cell viability. Cell 
109:707–718

	29.	 Du J, Widlund HR, Horstmann MA, Ramaswamy S, Ross K, 
Huber WE, Nishimura EK, Golub TR, Fisher DE (2004) Critical 
role of CDK2 for melanoma growth linked to its melanocyte-spe-
cific transcriptional regulation by MITF. Cancer Cell 6:565–576

	30.	 Marais R, Light Y, Paterson HF, Marshall CJ (1995) Ras recruits 
Raf-1 to the plasma membrane for activation by tyrosine phospho-
rylation. EMBO J 14:3136–3145

	31.	 Nazarian R, Shi H, Wang Q, Kong X, Koya RC, Lee H, Chen Z, 
Lee M-K, Attar N, Sazegar H, Chodon T, Nelson SF, McArthur G, 
Sosman JA, Ribas A, Lo RS (2010) Melanomas acquire resistance 
to B-RAF(V600E) inhibition by RTK or N-RAS upregulation. 
Nature 468:973

	32.	 Montagut C, Sharma SV, Shioda T, McDermott U, Ulman M, 
Ulkus LE, Dias-Santagata D, Stubbs H, Lee DY, Singh A, Drew 
L, Haber DA, Settleman J (2008) Elevated CRAF as a potential 
mechanism of acquired resistance to BRAF inhibition in mela-
noma. Cancer Res 68:4853–4861

	33.	 Schlaepfer DD, Hauck CR, Sieg DJ (1999) Signaling through focal 
adhesion kinase. Prog Biophys Mol Biol 71:435–478

	34.	 Kuphal S, Bauer R, Bosserhoff A-K (2005) Integrin signaling in 
malignant melanoma. Cancer Metastasis Rev 24:195–222

	35.	 Aznavoorian S, Stracke ML, Parsons J, McClanahan J, Liotta LA 
(1996) Integrin αvβ3 mediates chemotactic and haptotactic motil-
ity in human melanoma cells through different signaling pathways. 
J Biol Chem 271:3247–3254

	36.	 Frame MC (2002) Src in cancer: deregulation and consequences 
for cell behaviour. Biochim Biophys Acta 1602:114–130

	37.	 Ferguson J, Arozarena I, Ehrhardt M, Wellbrock C (2013) Com-
bination of MEK and SRC inhibition suppresses melanoma cell 
growth and invasion. Oncogene 32:86–96

58


	Cycloartane triterpenoid (23R, 24E)-23-acetoxymangiferonic acid inhibited proliferation and migration in B16-F10 melanoma via MITF downregulation caused by inhibition of both β-catenin and c-Raf–MEK1–ERK signaling axis
	Abstract
	Introduction
	Materials and methods
	Materials
	Cell culture
	Drug evaluation by melanin production
	Evaluation of cytotoxic effects by lactate dehydrogenase (LDH) activity and cell proliferation
	Migration assay
	Flow cytometry analysis
	Reverse Transcription–Polymerase Chain Reaction (RT-PCR)
	Western blot analysis

	Results
	23R-AMA-induced inhibition of melanin production

	Inhibition of cell proliferation by 23R-AMA and influence on apoptosis- and autophagy-related protein expression
	Suppression of cell migration in B16-F10 cells by 23R-AMA
	23R-AMA-induced phosphorylation of β-catenin and its inhibition of intranuclear accumulation

	Inhibition of β-catenin downstream gene expression by 23R-AMA treatments
	Inhibition of phosphorylation of c-Raf, MEK, and ERK by 23R-AMA treatments
	Inhibition of phosphorylation in c-SrcFyn and FAK by 23R-AMA
	Influence of 23R-AMA on integrin expression
	Discussion
	Acknowledgement 
	References




