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Abstract. Malignant melanoma (MM) is an aggressive chemore-
sistant skin cancer characterized by rapid metastasis and a poor 
prognosis. Therefore, the development of innovative effective 
therapies is critical. MK615 is an extract from the Japanese 
apricot Prunus mume Sieb. Et Zucc (Ume). At a neutral pH, 
it contains natural chemical substances such as triterpenoids 
that exert anti-neoplastic effects in several types of cancers. We 
found that in patients with advanced MM, MK615 dramatically 
suppressed the cutaneous in-transit metastasis of the disease. 
Pre- and post-treatment comparison of tumors showed that 
the apoptotic index was significantly increased by MK615. 
In vitro studies, MTT assay, flow cytometric cell cycle analysis 
and immunofluorescence microscopy revealed that MK615 
inhibited the growth of SK-MEL28 cells in a dose-dependent 
manner, increased the proportion of cells in sub-G1 phase and 
induced apoptosis. We further examined the expression of the 
receptor for advanced glycation end products (RAGE). RAGE 
is a multi-ligand receptor that binds to a novel cytokine, high 
mobility group box protein 1 (HMGB1), as well as advanced 

glycation end products. There is evidence that RAGE/HMGB1 
interactions enhance cell invasion in MM. Here, we present 
Western blotting and immunofluorescence microscopy data 
indicating that MK615 inhibited the expression of RAGE in 
SK-MEL28 cells, and suppressed the release of HMGB1 by 
SK-MEL28 cells. Our findings suggest that MK615 may be a 
valuable tool for treating MM and other malignant tumors.

Introduction

Malignant melanoma (MM) is a highly invasive fatal skin 
cancer arising from the abnormal proliferation of epidermal 
melanocytes (1). Its resistance to conventional cancer thera-
pies including irradiation and chemotherapy (2) renders its 
treatment difficult. 

MK615, an extract mixture of the Japanese apricot Prunus 
mume Sieb. Et Zucc, Ume, at a neutral pH, contains several 
triterpenoids (3), compounds derived from 30-carbon precur-
sors (4). These compounds have been demonstrated to exert 
anti-neoplastic effects (5,6). The extract of Ume has been 
reported to exert anticancer effects against gastric (3), breast 
(7), hepatocellular (8), colon (9) and pancreatic cancers (10). 
The mechanisms underlying these effects include the induc-
tion of apoptosis (3,7) and autophagy (9) and the suppression 
of Aurora A kinase (8,10) in cancer cells. 

In the present study, after obtaining marked results by 
treating a patient with advanced MM with MK615, we inves-
tigated the mechanisms underlying the effect of MK615 using 
the human MM cell line SK-MEL28.

Patients and methods

Patients. The patient, a 67-year-old Japanese woman diag-
nosed with MM, provided prior written informed consent for 
use of her data in this report.

Chemicals. MK615 and Misatol® GL, containing an additive 
to render it drinkable, were provided by AdaBio Co. Ltd. 
(Takasaki, Japan).

TUNEL staining and evaluation of apoptosis in vivo. 
Apoptosis in skin cells from the patient was evaluated by 
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the TdT-mediated dUTP-biotin nick end-labeling (TUNEL) 
method using the ApoTag® Plus Peroxidase in situ Apoptosis 
Detection kit (Chemicon, Temecula, CA) according to 
the manufacturer's instructions. Cell nuclei were stripped 
of proteins by incubation with 20 µg/ml proteinase K 
(Invitrogen, Carlsbad, CA). The immune complexes were 
visualized by incubating skin sections with DAB-nickel 
(Vector, Burlingame, CA). They were then counterstained 
with methyl-green. The apoptotic index was estimated by 
determining the percentage of apoptotic cells under a light 
microscope at x400 magnification. A minimum of 2,000 cells 
was counted in tumor sections. Positively stained tumor cells 
exhibiting the morphological characteristics of apoptosis were 
identified using standard criteria (11).

Cell lines. Human SK-MEL28 melanoma cells were main-
tained in DMEM medium containing 10% fetal calf serum. 
The cells were confirmed to be mycoplasma-free.

Cell growth analysis. The growth of SK-MEL28 cells in the 
presence or absence of MK615 was determined by 3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) 
colorimetric assay.

Cell cycle analysis. The cell cycle was analyzed by the 
propidium iodide (PI) method of Biswas et al (12). SK-MEL28 
cells (1x105/ml) were grown for 24 h in 60-mm culture dishes 
containing 0, 10 or 20 µl/ml MK615, scraped off, and centri-
fuged at 1,500 rpm for 10 min. The cell pellets were fixed in 
70% ethanol at -20˚C for 1 h, incubated in 0.25 mg/ml ribonu-
clease A in PBS at room temperature, stained with PI (0.125 
mg/ml in PBS) for 30 min, and subjected to flow cytometric 
analysis. Cells in the sub-G1 phase were considered to be 
apoptotic.

Determination of apoptosis in vitro by fluorescence 
microscopy. We determined apoptosis in vitro by immuno-
fluorescence microscopy (13). Briefly, SK-MEL28 cells 
(5x104/well) in 4-well culture dishes were treated with 0, 10 or 
20 µl/ml MK615 for 2, 4 and 8 h and incubated with Annexin 
V-fluorescein isothiocyanate (FITC) (Immunotech, France) 
according to the manufacturer's instructions. Cell nuclei were 
stained with 4',6-diamidino-2-phenylindole (DAPI; Dojindo, 
Kumamoto, Japan) and examined under an Axioskop micro-
scope (Carl Zeiss, Oberkochen, Germany).

Western blotting. Cell lysate samples were subjected to 12% 
SDS-polyacrylamide gel electrophoresis (PAGE), and the 
separated proteins were then transferred to a nitrocellulose 
membrane (GE Healthcare Bio-sciences KK, Piscataway, 
NJ) as described previously (14). The membrane was blocked 
with 5% non-fat dry milk in Tris-buffered saline (TBS; 
pH 7.4) containing 0.02% Tween-20 (TBST) for 1 h at room 
temperature and then incubated with the first antibody in 
TBST containing 1% non-fat dry milk (overnight at 4˚C). 
After washing, the membrane was incubated with horseradish 
peroxidase (HRP)-conjugated anti-rabbit IgG polyclonal anti-
body (Invitrogen) diluted 1:3000 in TBST containing 2.5% 
non-fat dry milk (1 h at room temperature). The membrane 
was washed again, and the immunoreactive bands were 

visualized using the ECL detection system (GE Healthcare 
Bio-sciences KK).

Immunofluorescence microscopy. SK-MEL28 cells on culture 
slides were fixed in 4% paraformaldehyde and blocked with 
1% bovine serum albumin (Sigma, St. Louis, MO) in PBS. 
After washing, the cells were incubated with RAGE antibody 
(Santa Cruz, CA) and washed. The slides were then incubated 
with Alexa-fluor 488 goat anti-rabbit IgG (Invitrogen) diluted 
1:200, washed, and stained with DAPI. Cells were visualized 
under an Axioskop microscope.

Statistical analysis. Statistical analysis was carried out using the 
Student's t-test (15); p-values <0.05 were regarded as significant.

Results

Improvement of clinical manifestations in the MK615-treated 
MM patient. This 67-year-old Japanese woman presented 
with a black nodule and a freckle on her left sole. Based on 
clinical examinations a diagnosis of MM was made (Fig. 1a). 
We resected the primary cutaneous lesions and dissected 
the popliteal, inguinal and iliac lymph nodes. Multiple 
nodules appeared on her left thigh 15 months later (Fig. 1b). 
Histological examination of biopsy specimens disclosed intra-
dermal tumor nests consisting of highly atypical cells positive 
for S100 protein, HMB45 and Melan-A (Fig. 1c). Positron 
emission tomography (PET) showed highly increased glucose 
uptake by multiple lesions on the left thigh (Fig. 1d). The 
lesions were diagnosed as cutaneous in-transit metastasis of 
MM, and although we delivered 3x106 units of IFN-β intra-
venously daily, the number of in-transit metastatic lesions 
gradually increased. After 4 months, we administered 13  g 
Misatol® GL perorally daily. After 5 months, the number 
of in-transit metastatic lesions was significantly decreased 
(Fig. 2a), and de-pigmentation was observed on some of 
the regressed tumors. On PET scans, the lesions on her left 
thigh were strikingly improved after MK615 administration 
(Fig. 2b). The apoptotic index determined by the TUNEL tech-
nique was clearly higher after MK615 treatment (0.462±0.203 
vs. 0.165±0.039%; p=0.00568).

Inhibition of SK-MEL28 cell growth by MK615. The growth 
of SK-MEL28 cells in the presence or absence of MK615 was 
determined by MTT assay. The viability of MK615-treated 
SK-MEL28 cells was significantly decreased in a dose-depen-
dent manner after a 24- and 48-h incubation (Fig. 3a).

Cell cycle retardation of SK-MEL28 cells by MK615. To 
examine the effects of MK615 on apoptosis we assessed 
the cell cycle of SK-MEL28 cells by flow cytometry using 
PI staining. In the presence of 10 and 20 µl/ml MK615, the 
proportion of sub-G1 cells was increased in a dose-dependent 
manner (Fig. 3b); 19.97±3.90 and 23.07±2.73% at 10 and 20 µl/
ml MK615, respectively, and significantly higher than in cells 
cultured in the absence of MK615 (p=0.00284 and 0.00041, 
Table I).

MK615-induced SK-MEL28 apoptosis. Fluorescence staining 
with Annexin V showed that at 10 and 20 µl/ml, MK615 



Experimental and Therapeutic Medicine  1:  569-574,  2010 571

induced apoptosis as reflected by phosphatidylserine exter-
nalization. The number of apoptotic cells increased in a 
time-dependent manner (Fig. 3c).

Attenuation of RAGE expression in SK-MEL28 cells by 
MK615. Western blotting showed that MK615 inhibited 
RAGE expression by SK-MEL28 cells in a dose-dependent 
manner (Fig. 4a). Immunofluorescence analysis revealed that 
at 10 µl/ml, MK615 abolished the expression of RAGE on the 
cell membrane (Fig. 4b).

MK615 inhibits HMGB1 release by SK-MEL28 cells. The 
concentration of HMGB1 in SK-MEL28 cell supernatants is 

Figure 1. (a) A 67-year-old Japanese woman with MM on the sole of her left foot. (b) Multiple nodules on the left thigh indicating in-transit metastasis of MM. 
(c) Highly atypical cells and significant inflammatory infiltrates in the vicinity of the nodules in the dermis (hematoxylin and eosin; original magnification 
x40 and x100). (d) Positron emission tomography (PET) showed multiple glucose uptake on the left thigh.

Figure 2. (a) Five months after the start of MK615 treatment, the number of in-transit metastases is clearly decreased. (b) PET showed improvement of the 
lesions on the left thigh after MK615 treatment.

Table I. The proportion of sub-G1 SK-MEL28 cells after 
exposure to the indicated doses of MK615. 

MK615 (µl/ml)	 sub-G1 (%)

  0	   1.80±0.50a

10	 19.97±3.90b

20	 23.07±2.73c

Each value represents the mean ± SD of 3 independent experiments. 
Statistical significance was determined with the Student's t-test. a vs b, 
P=0.00284; a vs c, P1=0.00041; b vs c, P=0.409.
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shown in Fig. 5. The SK-MEL28 cells spontaneously released 
4.2±0.6 pg/ml HMGB1. MK615 significantly suppressed 
HMGB1 release in a dose-dependent manner.

Discussion

The Japanese apricot Ume has been accepted for centuries as 
a traditional medicine in Japan. It contains several chemical 
substances, e.g. citric and malic acid, cyanogenic glycosides 
and triterpenoids (3). Triterpenoids are natural or synthetic 

compounds derived from 30-carbon precursors (4). They have 
been shown to exert anti-neoplastic effects (5,7). MK615 is 
a neutral pH extract mixture of the Ume fruit that contains 
several triterpenoids. It has been reported to exert anti-cancer 
effects against gastric (3), breast (7), hepatocellular (8), colon 
(9) and pancreatic cancer (10).

Here, we demonstrated that the Ume extract MK615 
at a neutral pH suppressed cutaneous and in-transit meta-
static lesions in a patient with MM. Pre- and post-treatment 
comparison showed that the apoptotic index of the tumor 

Figure 3. (a) The viability of SK-MEL28 cells treated with MK615 for 24 and 48 h was determined by MTT assay. Each time point represents the results of 
6 experiments. The viability of SK-MEL28 cells treated with MK615 decreased significantly in a dose-dependent manner after a 24- and 48-h incubation. 
Statistical significance was determined by the Student's t-test. *p<0.05 compared with MK615-untreated controls. (b) SK-MEL28 cells were treated with 0, 10 
or 20 µl/ml MK615 for the indicated times. DNA components were analyzed by flow cytometry. MK615 treatment resulted in an increase in SK-MEL28 cells 
in the sub-G1 phase. (c) The effect of MK615 on phosphatidylserine externalization. Cells were treated with the indicated doses of MK615 for 2, 4 and 8 h. 
Phosphatidylserine externalization was determined by Annexin V-FITC binding assay. Nuclei were stained blue by DAPI and green by Annexin V. 

Figure 4. (a) RAGE expression in MK615-treated SK-MEL28 cells determined by Western blotting. SK-MEL28 cells were treated with 0, 2.5, 5 and 10 µl/
ml MK615 for 16 h. RAGE expression of SK-MEL28 cells treated with MK615 decreased significantly in a dose-dependent manner. (b) SK-MEL28 cells 
were incubated with or without 5 µl/ml MK615 for 16 h. Non-treated and MK615-treated cells were incubated with anti-RAGE antibody and then with FITC-
labeled anti-goat IgG as a secondary antibody. Nuclei were labeled with DAPI (original magnification, x400).

a

a

b

b

c
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cells was significantly increased by MK615. We attributed the 
de-pigmentation of the regressed tumor portions to the activa-
tion of T-cell immunity against MM and melanocytes (16). 
Triterpenoids have been reported to regulate the cell cycle. 
Sun et al (17) showed that, in HeLa cells, triterpenoids induced 
apoptosis by cell cycle deviation resulting in S-phase accumu-
lation and a decrease in G0-G1 phase cells. Other researchers 
(6) have documented triterpenoid-induced G2-M phase arrest, 
suggesting that cell cycle deviation plays a key role in the 
induction of apoptosis. Gutterman et al (5) demonstrated that, 
in pancreatic cancer cell lines, Ume extract increased the 
proportion of cells in the G2-M phase and inhibited Aurora A 
and B kinases. Aurora kinases are key mediators of cell devia-
tion by controlling chromatoid segregation (18-20). In our 
study, the exposure of SK-MEL28 melanoma cells to MK615 
resulted in an increase in cells in the sub-G1 phase. Moreover, 
we detected Annexin V-positive apoptotic cells 2 h after the 
start of MK615 exposure, and their number continued to 
increase up to 8 h. These data suggest that MK615 induces 
apoptosis in MM cells by another pathway.

RAGE, a multi-ligand receptor, is highly expressed and is 
associated with cell invasion and migration (21). In a primary 
tumor model, anti-RAGE and soluble RAGE partially inhib-
ited local tumor growth (21). Therefore, RAGE blockade may 
contribute to reducing tumor growth and invasion.

HMGB1, the ligand of RAGE, has two distinct func-
tions in cellular systems. In the nucleus, HMGB1 acts as an 
intracellular regulator of the transcription process and plays 
a crucial role in the maintenance of DNA functions (22). In 
the extracellular space, HMGB1 is released by all eukaryotic 
cells upon necrosis or by macrophages in response to inflam-
matory stimuli such as endotoxin. Extracellular HMGB1 
plays a major role in several diseases such as sepsis (22), 
rheumatoid arthritis, disseminated intravascular coagula-
tion, periodontitis, xenotransplantation and atherosclerosis 
(13,22-25).

Extracellular matrix associated HMGB1 promotes neurite 
outgrowth and provides a surface for the assembly of protease 
complexes in the fibrinolytic system, which can contribute to 
cell mobility. In view of the increased expression of HMGB1 
and RAGE in tumors, the tumor bed may be an ideal locus for 
the effects of RAGE/HMGB1 interactions on cell migration 
and invasion.

Our study demonstrated that MK615 decreased the expres-
sion of RAGE in SK-MEL28 cells. Moreover, it significantly 
suppressed the release of HMGB1 by SK-MEL28 cells. 
Our results suggest that MK615 inhibits cell migration and 
invasion.

In summary, MK615 was effective in a patient with 
advanced MM. Our in vitro studies showed that it inhibited the 
growth of MM cells and increased the proportion of apoptotic 
cancer cells. MK615 may be a valuable tool for treating MM 
and other malignant tumors and further studies to evaluate its 
clinical effectiveness and to elucidate the precise mechanisms 
of its actions are warranted.
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