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Abstract

Background/Aim: MK615 extracted from Prunus mume was reported to have anti-inflammatory effects. In this article,
we examined the in vivo antitumor effect of MK615 (an extract from Japanese apricot) using mouse tumor xenografts and
focusing on the downregulation of PD-LI (programmed death-ligand 1), a ligand of programmed cell death-1, a surface
protein of activated T cells. Materials and Methods: Bl6/BL6 melanoma cells were injected into C57BL/6 or BALB/c-
nu/nu mice to establish lung metastasis. BALB/c-nu/nu mice (nude mice) were used as a T cell-deficient model. The mice
were given MK615 or saline orally every other day for approximately 8 weeks, and their survival was observed. NF-xB
(nuclear factor-kB) and PD-L| expressions of metastatic lung tissues were also examined. Results: The survival rate was
improved only in the MK615-treated C57BL/6 mice (P < .05), not in the saline-given control mice or BALB/c-nu/nu mice.
The downregulations of NF-kB and PD-L| were observed in both MK6 | 5-treated C57BL/6 and BALB/c-nu/nu mice. These
results suggest that the antitumor effects of MK615 are associated with T cell-mediated immunity activated by MK-615-
induced PD-L| downregulation in tumor cells. Conclusion: MK615 is beneficial for a prolonged host survival time in the
B16/BL6 melanoma xenograft model associated with T cell-mediated antitumor immunity.
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Introduction response to cancer cells. Programmed cell death-1 (PD-1,
CD279), which is a surface protein of activated T cells, and

Cancer is among the leading causes of death worldwide.  ppy 1 (programmed death-ligand 1; B7-H1, CD274) and
There are numerous therapies for cancer at present, butonly  ppy 1 5 (B7-DC, CD273), which ar e, ligan ds’ of PD-1. are
surgical resection, chemotherapy, and radiotherapy have ; ; ’

demonstrated confirmed effectiveness. Still, there are limi-
tations to surgical excision, and the uses of chemotherapy
and radiotherapy are limited for individuals with serious
adverse events. Cancer chemotherapy destroys normal
cells, leading to anemia, bleeding, infection, gastrointesti-
nal symptoms, and long-term risks associated with second-
ary malignant lesions. Being unable to selectively eradicate
all remaining tumor cells is a major disadvantage of the use
of the conventional therapy. A more effective treatment
strategy must be developed for cancer-specific treatment.

Cancer immunotherapy has played an important role in
cancer therapy. There is an inherent defense system called the X ! . ,
“cancer immunity cycle,” which causes apoptosis in tumor MaSZTSh' Yar.mk" .DePartment of AneSthe.S'?IOgy’ Tolyo Women's

| . . . Medical University, 8-1, Kawada-cho, Shinjuku-ku, Tokyo 162-8666,

cells.” Specifically, the so-called “immune checkpoints” are  j3pan,
important targets, as they suppress the body’s immune Email: yanaki_masashi@yahoo.co.jp

found on the surface of antigen-presenting cells and most
cancer cells.” PD-L1 strongly emerges on the cell surface of
untransformed cells present in tumors or in the tumor micro-
environment.> When PD-L1 binds to PD-1, the production of
cytokines from T cells decreases, and the activity of T cells is
inhibited. Tumor cells use this checkpoint signal transduction
of immunity to escape recognition from T cells and to obtain
immunological unresponsiveness.’
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MKG615 is an extract from the Japanese apricot (Prunus
mume Sieb. et Zuccarini [Rosaceae], called ume in Japan).*
The health benefits of the Japanese apricot are widely rec-
ognized in Japan. MK615 contains several triterpenoids:
ursolic acid, oleanolic acid, lupeol, a-amyrin, and
B-sitosterol.*” These triterpenoids were shown to have vari-
ous antitumor effects,**'? and they were reported to inhibit
the growth of many cancer cell lines in vitro.'>"* Those
studies reported that MK615 inhibits cancer cell growth and
induces apoptosis in some tumor cell lines such as those of
esophageal cancer, breast cancer,”'® leukemia, gastric
cancer, pancreatic cancer,” hepatocellular carcinoma,'®!”
colon cancer,” lung cancer cells,”” and malignant
melanoma.’®' The reported antitumor effects of MK615
include inducing apoptosis and autophagy, suppressing
aurora A kinase and aurora B kinase, and inhibiting the
effect of Id-1, an inhibitor of DNA binding.****

Thus, MK 615 was shown to have strong anticancer, anti-
proliferative, and anti-inflammatory effects by recent in
vitro investigations. Various relevant clinical experimental
reports have been published,** but in vivo evidence from
mouse research is scarce. Herein we investigated the in vivo
antitumor effects of MK615 and examined the underlying
mechanism by focusing on the downregulation of PD-L1.

Materials and Methods

MKé15 Preparation

MKG615 was kindly provided by AdaBio Co (Takasaki,
Gunma, Japan). The MK615 was derived from the pressure
extraction of apricot fruit juice from which squeezed resi-
due was removed. The juice was then heated and concen-
trated. Before use, the concentrate was dissolved in water,
and the pH was adjusted to 7.0 with NaOH. The final step
was the sterilization of the solution in an autoclave.

Cell Line and Culture

The cell line B16/BL6 (mouse melanoma) was provided by
Riken BRC (Tsukuba, Japan) through the National Bio-
Resource Project of the Ministry of Education, Culture,
Sports, Science and Technology (MEXT), Japan. B16/BL6
melanoma cells are a murine cell line that can induce lung
metastasis by injection into the tail vein.”**’ The B16/BL6
cells were cultured in RPMI-1640 medium supplemented
with 10% fetal bovine serum and incubated at 37°C in a
humidified 5% CO, atmosphere. Three days after the cells
were plated, tumor cells were harvested and injected into
mice via the lateral tail vein.

Laboratory Animals

Male C57BL/6JJcl mice and male BALB/c-nu/nu mice
were obtained from CLEA Japan (Hamamatsu, Japan) at 8

weeks after birth. Their weight was approximately 20 g.
The mice were maintained for 1 week in our animal facility
before the tumor cell injection. They were housed in plastic
cages with sawdust bedding and were given standard pellet
diet and water ad libitum. The room was kept controlled at
23°C, humidity 10%, and a 14-hour light/10-hour dark
cycle. The animal research was approved by the Tokyo
Women’s Medical University of Animal Care and Use
Committee (Approval Nos. 14-143, 15-20, AE16-25, and
AE17-114).

Experimental Procedures for the Lung
Metastasis Murine Model of B16/BL6
Melanoma Xenogradfts

Thirty-two C57BL/6 mice (body weights = 22-24 g) were
prepared: 20 C57BL/6 mice were used for the survival
observation experiment, and 12 C57BL/6 mice were used
for the lung observation experiment. B16/BL6 melanoma
cells (2.5 x 10 cells) were injected into the lateral tail vein
of each mouse after being cultured in 10-cm dishes for 3
days. The C57BL/6 mice of the MK615-treated group were
orally administered MK 615 at 10 uL/g (body weight) every
other day after the tumor injection. The control group mice
were given the same volume of saline. The oral administra-
tion was provided using a disposable oral sonde (Fuchigami,
Kyoto, Japan).

Twenty-eight days after the tumor cell injection, 12
C57BL/6 mice (MK615-treated group: n = 6, control group:
n = 6) were sacrificed by exposure to isoflurane in oxygen
until their breathing stopped; the lungs were then harvested
for the analyses described below. In the survival studies, 20
C57BL/6 mice (MK615-treated group: n = 10, control
group: n = 10) were observed for 8 weeks after the tumor
cell injection. For immunodeficient mice, 12 BALB/c-nu/
nu mice (body weight = 27-29 g) were prepared and divided
into 2 groups, in the same manner as the grouping of
C57BL/6 mice.

Immunofluorescence Analysis of the Lung
Tissues

The lung tissue samples from B16/BL6 melanoma-injected
mice were fixed with 4% paraformaldehyde for 1 hour at
room temperature and then embedded in paraffin. The par-
affin-embedded samples were sectioned into 6-pm-thick
slices, and the sections were mounted on slide glasses.
Deparaffinized specimens were incubated with 1% bovine
serum albumin in phosphate-buffered saline containing
0.1% Triton X-100.

After being washed with Tris-buffered saline (TBST,
Tris-buffered saline containing 0.02% Tween 20), the speci-
mens were incubated with a mouse anti-melanoma antibody
(HMB45 + M2-7C10 + M2-9E3, Cat. No. ab732, Abcam,
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Cambridge, UK; 1:40 dilution) and a rabbit anti-NF-xB
(p65) antibody (Abcam; Cat. No. ab7970, 1:50 dilution) or
anti-PD-L1 antibody (Abcam; Cat. No. ab205921, 1:200
dilution) at 4°C overnight. After being washed with TBST,
the specimens were incubated with Alexa Fluor 488-conju-
gated goat antirabbit IgG (rabbit Ig horseradish peroxidase-
linked Whole Ab, from Donkey; Cat. No. NA934, GE
Healthcare Japan, Tokyo, Japan; 1:4000 dilution) for 1 hour
at room temperature. After another wash with TBST, the
specimens were stained with 40,6-diamidino-2-phenylin-
dole dihydrochloride n-hydrate (DAPI; P36935, Thermo
Fisher Scientific, Yokohama, Japan) and then immediately
observed for intracellular localization with a fluorescence
microscope (model AX80, Olympus, Tokyo, Japan).

Western Blotting

Anti-PD-L1 antibody (#ab205921) and anti-NF-kB anti-
body (#ab7970) were purchased from Abcam. First, we
used a scalpel blade to harvest tissue samples (2-3 mm?)
from a lung metastatic colony of colored melanoma. The
cells obtained from the lungs were disintegrated by an ultra-
sonic vibration. The cells were then lysed with 200 puL of
RIPA buffer (Thermo Fisher Scientific, Waltham, MA) and
concentrated at 10 000 g for 5 minutes. The supernatant was
adjusted to include proteins of equal quantity using a Pierce
BCA protein assay kit (#23225). Each 20-pg protein sample
was run on 4% to 12% Bis-Tris Protein Gel (NuPAGE
Novex, NP0321BOX, Thermo Fisher Scientific), and the
separated proteins were transferred to a nitrocellulose mem-
brane (IB301001, Thermo Fisher Scientific) using iBlot
(Thermo Fisher Scientific).

The membrane was blocked with 50 g/L nonfat dry milk
powder in 0.1% TBST for 1 hour at room temperature. The
membrane was then incubated with a primary antibody in
TBST containing 5% nonfat dry milk overnight at 4°C.
After extensive washing, the membrane was then incubated
with horseradish peroxidase—conjugated anti-rabbit IgG
polyclonal antibody (NA934; GE Healthcare Biosciences,
Piscataway, NJ; dilution 1:2000) in TBST containing 5%
nonfat dry milk for 1 hour at room temperature. The mem-
brane was washed again, and immunoreactive bands were
visualized using an enhanced chemiluminescence detection
system (RPN2232, Amersham ECL Prime Western Blotting,
GE Healthcare Biosciences). The bands were quantitatively
analyzed using ImageJ software.*®

Flow Cytometry

PE rat anti-mouse CD274, which is also known as (PD-L1,
was purchased from BD Pharmingen (San Diego, CA).
B16/BL6 melanoma cells (1 x 10°) were cultured in 10-cm
dishes. After 24-hour cultivation, MK615 was mixed with
each dish at one of several concentrations (0, 1, 3, 5, 10, 15,
and 20 pg/mL). Forty-eight hours later, cells were harvested

o e U SRR
Control MKG615

Figure 1. Inhibition of metastasis to lung by the interference of
MK615 in BI16/BL6 mice. Twenty mice were randomly divided
into 2 groups. Photographs of lungs harvested from a control
mouse and MKé6 | 5-treated mouse.

and blocked with Normal Rat Serum (Jackson Immuno
Research Laboratories, West Grove, PA). After being
stained with control or anti-PD-L1 antibody for 1 hour, the
cells were washed twice with phosphate-buffered saline and
then analyzed by a Gallios flow cytometer (Beckman
Coulter, Indianapolis, IN).

Statistics

The survival of each group of mice is represented as Kaplan-
Meier survival curves and were analyzed by the Wilcoxon
test. Differences in the weight of the mouse bodies or lungs
were analyzed by Student’s ¢ test. All analyses were con-
ducted using JMP version 12 software (SAS, Cary, NC).

Results

Macroscopic Observation of Lungs

The greater part of the surfaces of the lungs from the control
group mice showed a dark reddish-brown color due to mel-
anoma metastasis. By contrast, the greater part of the sur-
faces of the lungs from the mice treated with MK615
showed small nodules (Figure 1). After they were sacri-
ficed, the mice were dissected and observed carefully. In
addition to the lungs, we examined the skin, heart, liver,
kidney, intestinal tract, and so on, but metastasis to organs
other than lung was not observed. The average lung weight
of the MK615-treated mice (0.37 £ 0.12 g) was significantly
less than that of the control mice (0.77 £ 0.19 g; P =.0407).

Immunofluorescence Assay of Lung Metastatic
Tumor Sites
The expression levels of NF-kB and PD-L1 in lung meta-

static tumor sites were determined by an immunofluores-
cence assay. Tumor cells were labeled with antimelanoma
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Figure 2. Immunofluorescence analysis of lungs harvested
from MKé6|5-treated and control mice. (A) The fluorescence
of NF-kB was diminished on the tumor site labeled with the
antimelanoma antibody and DAPI. (B) The fluorescence of
PD-LI was diminished on the tumor site labeled with the
antimelanoma antibody and DAPI (original magnification, x400).

antibody and DAPI (Figure 2A and B). The fluorescence of
both NF-kB (Figure 2A) and PD-L1 (Figure 2B) in the
tumor cells from MKG615-treated C57BL/6 mice was
decreased compared with that of the control mice.

Western Blotting Analysis

Cell lysates from lungs of C57BL/6 mice were analyzed by
Western blotting using anti-NF-xB antibody. Anti-B-actin
antibody was used as a loading control. The results of the
Western blotting analysis indicated that the expression of
NF-kB was decreased in the lungs of the MK615-treated
mice (Figure 3A) compared with that of control mice. The
bands of NF-kB were quantitatively analyzed with ImageJ
(Figure 3B). The expression ratio represents the change in
the ratio relative to B-actin compared with the untreated
control group. The data are presented as the mean + SD of a
triplet assay.

Survival Observation of C57BL/6 Mice After
Tumor Injection

In the survival experiment, we randomly divided 20
C57BL/6 mice into an MK615-treated group and a control
group. After the injection of B16/BL6, no complications
such as esophageal rupture or aspiration by vomiting, were
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Figure 3. (A) Western blotting assay of NF-kB. NF-kB
expression was diminished on the lungs harvested from MK615-
treated C57BL/6 mice. (B) The quantitative analysis of the band
of NF-kB revealed 0.65 + 0.08 in the control group versus 0.87
+ 0.07 in the MK615 group. NF-kB/B-actin tended to be lower
in the MK615 group.

found. The MK615-treated mice survived significantly lon-
ger (P =.0418; Figure 4A). The body weights of the control
mice were heavier than those of the MK615-treated mice
(Figure 4B). There was no metastasis to visceral sites other
than the lung in either group, and we thus speculated that
the weight gain of the control group was based on the tumor
weight due to the increase of the lung metastases.

The Effect of MK615 in the Immunodeficient
Mice

We performed a similar experiment using the BALB/c-nu/
nu mice to assess the immunological effect of MK615 in
vivo. The survival curves of the control group and MK615-
treated group showed no significant difference (Figure
5A). There was no significant difference in the body
weights of the 2 groups (Figure 5B). Lung metastases were
observed in both groups (Figure 5C). The results of the
Western blotting showed that MK615 inhibited the expres-
sions of NF-kB (Figure 5D) and PD-L1 (Figure S5E). The
bands of NF-«B and PD-L1 were quantitatively analyzed,
revealing that the expressions of both NF-xB/B-actin and
PD-L1/B-actin were suppressed compared with the control
(Figure 5F and G). These results indicated that MK615
loses its effectiveness when the immune system becomes
compromised.
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Figure 4. (A) Kaplan-Meier survival curves of the mice after
tumor injection. The survival of mice treated with MK615 (red
line; n = 10) was significantly longer than that of the control
mice (blue line; n = 10; P = .0418, by the Wilcoxon test). (B)
The weights of the mice after tumor injection. The weight of
control mice was greater than that of the MK6 | 5-treated mice.

Flow Cytometry of PD-LI on BI6/BLé Tumor
Cells With MKé15 In Vitro Culture

We investigated the effect of MK615 on the expression of
PD-L1 on the cell surface of B16/BL6 melanoma cells by
flow cytometry in vitro. B16/B6 cells were incubated with
different concentrations of MK615 in vitro. The expression
levels of PD-L1 were 96.5%, 97.0%, 97.1%, 94.6%, 75.4%,
64.9, and 60.5% at MK615 concentrations of 0, 1, 3, 5, 10,
15, and 20 pg/mL, respectively (Figure 6A and B). These
results demonstrated that MK 615 inhibits the expression of
PD-LI in a concentration-dependent manner.

Discussion

The Japanese apricot is well known as a traditional healthy
food in Japan. Some mechanisms of the components of
Japanese apricots have been reported; in particular, triterpe-
noids are thought to play an important role in health. As a
compound extracted from the Japanese apricot, MK615 is
prevalent in Japan as a health supplement. Its anti-inflam-
matory effect has long been known, and some antitumor
effects were recently reported.

Several mechanisms are thought to be involved in
MKG615’s inhibition of tumor growth. It was reported that
the hydrophobic fractionation of MK615 inhibits cell pro-
liferation, increases the G2-M period of the cell cycle, and
decreases the GO-G1 phase; this suggests the induction of
G2-M arrest. Another report demonstrated that the hydro-
phobic fraction of MK615 induced G2-M arrest, and it
inhibited the activities of aurora kinase A and aurora kinase
B. The induction of G2-M arrest was observed with an
esophageal squamous cell carcinoma cell line, and the
induction of GO-G1 arrest was observed with a non—small
cell lung cancer cell line.

As noted above, MK615 has shown different effects on
the cell cycle, namely, the induction of either GO/G1 arrest
or G2-M arrest, but these are not opposed to each other, and
the differences may be caused by patterns in cell prolifera-
tion. While it is certain that MK615 is associated with the
expression of proteins associated with the cell cycle, the
details require further examination. MK615 restrains cell
proliferation, and it has an antitumor effect that is important
to the induction of cell death.

Regarding the induction of cell death by MK615, the
apoptosis of cancer cells and the induction of cell death
with autophagy have been reported.”>*° The expression of
Id-1, an inhibitor of DNA binding, is also reported to be
inhibited by MK615. The Id family is associated with regu-
latory functions involved in cell proliferation and cell dif-
ferentiation; strong Id-family expression occurs in
conjunction with both undifferentiated cells and cancer
cells. The presence of Id-1 causes an overexpression of the
melanoma cell line, and an association between the Id-1
level and the cancer grade has been reported. It was also
reported that a decrease in the Id-1 expression by MK615 is
associated with a decrease of Bcl-2 expression.

In addition, antitumor and anti-inflammatory effects
have been shown by triterpenoids including ursolic acid,
which is one of the ingredients of MK615.5' It was
reported that MK615 inhibits the production of tumor
necrosis factor-a and interleukin-6 in a concentration-
dependent fashion. MK615 was also reported to inhibit the
phosphorylation of MAP kinases (ERK1/2, p38MAPK),
and the phosphorylation of MAP kinase by MK615 was
demonstrated.”> Such phosphorylation would cause the
inhibition of NF-kB activation. The signal from the toll-like
receptor corresponding to lipopolysaccharide induces the
activation of MAP kinases and NF-«xB, primarily through
MyD8S. Cytokines are produced as a response of the tran-
scription factor activated by shifted intranuclear-activated
NF-kB and MAP kinases. The activating pathway of MAP
kinase and NF-kB leads to various types of inflammatory
stimulation, so MK615 is thought to have the potential to
inhibit cytokine production.

In this study, we achieved the first demonstration that
MK615 would decrease the PD-L1 expression on tumor cells
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Figure 5. (A) Kaplan-Meier survival curves of the mice after tumor injection. The survival of the BALB/c-nu/nu mice treated
with MKé15 (red line; n = 6) was not longer that of the control mice (blue line; n = 6). (B): The weights of the mice after tumor

injection. There was no significant difference between the weight:

s of the MKé15-treated BALB/c-nu/nu mice and control mice. (C) A

photograph of lungs harvested from an MKé|5-treated BAL/c mouse and a control mouse. Lung metastases were found on both lungs
in each group. (D) Cell lysates were obtained from the lungs of the mice, and the expression of NF-kB was evaluated by a Western
blotting assay. The NF-BB expression was diminished on the lungs harvested from MK615-treated BALB/c-nu/nu mice. (E) Cell lysates
were obtained from the lungs of mice, and their PD-L| expression was evaluated by a Western blotting assay. (F, G) The PD-LI
expression was diminished on the lung harvested from MK615-treated BALB/c-nu/nu mouse.

as well as suppress NF-xB. PD-L1 is a major molecule con-
stituting the group of immune checkpoints that develop in a
cancer cell. It has speculated that PD-L1 is able to escape
attack by acting on cytotoxic T lymphocytes to bind the PD-1

molecules expressed on T cells. Immunocompetent cells
come to recognize cancer cells and invalidate this evasion via
anti-PD-L1 antibodies, leading to an antitumor effect that
enables attack.”® We suspect that the various antitumor and
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Figure 6. (A) Expressions of PD-L| on B16/BL6 cells cultured with different concentrations of MK615, measured by flow cytometry.
(B) The PD-LI expression of cultured cells was decreased in an MK615-dose-dependent manner.

anti-inflammatory effects of MK615 might be related to each
other. Since MK615 did not act in the T cell-deficient nude
mice, it seems that the in vivo efficacy of MK615 requires the
T cell-mediated host’s immune system.

The improvement of survival by MK615 in this study
suggests the possibility that MK615 could prolong the
survival of cancer patients in a clinical setting, but no
clinical trials to assess the effect of MK615 have been
performed yet.

At this time, there is no confirmed evidence of antitumor
T cell activation via MK615-induced PD-L1 downregula-
tion in tumor sites. It is also not certain whether MK615
would actually be effective against cancer in clinical prac-
tice; further investigations are needed to assess the antitumor

effect of MK615. The ability of MK615 to activate antitu-
mor T cell immunities via PD-L1 downregulation should be
tested in future studies. Clearly, MK615 exhibits the poten-
tial to be a useful addition to cancer therapies administered
to enhance antitumor reactivity.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) received no financial support for the research,
authorship, and/or publication of this article.



Yanaki et al

653

ORCID iD

Makoto Ozaki

https://orcid.org/0000-0001-7841-6661

References

1.

10.

11.

12.

13.

15.

16.

Chen DS, Mellman I. Oncology meets immunology: the can-
cer-immunity cycle. Immunity. 2013;39:1-10.

. Latchman Y, Wood CR, Chernova T, et al. PD-L2 is a second

ligand for PD-1 and inhibits T cell activation. Nat Immunol.
2001;2:261-268.

. Pardoll DM. The blockade of immune checkpoints in cancer

immunotherapy. Nat Rev Cancer. 2012;12:252-264.

. Adachi M, Suzuki Y, Mizuta T, et al. The “Prunus mume

Sieb. et Zucc” (Ume) is a rich natural source of novel anti-
cancer substance. Int J Food Prop. 2007;10:375-384.

. Kawahara K, Hashiguchi T, Masuda K, et al. Mechanism of

HMGBI release inhibition from RAW264.7 cells by olea-
nolic acid in Prunus mume Sieb. et Zucc. Int J Mol Med.
2009;23:615-620.

. Yamai H, Sawada N, Yoshida T, et al. Triterpenes augment

the inhibitory effects of anticancer drugs on growth of human
esophageal carcinoma cells in vitro and suppress experimen-
tal metastasis in vivo. Int J Cancer. 2009;125:952-960.

. Al-Jahdari WS, Sakurai H, Yoshida Y, Mobaraki A, Suzuki

Y, Nakano T. MK615, a prospective anti-proliferative agent,
enhances CD4/CDS ratio after exposure to irradiation. Int J
Radiat Biol. 2011;87:81-90.

. Salminen A, Lehtonen M, Suuronen T, Kaarniranta K,

Huuskonen J. Terpenoids: natural inhibitors of NF-kappaB
signaling with anti-inflammatory and anticancer potential.
Cell Mol Life Sci. 2008;65:2979-2999.

. Shan JZ, Xuan YY, Zheng S, Dong Q, Zhang SZ. Ursolic

acid inhibits proliferation and induces apoptosis of HT-29
colon cancer cells by inhibiting the EGFR/MAPK pathway. J
Zhejiang Univ Sci B. 2009;10:668-674.

Lin CC, Huang CY, Mong MC, Chan CY, Yin MC.
Antiangiogenic potential of three triterpenic acids in human
liver cancer cells. J Agric Food Chem. 2011;59:755-762.
Hollosy F, Mészaros G, Bokonyi G, et al. Cytostatic, cytotoxic
and protein tyrosine kinase inhibitory activity of ursolic acid
in A431 human tumor cells. Anticancer Res. 2000;20:4563-
4570.

LiJ, Guo WJ, Yang QY. Effects of ursolic acid and oleano-
lic acid on human colon carcinma cell line HCT15. World J
Gastroenterol. 2002;8:493-495.

Wang X, Zhang F, Yang L, et al. Ursolic acid inhibits prolif-
eration and induces apoptosis of cancer cells in vitro and in
vivo. J Biomed Biotechnol. 2011;2011:419343.

. Nakagawa A, Sawada T, Okada T, Ohsawa T, Adachi M,

Kubota K. New antineoplastic agent, MK615, from UME (a
variety of) Japanese apricot inhibits growth of breast cancer
cells in vitro. Breast J. 2007;13:44-49.

Okada T. MK615 inhibits pancreatic cancer cell growth
by dual inhibition of Aurora A and B kinases. World J
Gastroenterol. 2008;14:1378-1382.

Okada T, Sawada T, Osawa T, Adachi M, Kubota K. A novel
anti-cancer substance, MK615, from ume, a variety of Japanese
apricot, inhibits growth of hepatocellular carcinoma cells by

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

suppressing Aurora A kinase activity. Hepatogastroenterology.
2007;54:1770-1774.

Sakuraoka Y, Sawada T, Okada T, et al. MK615 decreases
RAGE expression and inhibits TAGE-induced proliferation
in hepatocellular carcinoma cells. World J Gastroenterol.
2010;16:5334-5341.

Mori S, Sawada T, Okada T, Ohsawa T, Adachi M, Keiichi K.
New anti-proliferative agent, MK615, from Japanese apricot
“Prunus mume” induces striking autophagy in colon cancer
cells in vitro. World J Gastroenterol. 2007;13:6512-6517.
Sunaga N, Hiraishi K, Ishizuka T, et al. MK615, a compound
extract from the Japanese apricot? “Prunus mume” inhibits in
vitro cell growth and interleukin-8 expression in non-small
cell lung cancer cells. J Cancer Sci Ther. 2011;S11:002.
Matsushita S, Tada KI, Kawahara KI, et al. Advanced malig-
nant melanoma responds to Prunus mume Sieb. Et Zucc
(Ume) extract: case report and in vitro study. Exp Ther Med.
2010;1:569-574.

Tada K, Kawahara K, Matsushita S, Hashiguchi T, Maruyama
I, Kanekura T. MK615, a Prunus mume Steb. Et Zucc
(“Ume”) extract, attenuates the growth of A375 melanoma
cells by inhibiting the ERK1/2-1d-1 pathway. Phytother Res.
2012;26:833-838.

Lasorella A, Uo T, Iavarone A. Id proteins at the cross-road of
development and cancer. Oncogene. 2001;20:8326-8333.
Yokota Y. Id and development. Oncogene. 2001;20:8290-
8298.

Zebedee Z, Hara E. Id proteins in cell cycle control and cel-
lular senescence. Oncogene. 2001;20:8317-8325.

Hokari A, Ishikawa T, Tajiri H, et al. Efficacy of MK615
for the treatment of patients with liver disorders. World J
Gastroenterol. 2012;18:4118-4126.

Taylor P, Noriega R, Farah C, Abad MJ, Arsenak M, Apitz
R. Ajoene inhibits both primary tumor growth and metastasis
of B16/BL6 melanoma cells in C57BL/6 mice. Cancer Lett.
2006;239:298-304.

Huang FY, Mei WL, Tan GH, et al. Cytochalasin D promotes
pulmonary metastasis of B16 melanoma through expression
of tissue factor. Oncol Rep. 2013;30:478-484.

Schneider CA, Rasband WS, Eliceiri KW. NIH Image to ImagelJ:
25 years of image analysis. Nat Methods. 2012;9:671-675.
Guimaraes AC, Linden R. Programmed cell deaths. Apoptosis
and alternative deathstyles. Eur J Biochem. 2004;271:1638-
1650.

Bras M, Queenan B, Susin SA. Programmed cell death via
mitochondria: different modes of dying. Biochemistry (Mosc).
2005;70:231-239.

Wu C, Zhang RL, Li HY, et al. Triterpenoid saponins from
the root bark of Schima superba and their cytotoxic activity
on B16 melanoma cell line. Carbohydr Res. 2015;413:107-
114.

Morimoto Y, Kikuchi K, Ito T, et al. MK615 attenuates
Porphyromonas gingivalis lipopolysaccharide-induced pro-
inflammatory cytokine release via MAPK inactivation in
murine macrophage-like RAW264.7 cells. Biochem Biophys
Res Commun. 2009;389:90-94.

Grivennikov SI, Greten FR, Karin M. Immunity, inflamma-
tion, and cancer. Cell. 2010;140:883-899.


https://orcid.org/0000-0001-7841-6661

