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Systemic and local injections of lupeol inhibit tumor
growth in a melanoma-bearing mouse model
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Abstract. Melanoma is the most aggressive type of skin cancer
and itis procured from activated or genetically altered epidermal
melanocytes. In the present study, the tumor-suppressive effects
of systemic and local injections of lupeol, a triterpene extracted
from Indian lettuce (Lactuca indica), in a melanoma-bearing
mouse model were evaluated. Mice were injected once with
lupeol or olive oil (solvent control) subcutaneously into the skin
of the back or into the tumor tissue. Seven days after the injection,
the tumor growth rates were calculated and the tumor tissues
were collected. Immunohistochemical staining for Ki-67 and
proliferating cell nuclear antigen (PCNA) were performed. The
tumor growth rates in the lupeol-injected group were signifi-
cantly decreased compared to those observed in the non-treated
(NT) and solvent control groups. Lupeol also significantly
decreased the areas positively stained for Ki-67 and PCNA
in the tumor tissues compared to those in the NT and solvent
control groups. The results of the present study demonstrated
that systemic and local injections of lupeol suppress tumor
growth and induce cell cycle arrest in a melanoma-bearing
mouse model. These data suggest that lupeol may be effective
as a novel therapeutic option for melanoma patients.

Introduction

Melanoma is the most aggressive form of skin cancer and
it is derived from activated or genetically altered epidermal
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melanocytes (1). Human malignant melanoma is a highly
metastatic cancer that is markedly resistant to chemotherapy
with dacarbazine or temozolomide. The best single-agent
activity achieves a response rate of 15-30% and a median dura-
tion of response of a few months (2). In the fields of veterinary
medicine, canine melanoma is the most common oral malig-
nant tumor (3).

Lupeol is a triterpene contained in olives, fruits such as
mangos, strawberries, grapes and figs, numerous vegetables
and several medicinal plants (4). Previous studies reported
that lupeol possesses several bioactivities, such as anti-inflam-
matory (5), antioxidant (6) and antitumor effects (7,8). In
particular, lupeol has been described as being beneficial for
inhibiting the proliferation of melanoma cells in vitro via
several mechanisms of action, including differentiation- (9,10)
and apoptosis-inducing activities (11), activation of p38
mitogen-activated protein kinases (MAPK) (12), anti-angio-
genic activities (13), remodeling of the actin cytoskeleton (14)
and melanosome maturation (15).

A previous study by Saleem et al (11) reported that lupeol
inhibits the growth of highly aggressive human metastatic
melanoma cells in vivo by inducing apoptosis. They demon-
strated the beneficial effects of lupeol in a melanoma mouse
model using intraperitoneal injection of the compound. In that
experiment, however, the injections of lupeol were initiated at
the time of tumor cell transplantation. To the best of our knowl-
edge, there is currently no report of the differences between
lupeol injection routes and the effects of lupeol on tuberous
tumor tissue in vivo. In order to evaluate the use of lupeol
in the clinical treatment of melanoma patients, the effects of
lupeol must be assessed using an easy administration route. In
this study, we investigated the effects of lupeol via systemic
and local administration in a tuberous melanoma-bearing
mouse model.

Materials and methods
Reagent. In this study, we used lupeol extracted from Indian

lettuce (Lactuca indica), [Hata et al (16)]. Olive oil was
purchased from Wako Pure Chemical Industries, Ltd. (Osaka,
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Japan). Lupeol was dissolved in olive oil using heat (37°C) and
sonification (3 h). The concentration of dissolved lupeol was
diluted to 5 mg/ml.

Preparation of the melanoma-bearing mouse model. Forty
female, 6-week-old C57BL/6 mice were purchased from
CLEA Japan, Inc. (Osaka, Japan). The animals were main-
tained under conventional conditions. The use of these
animals and the procedures they underwent were approved by
the Animal Research Committee of Tottori University.

B16 2F2 melanoma cells were maintained in Dulbecco's
modified Eagle's medium (DMEM) supplemented with
10% fetal bovine serum (FBS), 100 pg/ml streptomycin and
100 U/ml penicillin in an incubator at 37°C under a humidi-
fied atmosphere of 5% CO,. The mice were anesthetized with
inhalation of 3-5% isoflurane (Intervet, Inc., Tokyo, Japan). A
total of 1x10° B16 2F2 cells (1x107 cells/ml) were subcutane-
ously injected into the dorsal regions of the mice. Mice whose
tumors grew to 5 mm in size were used in this study.

Study design. The mice (n=40) were randomized into five
groups: the non-treatment (NT) group, the subcutaneous injec-
tion of olive oil (solvent control) into the dorsal region (C-si)
group, the subcutaneous injection of lupeol into the dorsal
region (L-si) group, the local injection of olive oil into the
tumor tissue (C-li) group and the local injection of lupeol into
the tumor tissue (L-1i) group (n=8 per group). Single injections
of lupeol were systemically or locally administered to the mice
(day 0). A total of 0.1 ml of lupeol (20 mg/kg) was injected
into each mouse. On day 7 after the injections the mice were
euthanized with inhalation of 5% isoflurane followed by
cervical dislocation. The tumor growth rates were calculated
according to the tumor volumes (mm?/day). On days O and 7,
the volumes of the tumor tissues were calculated by measuring
the mediastinum, transverse lie and depth of each tumor. The
tumors were removed and fixed in 10% buffered formalin.

Ki-67 staining. Tissue sections (3 ym) were placed on glass
slides and were deparaffinized, washed with ethanol and water
and soaked in phosphate-buffered saline (PBS). The sections
were autoclaved with 0.01 M citrate buffer (pH 6.0) for 15 min
at 121°C, then washed with PBS and incubated with rabbit
polyclonal anti-Ki-67 antibodies (1:50, code no. E0468, Dako,
Glostrup, Denmark) for 30 min at room temperature. After
being washed with PBS, the sections were incubated with rat
anti-IgG antibodies (1:100, sc-372; Vector Laboratories, Inc.,
Burlingame, CA, USA) for 30 min at room temperature.
The slides were washed with PBS and stained with the
VECTASTAIN ABC kit (PK-4000; Vector Laboratories, Inc.)
for 30 min. The tissue sections were counterstained with
HistoGreen (Nichirei Bioscience, Inc., Osaka, Japan) and then
stained with nuclear fast red.

Proliferating cell nuclear antigen (PCNA) staining. Tissue
sections (3-ym) were placed on glass slides and were
deparaffinized, washed with ethanol and water and soaked
in PBS. The sections were treated using microwaves with
distilled water for 5 min, then washed with PBS and incu-
bated with 1% hydrogen peroxide methanol for 30 min
at room temperature. After being washed with PBS, the
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sections were incubated with Histofine MOUSESTAIN kit
blocking reagent A (Nichirei Biosciences, Inc.) for 60 min
at room temperature. The sections were then washed with
PBS and incubated with rabbit polyclonal anti-PCNA anti-
bodies (1:200, code no. M0879, Dako) for 60 min at room
temperature. The slides were then incubated with Histofine
MOUSESTAIN kit blocking reagent B (Nichirei Biosciences,
Inc.) for 10 min at room temperature and were then washed
with PBS and incubated with Histofine MOUSESTAIN
kit-labeled polymer Max PO (Nichirei Biosciences, Inc.) for
10 min at room temperature. The tissue sections were coun-
terstained with HistoGreen and then stained with nuclear fast
red (Nichirei Biosciences, Inc.).

Image analysis of Ki-67 and PCNA staining. A quanti-
tative digital morphometric analysis of the Ki-67- and
PCNA-positive tumor areas was performed. In brief, 10
randomly selected high-power fields (x200 magnification)
per cross section were photographed with a digital camera
attached to an Olympus microscope system (Olympus
Corporation, Tokyo, Japan). The color wavelengths of the
copied images were transformed into digital readings using
the Lumina Vision software program (Mitani Corporation,
Tokyo, Japan), allowing for quantification of the various
color wavelengths with pixels as the unit of measurement.
The percentage of positive areas in the tumor tissues was
calculated by dividing the total pixel area of the positive
areas by the total pixel area corresponding to the total tumor
tissue in the field of view. The tumor tissues of three mice
were analyzed per group. The mean scores for 30 fields were
used as the percentages of positive areas per group.

RNA extraction and complementary DNA (cDNA) synthesis.
A total of 2.5x10° B16 2F2 melanoma cells were seeded and
precultured in 1 ml DMEM supplemented with 10% FBS in
12-well plates for 12 h. The cells were washed twice with PBS
and incubated in the same medium for 2 days with or without
5 uM of lupeol. Total RNA was isolated using the QuickGene
RNA cultured cell kit S (Fujifilm Co., Tokyo, Japan). Template
cDNA synthesis was performed with 5 pg of total RNA using
the PrimeScript RT reagent kit (Takara Bio Inc., Shiga, Japan).

Real-time reverse transcription polymerase chain reaction
(qRT-PCR). In a Chromo4 fluorescent temperature cycler
(Bio-Rad, Hercules, CA, USA), 2.5% of each RT reaction
solution was amplified in 25 ul of 1X SYBR Premix Ex Taq
(Takara Bio Inc.) containing 0.2 M of each primer. The
samples were incubated in the thermal cycler for an initial
denaturation at 95°C for 10 sec followed by 40 PCR cycles.
Each cycle consisted of 95°C for 5 sec and 60°C for 30 sec.
The oligonucleotide primers used in the experiment are
listed in Table I. To confirm the amplification of specific
transcripts, melting curve profiles (cooling the sample to
60°C and reheating slowly to 95°C with continuous measure-
ment of fluorescence) were produced at the end of each
PCR cycle. The relative expression levels of the two mRNAs
were normalized according to the amount of glyceraldehyde
3-phosphate dehydrogenase (GAPDH) mRNA (forward
primer, 5-TGTGTCCGTCGTGGATCTGA-3'; reverse primer,
5" TTGCTGTTGAAGTCGCAGGAG-3").
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Table I. Effects of lupeol on gene expression of B16 2F2 melanoma cells.

Sequence RI/GAPDH (%)
Gene Forward Reverse Control Lupeol
GUS 5'-CTGTGACCGATACGGGATTGTG-3' 5'-ACCTCTAGGTGGTGCCGAAGTG-3' 100.0+2.8  108.4+8.0
Tyrosinase 5'-CAAGTACAGGCATCGGCCAAC-3' 5'-GGTGCATTGGCTTCTGGGTAA-3' 100.0+6.4  184.1+8.2*
Rab27a 5'-TAGCACTGCAGGGACGCAAC-3' 5'-CAAGGCCAAGAACTTGATGAGGTAA-3' 100.0£4.8  123.9+14.5°
PCNA 5-GAGAGCTTGGCAATGGGAACA-3' 5'-GGGCACATCTGCAGACATACTGA -3' 100.0£5.3 36.5+3.1°
Ki-67 5-CGTGTCAAACAAACTTGAATCTGTG-3' 5-TCTGCAGATGCATCAAACTTGG-3' 100.0+4.0 39.9+4 0

Data represent the mean + standard error of each group. Statistical significance was determined according to the Student's t-test; “P<0.01 and *P<0.05 compared to
the control group. R, relative intensity; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; GUS, 3-glucuronidase; PCNA, proliferating cell nuclear antigen.

Statistical analysis. Data were expressed as the mean =+ stan-
dard error or standard deviation. The statistical analyses were
performed using the Steel-Dwass test or the Student's t-test.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Effects of lupeol via systemic and local administration on
tumor growth and histopathological changes in the mela-
noma-bearing mouse model. The tumor growth rates are shown
in Fig. 1.In the L-si group (53.5+12.5 mm?/day), the growth rates
of the tumor tissues were significantly decreased compared
to those observed in the NT (177.5+£36.4 mm?/day) and C-si
(166.1£13.9 mm?*/day) groups (P<0.05 vs. NT group and P<0.01
vs. C-si group). In the L-li group (41.8+£12.7 mm?*/day), the
growth rates of the tumor tissues were significantly decreased
compared to those observed in the NT group (P<0.05). In the
L-li group, the growth rates of the tumor tissues were slightly
decreased compared to those observed in the C-li group
(126.0+£19.0 mm?/day). There were no significant differences
between the L-si and L-li groups.

Effects of lupeol via systemic and local administration on
Ki-67 staining in the melanoma-bearing mouse model. The
results of the image analysis are shown in Fig. 2. In the L-si
group (10.2+1.0%/field), the percentages of Ki-67-positive
areas were significantly decreased compared to those observed
in the NT (21.1+1.4%/field) and C-si (22.4+0.8%/field) groups
(P<0.01). In the L-li group (11.8+1.6%/field), the percentages
of Ki-67-positive areas were significantly decreased compared
to those observed in the NT and C-li (21.3+£1.0%/field) groups
(P<0.01). There were no significant differences between the
L-si and L-li groups.

Effects of lupeol via systemic and local administration on
PCNA staining in the melanoma-bearing mouse model. The
results of the image analysis are shown in Fig. 3. In the L-si
group (5.4+0.8%/field), the percentages of PCNA-positive
areas were significantly decreased compared to those observed
in the NT (18.4+1.1%/field) and C-si (15.2+0.8%/field) groups
(P<0.01). In the L-1i group (12.1+0.9%/field), the percentages
of PCNA-positive areas were significantly decreased compared
to those observed in the NT and C-li (15.9+0.8%/field) groups
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Figure 1. Effects of systemic and local administration of lupeol on tumor
growth rate in the melanoma-bearing mouse model. The tumor volume was
measured on days 0 and 7. The tumor growth rates (mm?®/day) were calcu-
lated according to the tumor volumes. Data represent the mean * standard
error of each group. Statistical significance was determined according to
the Steel-Dwass test; 'P<0.05 and “P<0.01. NT, non-treatment group; C-si,
solvent control group; L-si, subcutaneous injection of lupeol into the dorsal
region group; C-li, local injection of olive oil into the tumor tissue group;
L-Ii; local injection of lupeol into the tumor tissue group.

(P<0.01 vs. NT group and P<0.05 vs. C-li group). There were
no significant differences between the L-si and L-1i groups.

Effects of lupeol on the expression of markers of melanoma
cell differentiation and proliferation. Administration of 5 uM
of lupeol did not affect the gene expression of B-glucuronidase
(GUS, a housekeeping gene) in the B16 2F2 cells. The markers
of pigment cell differentiation tyrosinase and Rab27a were
elevated by 5 uM of lupeol at the mRNA level; however, the
agent markedly attenuated the expression of the PCNA and
Ki-67 genes (Table I).

Discussion

Several previous studies indicated that lupeol exhibits anti-
tumor activities against melanoma cells in vitro (9,11-16). A
previous study by Saleem ef al (11) demonstrated that intraper-
itoneal injection of lupeol inhibits tumor growth in a human
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Figure 2. Effects of systemic and local administration of lupeol on immunohistochemical staining of Ki-67. Tumor tissues were fixed and immunohisto-
chemical staining for Ki-67 was performed. The percentages of the Ki-67-positive areas are represented by the bars. Data represent the mean =+ standard error
of each group. Statistical significance was determined according to the Steel-Dwass test; “P<0.01. NT, non-treatment group; C-si, solvent control group; L-si,

subcutaneous injection of lupeol into the dorsal region group; C-li, local injection of olive oil into the tumor tissue group; L-li; local injection of lupeol into

the tumor tissue group.
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Figure 3. Effects of systemic and local administration of lupeol on immunohistochemical staining of proliferating cell nuclear antigen (PCNA). Tumor
tissues were fixed and immunohistochemical staining for PCNA was performed. The percentages of the PCNA-positive areas are represented by the bars.
Data represent the mean =+ standard error of each group. Statistical significance was determined according to the Steel-Dwass test; "P<0.05 and “"P<0.01. NT,
non-treatment group; C-si, solvent control group; L-si, subcutaneous injection of lupeol into the dorsal region group; C-li, local injection of olive oil into the

tumor tissue group; L-li; local injection of lupeol into the tumor tissue group.

melanoma-bearing mouse model. To incorporate lupeol into
the clinical treatment of melanoma patients, its effects must
be evaluated using an easy administration route. In the present
study it was demonstrated that systemic and local administra-
tion of lupeol inhibits tumor growth in a melanoma-bearing
mouse model.

In this study, systemic and local administration of lupeol
decreased the percentage of Ki-67- and PCNA-positive areas
in the tumor tissues. Ki-67 is a cell proliferation marker that
is detected during all the active phases of the cell cycle and
is absent in resting cells (17). The levels of Ki-67 increase
during the synthesis phase (S phase) until mitosis, when its
expression reaches a maximum. After cell division, cells in
the GI1 phase exhibit a decrease in the Ki-67 expression until
they re-enter the S phase, when the levels of Ki-67 increase
again (18). PCNA is also a cell proliferation marker whose

levels increase progressively from the G1 to the S phase (19).
In numerous melanoma patients the expression of Ki-67 and
PCNA in the tumor tissue is correlated with the presence of
malignancy and prognosis (20). The intraperitoneal injection
of lupeol has been reported to reduce the expression of Ki-67
and PCNA in tumor tissue (11). Our data indicated similar
results, suggesting that systemic and local administration of
lupeol is associated with efficient cell cycle arrest of mela-
noma cells.

The effects of lupeol on the expression of markers of mela-
noma cell differentiation and proliferation were investigated
(Table I). The markers of pigment cell differentiation, tyrosi-
nase and Rab27a (15) were elevated by lupeol at the mRNA
level; however, the agent markedly attenuated the expression
of the PCNA and Ki-67 genes. These results suggest that
lupeol suppresses PCNA and Ki-67 by inducing B16 2F2
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cell differentiation and they are in agreement with the results
shown in Figs. 2 and 3.

Several treatment methods have been used for melanoma
patients, including surgical resection, chemotherapy and
radiation therapy (21). Recently, high-dose interferon-a
therapy, high-dose interleukin-2 therapy, antibody blockade of
cytotoxic T-lymphocyte-associated antigen 4, inhibitors of the
MAPK pathway and adoptive cell therapy have also been used
in the treatment of melanoma (20-22). Our results indicate
that the systemic and local administration of lupeol may be an
effective novel therapeutic option for melanoma patients.
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