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Esculetin, a Coumarin Derivative, Exhibits
Anti-proliferative and Pro-apoptotic Activity in G361
Human Malignant Melanoma
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Background: Although esculetin, a coumarin compound, is known to induce apoptosis in human cancer cells, the effects and molecular
mechanisms on the apoptosis in human malignant melanoma (HMM) cells are not well understood yet. In this study, we investigated
the anti-proliferative effects of esculetin on the G361 HMM cells.

Methods: We analyzed the anti-proliferative effects and molecular mechanisms of esculetin on G361 cells by a 3-(4,5-dimethylthiazol-
2-yl)-5-(3-carboxymethoxy phenyl)-2-(4-sulfophenyl)-2H-tetrazolium assay, 4',6-diamidino-2-phenylindole staining and Western blotting.
Results: Esculetin exhibited significant anti-proliferative effects on the HMM cells in a dose-dependent manner. Interestingly, we found
that esculetin induced nuclear shrinkage and fragmentation, typical apoptosis markers, by suppression of Sp1 transcription factor (Sp1).
Notably, esculetin modulated Sp1 downstream target genes including p27, p21 and cyclin D1, resulted in activation of apoptosis signaling
molecules such as caspase-3 and PARP in G361 HMM cells.

Conclusions: Our results clearly demonstrated that esculetin induced apoptosis in the HMM cells by downregulating Sp1 protein levels.
Thus, we suggest that esculetin may be a potential anti-proliferative agent that induces apoptotic cell death in G361 HMM cells.
(J Cancer Prev 2015;20:106-112)
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INTRODUCTION

Esculetin, 6,7-dihydroxycoumarin, is a coumarin derivative
found in various natural plant products such as Atremisia
capillaries, Citrus limonia and Euphorbia lathyris! This
compound possesses various biological and pharmaceutical
properties including anti-edema, anti-inflammatory and anti-
tumour effects,”® and as a result, it is also used to synthesize
drugs.”® Esculetin was previously reported to be a scavenger of
oxygen-free radicals that induce the apoptosis of human leukemia
HL-60 cells and oral cancer SAS cells.""'* However, the anti-proli-

ferative activity of esculetin in human malignant melanoma
(HMM) cells and its underlying molecular mechanisms are not yet
completely understood.

HMM is the deadliest form of skin cancer and is responsible for
75.2% of deaths related to skin cancer.”” Furthermore, the
incidence of a melanoma has continued to increase in the white
population worldwide, and the most notable increases have been

o 1617
observed in in situ melanomas.

The death rate varies by
gender, country, and ethnic origin, and there were an estimated
53,480 new cases and 8,420 (13.5%) deaths in the United States in

2008." Patients with an early-stage diagnosis can be cured
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through a surgical excision while the prognosis of patients with
distant metastases that are not amenable to surgery remains
poor.”® The median survival rate reported in clinical trials for
most patients with stage IV melanoma is an average of only 7 to
9 months."” A unique hallmark of HMM is that it is highly
resistant to apoptosis, and the mechanisms by which melanoma
cells protect themselves from drug-induced apoptosis remain
largely unknown.” Therefore, an understanding of the apoptosis
of HMM cells is a prerequisite for further breakthroughs in the
therapy for HMM patients.

The Spl transcription factor (Spl) is a member of the
zinc-finger Sp family of proteins that includes the Kruppel-like
factor family with members that share a highly conserved
DNA-binding domain (sequence identity more than 65%) with
three adjacent Cys2His2-type zinc fingers that bind to GC- and/or
GT-boxes with overlapping specificities and affinities.”"**
Furthermore, Spl increases greatly in various types of cancers,
and this condition could be a critical factor for tumour
development or maintenance.” As a result, many studies have
suggested that Spl-mediated functions are novel targets for
cancer therapy.

Although esculetin has been clearly demonstrated to have a
biological activity against a number of cancer cells, its effects on
HMM and the mechanisms behind esculetin-induced apoptosis
are not yet understood. Therefore, this study investigates the
pro-apoptotic activity of esculetin as well as the molecular
mechanisms for such activity in HMM cell lines.

MATERIALS AND METHODS

1. Cell culture

G361 (CRL-1424) is a HMM cell line that can be obtained from
American Type Culture Collection (ATCC, Rockville, MD, USA).
The cells were maintained in Dulbecco's modified Eagle's
medium (Welgene, Daegu, Korea) supplemented with 10% fetal
bovine serum and 100 U/mL each of penicillin and streptomycin
(Gibco, Grand Island, NY, USA) with appropriate concentrations at
37°C with 5% CO: in a fully humidified atmosphere.

2. Cell viability assay

The effect of esculetin on cell viability was estimated using a
MTS assay kit (Promega, Madison, WI, USA). The G361 cells were
seeded overnight at a density of 3 X 10° cells per well in 96-well
plates in complete growth medium and were then treated with
the relevant esculetin for 24 or 48 hours. The absorbance was
measured using an Absorbance Microplate Reader (Biotek,

Winooski, VT, USA) at 490 nm, and all experiments were carried
out in triplicate and the percentages for the cell viability of
esculetin-treated cells were normalized to that of untreated
control cells.

3. 4',6-diamidino-2-phenylindole staining

The nuclear condensation and fragmentation level was
observed via nucleic acid staining with 4',6-diamidine-2'-
phenylindole (DAPI) dihydrochloride. The G361 cells were treated
with various concentrations of esculetin, were harvested via
trypsinization, washed with ice-cold phosphate buffered saline
(PBS) and then fixed in 100% methanol at room temperature for
20 minutes. The cells were spread on a slide and were stained with
a DAPI (Sigma-Aldrich, St. Louis, MO, USA) solution (2 pg/mL).
Fluorescence images were then taken using a FluoView confocal
laser microscope (Fluoview FV10i; Olympus, Tokyo, Japan).

4. Western blot analysis

The protein expression levels were analyzed via Western
blotting, After the G301 cells were treated with esculetin, the cells
were washed with ice-cold PBS and were then lysed in an ice-cold
M-PER® Mammalian Protein Extraction Reagent (Thermo
Scientific, Rockford, IL, USA) containing a protease inhibitor
cocktail (Roche, Basel, Switzerland). The soluble fraction of the
cell lysates was isolated by centrifugation at 13,000 X g for 15
minutes in a microfuge. A BCA Protein Assay Kit (Thermo
Scientific) was used to measure the protein concentration in the
supernatants, and equal amounts of protein samples were
separated by 10% or 12% SDS-polyacrylamide gel electrophoresis
and were then transferred to polyvinylidene difluoride membranes
(Millipore, Billerica, MA, USA), which were blocked for 30
minutes at room temperature with 5% (v/v) skim milk in TBS
buffer containing 0.1% tween-20. The samples were then
incubated with primary antibodies overnight at 4°C. The primary
antibodies used in this study were as followings: o-Sp1, o-p27,
0-p21, o-cyclinD1 (Santa Cruz Biotechnology Inc., Santa Cruz, CA,
USA), o-procaspase 3, o-cleaved caspase 3 (Cell Signaling Tech-
nology, Denvers, MA, USA), and glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) (AbFrontier, Seoul, Korea). The membranes
were washed for 10 minutes 5 times with TBS-T and were
incubated with horseradish-peroxidase-conjugated anti-mouse
immunoglobulin G (IgG) or anti-rabbit IgG (Santa Cruz Biotech-
nology Inc.). The membranes were then washed 5 times for 10
minutes with TBS-T and the chemiluminescence signals were
enhanced using a Pierce ECL Western Blotting Substrate (Thermo
Scientific) and detected using ImageQuant Las4000 Mini (GE
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Figure 1. The effect of esculetin on the cell viability in G361 cells. (A) Chemical structure of esculetin. (B) Cell viability effects of esculetin
on G361 cells. The G361 cells were treated with esculetin (0, 10, 20, 40, and 80 pug/mL) for 24 hours and 48 hours, and the cell viabilities
were measured with an MTS assay. The asterisk indicates a significant difference relative to untreated control cells (*2 < 0.05). (C) Changes
in the cell morphologies in G361 cells treated or untreated with esculetin (0, 20, 40, and 80 ug/mL) for 48 hours (x40).

Healthcare Life Sciences, Little Chalfont, UK).
5. Statistical analysis

The results are presented as means * standard deviation of
triplicate independent experiments. A Student's #test was
conducted, and the statistical significance was considered
assessed for a Pvalue less than 0.05 relative to untreated control
(SigmaPlot ver. 10.0; Systat Software Inc., San Jose, CA, USA).

RESULTS

1. Esculetin inhibits cell viability of a human malignant
melanoma cell line

To examine the effects of esculetin (Fig. 14) on the cell
proliferation in G361 cells, we conducted MTS assay to evaluate
the viability. We found that the cell viability of G361 cells was
decreased at both 24 hours and 48 hours by treatment of esculetin
in a dose dependent manner (Fig. 1B). When G361 HMM cells
were treated with esculetin for 48 hours, the cell viability was
04%, 65%, 57%, and 34% at 10, 20, 40, and 80 pg/mL compared with

a vehicle treated control group, respectively (Fig. 1B). The ICs
value on the cell viability was about 42.86 ug/mL in G361 HMM
cells at 48 hours by esculetin treatment, We further observed that
esculetin induced severe morphological changes including
cytoplasmic blebbing, irregular cell morphology change and
detachment from cell culture vessels in a dose dependent manner
(Fig. 1C). These results strongly suggest that esculetin inhibits
G361 HMM cells.

2. Esculetin-induced apoptosis of human malignant
melanoma cell line

The morphological changes including cytoplasmic blebbing,
irregular cell morphology change and detachment from cell
culture vessels are critical hallmarkers of apoptosis.” To deter-
mine whether esculetin induced apoptosis or not, we examined
the nuclei integrity by esculetin treatment. G361 HMM cells were
treated with 60 ug/mL of esculetin for 48 hours and stained with
DAPI We found that esculatin dramatically induced nuclei conden-
sation and fragmentation compared with dimethyl sulfoxide
treated control cells (Fig. 2). These results demonstrated that
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Figure 2. Apoptotic effect induced by esculetin in human malig-
nant melanoma cells. The G361 cells were incubated with esculetin
(0 and 80 pg/mL) for 48 hours. (A) Fluorescence microscopy images
of the DAPI-stained cells. The white arrows represent DNA fragmen-
tation and chromatin condensation. Scale bars: 20 um. (B) The DNA
fragmentation and chromatin condensation were determined to
have a significant difference relative to untreated control cells, as
indicated by an asterisk (*P < 0.05).

esculetin suppressed cell proliferation by induction of apoptosis.

3. Esculetin suppresses Sp1 expression in a human
malignant melanoma cell line

Previous studies demonstrated that activity and protein levels
of the transcription factor Spl were well correlated with the
human cancer development.”” To examine whether esculetin
protein levels were involved in esculetin-mediated cell proli-
feration and apoptosis, G361 cells were treated with esculetin for
48 hours as indicated. We found that esculetin suppressed Spl
protein levels in a dose dependent manner (Fig. 3A). Notably, we
observed that 80 ug/mL of esculetin suppressed Spl protein
levels and induced caspase-3 cleavage in a time dependent
manner (Fig. 3B). Therefore, the down-regulation of Spl by
treatment with esculetin leads to apoptotic cell death.
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Figure 3. The effect of esculetin on Spl expression in human ma-
lignant melanoma. (A) The G361 cells were treated with different
concentrations of esculetin (0, 20, 40, and 80 ug/mL) for 48 hours.
The cell lysates were separated by SDS PAGE, and then the mem-
branes were transferred from SDS PAGE gels subjected to Western
blot analysis for Spl. An equal loading protein was confirmed using
glyceraldehyde-3-phosphate dehydrogenase (GAPDH). The histogram
showed the ratio of Spl to GAPDH expression, and the results were
expressed as the average of a triplicate sample from three in-
dependent experiments. The asterisk suggested P < 0.05 versus un-
treated control cells. (B) The G361 cells were treated with 80 pg/mL
of esculetin for 0, 12, 24, and 48 hours, and then the cells were
evaluated in terms of the expression level of Spl, procaspase 3 and
active caspase 3. Equal loading protein was confirmed using GAPDH.
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Figure 4. The effect of esculetin on the expression of cell cycle arrest- and apoptosis-related proteins in human malignant melanoma. (A)
The G361 cells were incubated with esculetin (20, 40, and 80 pg/mL) or without for 48 hours. The cell lysates were determined using Western
blot analysis with antibodies against p27, p21, and cyclin D1. Equal loading protein was confirmed using glyceraldehyde-3-phosphate de-
hydrogenase (GAPDH). (B) The G361 cells were treated with esculetin (0, 20, 40, and 80 pug/mL) for 48 hours. The cell lysates were then
determined via Western blot analysis with antibodies against procaspase 3, active caspase 3, Bax, and PARP. Equal loading protein was confirmed
using GAPDH. The values were measured using Image ] densitometry, and the data were expressed as a representative of two or three in-

dependent experiments.

4. Esculetin regulates the expression of cell cycle
arrest- and apoptosis-related proteins in a human
malignant melanoma cell line

The treatment of cells with esculetin regulated the expression
levels of several cell cycle related proteins (p27, p21, and cyclin
D1) (Fig. 4A) and apoptosis related proteins (procaspase 3, active
caspase 3, Bax, and PARP) (Fig. 4B). The G361 cells were treated
with different doses of esculetin for 48 hours and were harvested.
The protein expression levels of p27, p21, cyclin D1, procaspase 3,
active caspase 3, Bax, and PARP were analyzed by Western blotting,
The results indicate that esculetin increased p21, p27, Bax and
active caspase 3 protein levels and decreased cydlinD1, procaspase 3,
and PARP protein levels in the G361 cells. These results suggest
that esculetin treatment in G361 cells suppresses Spl protein
levels, resulting in cell cycle arrest and apoptotic cell death.

DISCUSSION

Esculetin is a naturally-occurring coumarin derivative that
shows chemopreventive and chemotherapeutic activity against
several types of cancers.” This compound can play an important
role as a potential agent against anti-proliferation. In this regard,
several studies have reported that esculetin has an anti-

proliferative effect on various cancer derived cells, including
smooth vascular muscle cells and human leukemia cells.”*
However, the mechanisms underlying its anti-proliferative effect
on HMM have not yet been determined. In this study we have
clarified the molecular mechanisms through which esculetin
triggers apoptosis in HMM G361 cells.

HMM is a cancer of the skin, and its incidence has increased
over the last 50 years in most of the fair-skinned population.”
Despite the availability of several treatment options, including
surgery, radiation, chemotherapy or combinations thereof, HMM
still has low survival rates. Thus, clinically effective agents are
highly required for HMM treatments. The esculetin treatment of
the G361 cells with different times and concentrations resulted
in a decrease in cell size, and the cells became rounded during
apoptosis (Fig. 1 and 2).

The Sp1 transcription factor is highly overexpressed in several
human cancer cell lines and plays an important role in a variety of
cellular processes through the regulation of its target genes.”®”'
Therefore, numerous studies have investigated whether Sp1 that
is downregulated by anti-proliferative agents modulates cell
cycle-related proteins or apoptosis-related proteins, which lead to
an inhibition of the proliferation and apoptosis. > Thus, Sp1 could
be an ideal molecular target for molecular therapy against cancer.

In this study, Spl expression significantly decreased in the
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esculetin-treated G361 cells (Fig. 3). To determine whether
esculetin can change the target protein expression of Spl and
apoptosis-related proteins in HMM, we investigated the expression
of these proteins in close relation with cell cycle arrest and
survival. The results provide insight into the mechanism for the
anti-proliferative effect in HMM. The results indicate that
esculetin also regulated the Sp1 target proteins, such as p27, p21,
and cyclinD1 (Fig. 4A). The p27 and p21 proteins act primarily by
inhibiting the kinase activity of cyclin-dependent kinase,
resulting in a blocked cell cycle progression.”** The cyclin DI is
indispensable for cell cycle progression and is related to cell
maintenance and tumorigenesis due to its promotion of the G1/S
phase transition.” In addition, esculetin induced Bax and also
activated caspase-3 and PARP (Fig. 4B), suggesting that esculetin
regulated Sp1 and finally led to an apoptotic cell death.

In this study, we have investigated the cancer chemoprevention
effect of esculetin on HMM. Esculetin appears to inhibit cell
proliferation and to induce apoptosis by Sp1 through Sp1 target
proteins and apoptosis-related genes. Altogether, esculetin might
be a promising therapeutic agent for HMM treatment.
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