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Abstract

Malignant melanoma is a very aggressive and serious type of cutaneous cancer. Previous studies indicated the anti-cancer
activity of aqueous extract of Moringa oleifera Lam. leaves (MOE) against a variety of cell lines. However, there has not been
much research about the effect of MOE on melanoma. Therefore, this study was about to investigate the anti-proliferation
mediated by apoptosis of MOE on human melanoma cell lines. Furthermore, the related molecular mechanisms of the apop-
tosis were also examined. An aqueous extract of Moringa oleifera leaves was prepared and the anti-proliferative activity on
melanoma cells and normal cells was tested using WST-1 assay. The apoptotic hallmarks including DNA condensation and
phosphatidylserine (PS) externalization were assessed. The expression of apoptosis-related genes and the depolarization of
mitochondrial membrane potential were then examined to clarify the underlying molecular mechanisms. MOE inhibited cell
growth of A375 cells and A2058 cells in a dose-dependent manner but had little effect on human normal fibroblasts. The
cell growth inhibition was induced by apoptosis which was expressed via chromatin condensation and PS externalization.
MOE decreased mitochondrial membrane potential. Additionally, MOE increased Bax/Bcl-2 ratio, activated Caspase-3/7,
Caspase-9, PARP and AIF translocation, leading to apoptotic cell death. Our study indicated that MOE exerted significant
anti-cancer effects on melanoma cells in vitro which involved mitochondria-mediated Caspase-dependent and Caspase-
independent apoptosis pathways. These results provided a scientific approach for using Moringa oleifera leaves as an alter-
native therapy to treat skin cancer.
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Abbreviations FACS Fluorescence-activated cell sorting
AIF Apoptosis induced factor FITC Fluorescein isothiocyanate
BSA Bovine serum albumin HRP Horseradish peroxidase
DAPI 4',6-Diamidino-2-phenylindole MOE Moringa oleifera Lam. extraction
DMSO Dimethyl sulfoxide MPT Mitochondrial permeability transition
EDTA Ethylenediaminetetraacetic acid MOMP Mitochondrial outer membrane
EtBr Ethidium bromide permeabilization
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mRNA Messenger RNA

NAC N-acetylcysteine

PAGE Polyacrylamide gel electrophoresis

PI Propidium iodide

PS Phosphatidylserine

PVDF Polyvinylidene fluoride

qRT-PCR Real-time quantitative reverse transcrip-
tion PCR

SDS Sodium dodecyl sulfate

RLU Relative light unit

Z-VAD-FMK N-benzyloxycarbonyl-Val-Ala-Asp-fluoro-
methylketone

Introduction

Melanoma, the most serious type of skin cancer, usually
derives from the malignant transformation of melanocytes
causing dysfunction to normal cellular growth [1]. Cur-
rent treatment options including surgery, radiation therapy,
chemotherapy, have been used alone or in combination [2].
However, melanoma is highly aggressive, forming wide-
spreading metastatic lesions, which causes resistance to most
of the treatment therapies. Furthermore, many harmful side
effects occur after the course of treatment [3]. Therefore, the
identification of anti-cancer drugs with improved efficacy
and fewer toxic side effects is required. Traditionally plant
is a source of drugs with reputed efficiency against differ-
ent types of cancer [4]. Concurrent administration of herbal
medicines and anticancer drugs enabled to improve the effi-
ciency while alleviating the side effects for patients [5, 6].
These activities were presumably due to synergistic activi-
ties, improving the immune system of patients and buffering
the effects of toxicity [7]. However, most of the mechanisms
involved have not been clearly understood. Therefore, in
addition to the suggestion of new anti-cancer compounds,
the finding of action mechanisms of herbal medicines has
received much scientific attention.

Moringa oleifera Lam., cultivated in tropical and sub-
tropical countries, is a nutritious plant that contains high
amounts of proteins, vitamins, calcium and antioxidants.
Moringa oleifera has been widely used in traditional medi-
cine due to its high bioactivity, including anti-oxidative,
anti-hyperglycemic, hepatoprotective, anti-inflammatory
and anti-cancer functions [8, 9]. Recently, some studies have
shown that the crude aqueous extract of Moringa oleifera
leaves possessed high anti-cancer activity against various
cancer cell lines. The majority of killing activity was sup-
posed to undergo an apoptosis pathway. Particularly, Mor-
inga oleifera aqueous extract reduced the proliferation of
Panc-1 pancreatic cancer cells, and enhanced the killing effi-
ciency of cisplatin on these cells. The anti-proliferation was
presumably due to downregulating the expression of NF-kf3
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[10]. The study of Jung et al. showed that Moringa oleif-
era leaf soluble extract inhibited cell growth and induced
apoptosis in HepG2 hepatocellular carcinoma cells. Orally
administered extract reduced approximately 50% the growth
of the HepG2 and A549 human lung cancer cells in vivo,
suggesting to use soluble extracts of Moringa oleifera leaves
as orally administered therapeutics to treat liver and lung
cancers [11]. Some reports confirmed the apoptosis-induc-
ing activity of Moringa oleifera leaves in A549 cells by stim-
ulating oxidative stress, DNA fragmentation, upregulating
the expression of pro-apoptotic proteins (p53, Smac/DIA-
BLO, AIF), Caspases 3/7, downregulating the expression of
anti-apoptotic protein (Nrf2) and enhancing the cleavage of
PARP-1 [12, 13]. Similarly, Tiloke et al. demonstrated the
aqueous extract of Moringa oleifera leaves inhibited HepG2
cells via arresting cell cycles of G1, S, G2/M. Correspond-
ing to the administration of the extract, the expressions of
c-myc, p-Bcl2 and Hsp70 were reduced while the expres-
sions of Bax, Smac/DIABLO, Caspase-9, Caspase-3/7 and
PARP-1 cleavage were significantly enhanced, leading to
apoptosis-induced cell death [14].

There are not many studies mentioned about the effect
of Moringa oleifera leaf aqueous extract on melanoma cells
and the mechanism of action is still unclarified. In our study,
MOE showed potential cytotoxicity against melanoma cells,
while leaving no effect on normal cells. MOE induced apop-
tosis via mitochondria-mediated Caspase-dependent and
Caspase-independent pathways. MOE activated the Cas-
pase-3, Caspase-9, PARP and AIF translocation, resulting
in the death of A375 melanoma cells. These findings pro-
vide an important fundament for the use of Moringa oleifera
Lam. leaves in the development of alternative therapies for
skin cancer treatment.

Materials and methods
Cell culture

A375 human malignant melanoma cells, A2058 human
metastatic melanoma cells and WS1 normal human skin
fibroblasts were supplied by the American Type Culture
Collection (ATCC, Rockville, MD, USA). Primary human
dermal fibroblasts (NHDF) isolated from neonatal foreskins
were kindly gifted from Dr. Quan of University of Science,
VNUHCM. A375 cells, A2058 cells, WS1 cells and NHDF
cells were thawed and expanded in DMEM-F12, supple-
mented with 2 mM L-glutamine, 0.5% penicillin/streptomy-
cin (pen/strep) and 10% FBS at 37 °C, 5% CO, (DMEM-
F12, L-glutamine, pen/strep and FBS were obtained from
Thermo Fisher Scientific, Waltham, MA, USA). When the
confluency reached approximately 80%, cells were sub-cul-
tured for propagation. During culture, the mycoplasma PCR
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detection kit (iNtRON Biotechnology, Gyeonggi-do, Korea)
was used to detect mycoplasma contamination.

Preparation of Moringa oleifera leaf extract

The leaves of Moringa oleifera Lam. were collected locally
in March 2018 at the Institute of Tropical Biology. The
plants were identified and authenticated by Dr. Son, Insti-
tute of Tropical Biology, Vietnham Academy of Science and
Technology, Vietnam. The aqueous extraction of Moringa
oleifera leaves was performed according to our previously
described method. Briefly, the dried and powdered leaves of
Moringa oleifera (200 g) were incubated with boiling water
(95 °C, 7.500 mL) for 2 h and then the water was removed
under vacuum. After filtering and lyophilization at —40 °C,
approximately 28.5 g of the aqueous extract (MOE) was
obtained. MOE was stored at —20 °C before use.

Cell viability assay

The effect of the extract on the cell viability was deter-
mined using WST-1 cell proliferation assay (Roche, Basel,
Switzerland). Briefly, A375 cells, A2058 cells, WS cells
and NHDF cells at a concentration of 3 x 10° cells per well
were seeded into 96-well plates (Corning Inc., NY, USA)
containing 100 pL of culture media. After 12 h incubation
for adherence, cells were washed with PBS and exposed to
various concentrations of MOE (0-200 pg/mL) for 24-72 h.
After treatment, 10 pL WST-1 solution was added to each
well, followed by incubation at 37 °C, 5% CO, for 4 h. The
absorbance was measured using Glomax Discover Micro-
plate Readers (Promega, Madison, WI, USA) at 450 nm.

Clonogenic cell survival assay

The effect of the extract on cell survival was tested using
clonogenic assay. A375 cells were plated into 6-well plates
(Corning, NY, USA) at 1x10° cells per well in 2 mL
medium. The cells were treated with different concentra-
tions of MOE (50, 75 and 100 pg/mL) for 72 h. The cell
density was reduced (approximately 500 cells/well), then
the plate was incubated for an additional 10 days. Untreated
cells were used as a control. Clones were fixed with 4%
paraformaldehyde for 15 min at room temperature before
staining with 0.1% Crystal Violet solution (Sigma-Aldrich,
St. Louis, MO, USA) for 15 min. Stained clones with more
than 50 cells were used for analysis.

4',6-Diamidino-2-phenylindole (DAPI) nuclear
staining assay

The morphological changes of the cells after MOE treat-
ment were examined using DAPI staining assay. In the

experiment, A375 cells were treated with 25, 50 and 75 pg/
mL of MOE for 72 h. 0.1% DMSO and 50 pg/mL of Etopo-
side (Sigma-Aldrich, St. Louis, MO, USA) were used as a
negative control and a positive control, respectively. Cells
were fixed with 4% paraformaldehyde for 15 min at room
temperature. DAPI (Thermo Fisher Scientific, Waltham,
MA, USA) was added to a final concentration of 1 pg/mL.
The plate was incubated for 15 min at room temperature, fol-
lowed by washing the unbound dye using PBS. The stained
cells were observed using Cytell microscope (GE Health-
care, Illinois, United States).

Apoptosis assay

The effect of the extract on the cell apoptosis was deter-
mined using FITC Annexin V apoptosis detection assay (BD
Biosciences, Franklin Lakes, NJ, USA) together with flow
cytometry (FACSCalibur) (BD Biosciences, Franklin Lakes,
NIJ, USA). A375 cells were treated with different concentra-
tions of MOE or 10 pg/mL Etoposide (as a positive control)
or 0.1% DMSO (as a negative control) for 72 h. After wash-
ing with PBS, cells at the concentration of 5x 10* cells/mL
were supplemented with 5 pL. Annexin V-FITC and 5 pL PI,
gently mixed and incubated for 20 min at room temperature
in darkness. Subsequently, the cells were added to 400 pL.
binding buffer (1x) before loading onto FACSCalibur. Cell-
QuestPro software (BD Biosciences, Franklin Lakes, NJ,
USA) was used for analysis. The controls were unstained
cells or cells stained with Annexin V-FITC or PI alone.

Mitochondrial transmembrane potential assay

The effect of the extract on mitochondrial transmembrane
potential (A¥m) was measured using DiOC (Thermo Fisher
Scientific, Waltham, MA, USA), a fluorescent lipophilic
cationic probe which is easy to penetrate and accumulate in
mitochondria. Briefly, A375 cells were plated at a density
of 5% 10° cells/well in a 25 cm? culture flask (Corning, NY,
USA), following by treatment with different concentrations
of MOE (50, 75 and 100 pg/mL). 0.1% DMSO and 50 pg/
mL of Etoposide were used as a negative and a positive
control, respectively. In another experiment, the cells were
exposed to an antioxidant N-acetylcysteine for 1 h (NAC;
2 mM, Sigma-Aldrich, St. Louis, MO, USA) prior to treat-
ment with 100 ug/mL of MOE, 0.1% DMSO solution and
50 pg/mL of Etoposide at 37 °C for 72 h. After washing by
cold PBS, cells were resuspended in 40 nM DiOCy and fur-
ther incubated for 30 min in the dark at 37 °C, 5% CO,. The
cells were subsequently washed and recovered in PBS before
applying onto FACSCalibur. The results were expressed as
a percentage of decrease in DiOCy staining.
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Real-time qRT-PCR assay

The expression of genes relating to the apoptosis pathway
was analyzed using real-time qRT-PCR. The cells were
treated with different concentrations of MOE for 72 h. Total
cellular RNA was isolated using RNeasy mini kit (Qiagen,
Valencia, CA, USA) following the instructions of the manu-
facturer. Biophotometer (Eppendorf, Hamburg, Germany)
was used to measure the concentration of obtained RNA.
gRT-PCR was performed using SYBR Green One-Step qRT-
PCR kit (Thermo Fisher Scientific, Waltham, MA, USA)
with Pikoreal Real-Time PCR System (Thermo Fisher Scien-
tific, Waltham, MA, USA). The primers used in the experi-
ments were shown in Table 1. The relative quantitation of
gene expression was determined using the 2722 method
[15]. All calculations were normalized using the f-actin
gene as an internal control.

Western blot assay

The expression of genes relating to the apoptosis pathway
was analyzed using western blot. The cells were treated
with different concentrations of MOE for 72 h. The treated
cells or control cells were harvested, washed with ice-cold
PBS 2 times and lysed in a cold lysis buffer. The protein
concentration was determined using Pierce BCA protein
assay kit (Thermo Fisher Scientific, Waltham, MA, USA).
Samples were loaded onto 10% SDS-PAGE and then trans-
ferred to a sheet of specific polyvinylidene fluoride (PVDF)
blotting membrane (Sigma-Aldrich, St. Louis, MO, USA)
at 250 mA for 90 min. After blocking step using 1% BSA
or 5% skim milk (Sigma-Aldrich, St. Louis, MO, USA) for
overnight at 4 °C, the membranes were washed with PBS
and incubated with indicated primary antibodies diluted
1:1000 at room temperature for 2 h. The primary antibodies

Table 1 Sequences of the primers for real-time gqRT-PCR

Gene Sequences (5'-3") Product
size (bp)
Caspase-3 F: ATGGAAGCGAATCAATGGAC 242
R: ATCACGCATCAATTCCACAA
Caspase-9 F: GCGAACTAACAGGCAAGCA 144
R: CCAAATCCTCCAGAACCAAT
Bcl-2 F: TTCTTTGAGTTCGGTGGGG 194
R: CAGGAGAAATCAAACAGAGGC
Bax F: CTTTTGCTTCAGGGTTTCATC 113
R: CACTCGCTCAGCTTCTTGGT
PARP F: TATCGAGTCGAGTACGCCAA 220
R: AAACTACCTTTTCAGGGTGTG
B-actin F: CACCAACTGGGACGACAT 189

R: ACAGCCTGGATAGCAACG

F and R are forward and reverse, respectively
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used are Bax, Bcl-2, PARP, AIF and f-actin (Abcam, Cam-
bridge, ENG, UK). The membranes were washed with PBS
3 times and incubated with goat anti-rabbit or anti-mouse
IgG conjugated to horseradish peroxidase (HRP) diluted
1:5000 (Sigma-Aldrich, St. Louis, MO, USA) for 1 h. Bound
antibodies were detected by enhanced chemiluminescence
(ECL) (Sigma-Aldrich, St. Louis, MO, USA). The expres-
sion of B-actin was used as a normalizing control. The inten-
sity of expressed proteins was analyzed using Image J soft-
ware (NIH, Bethesda, MD, USA).

Caspase activity assay

Caspase activities were determined using the Caspase-Glo
3/7 and 9 assay kits (Promega, Madison, WI, USA). A375
cells with the density of 1x 10* cells/well were seeded into
a 96-well microtiter plate (Corning, NY, USA). Cells were
exposed to various concentrations of MOE or 0.1% DMSO
or 50 pg/mL of Etoposide for 72 h. After incubation, 100 uL
of Caspase-Glo 3/7 and Caspase-Glo 9 reagents were added
and the plates were incubated at room temperature in dark
for 30 min. The luminescence was measured on Glomax
Discover Microplate Readers (Promega, Madison, WI,
USA). The data were expressed as relative light units (RLU)
and fold change.

Cell death in the presence of Caspase inhibitors
assay

A375 cells were incubated with or without 50 pM Caspase
inhibitor Z-VAD-FMK (N-benzyloxycarbonyl-Val-Ala-Asp-
fluoro-methylketone, RD Systems Inc., Minneapolis, USA)
for 1 h, before treating with different concentrations of MOE
or 0.1% DMSO (control) for 48 h. Cell viability, cell apop-
tosis and Caspase activity were investigated as previously
described.

Immunofluorescence staining assay

For the AIF redistribution analysis, 5 X 10* cells/well were
seeded onto 15-mm autoclaved cover glasses in 24-well cul-
ture plates. After washing with PBS, the cells were fixed
using 3.7% formaldehyde and then permeabilized using
0.2% Triton X-100 in 10 min. The cells were immersed in
Image-iT FX Signal Enhancer (Thermo Fisher Scientific,
Waltham, MA, USA) for blocking, followed by incubating
with appropriate primary anti-AIF antibodies (1:100) in 1%
BSA for overnight at 4 °C. Cells were washed 3 times with
PBS, then incubated with the Alexa® Fluor 488-labeled
goat anti-mouse IgG with proper dilution (1:500) (Thermo
Fisher Scientific, Waltham, MA, USA) for 2 h at 4 °C. The
cells were washed 3 times with PBS and counterstained with
DAPI before analysis. Fluorescence was visualized using
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Cytell microscope (GE Healthcare, Illinois, United States).
Image J software (NIH, Bethesda, MD, USA) was used to
merge pictures.

Statistical analysis

All the data were performed in three independent experi-
ments (n=23). Data were expressed as mean + standard devi-
ation (SD) of the mean. The Student’s t-test and ANOVA
were used to analyze the significant difference. p-val-
ues < 0.05 were considered to be statistically significant.

Results

Effects of MOE on cell viability in human melanoma
cells and normal cells

Human melanoma cell lines (A375 cells and A2058 cells)
and normal human fibroblasts (WS1 cells and NHDF cells)
were used to investigate the antiproliferative effects of the
extract. Cells were treated with various concentrations (0 to
200 pg/mL) of MOE for 24-72 h. After treatment, the viabil-
ity of cells was detected using WST-1 assay. As shown in
Fig. 1, MOE enabled to inhibit the proliferation of both mel-
anoma A375 cells and A2058 cells in a dose-dependent man-
ner. After 72 h of MOE treatment, the viability of A375 cells
was significantly decreased to 74.32 +4.96%, 63.35 +5.60%
and 39.76 +3.72% at concentrations of 50, 75 and 100 pg/
mL of MOE, respectively. At higher concentrations (150 and
200 pg/mL), MOE markedly decreased the cell proliferation
to 19.08 +4.81% and 16.22 +3.08%, respectively when com-
pared to control (p<0.05 and p<0.01, Fig. 1a). However,
no obvious growth inhibitory effects of MOE were observed
on A375 cells within 24 h or 48 h treatment (Fig. 1a). In
addition, the ICs, values were 87.28 +2.75 pg/mL and
108.47 +3.12 pg/mL on A375 cells and A2058 cells, respec-
tively. The results indicated that MOE was more cytotoxic
on A375 cells than A2058 cells (Fig. 1b). Conversely, WS1
cells and NHDF cells were less susceptible to MOE-induced
cytotoxicity. At concentrations of 150 pg/mL and 200 pg/
mL, MOE slightly reduced the viability of the NHDF cells
to approximately 73.67 +4.02% and 65.82+5.12% com-
pared to control, respectively (Fig. 1¢). Similar results were
observed in the WS1 cells (Fig. 1d).

To verify the growth inhibition activity of MOE on mela-
noma cells, the colony formation of cells after treatment
with various concentrations of MOE for 72 h was also exam-
ined. The data of Crystal Violet staining showed a significant
reduction of the cloning efficiency in MOE-treated cells in
comparison to control (p <0.05 and p<0.01, Fig. le, f).
It was suggested that melanoma cells were damaged after
MOE treatment. Since A375 cells were the most sensitive

to MOE treatment, A375 cells incubated with the various
concentrations of MOE (50, 75 and 100 pg/mL) for 72 h
were used in the following studies.

Effects of MOE on apoptosis induction in A375 cells

To determine whether MOE induce apoptosis in A375 cells,
DAPI staining and FACS were performed. DAPI staining
showed that there was the nucleus disorganization in MOE-
treated cells or Etoposide-treated cells, including condensed
chromatin (deeply dyed) and nuclear fragmentation com-
pared to untreated cells (Fig. 2a). The results indicated that
the cells were undergoing apoptosis. For further confirma-
tion, double staining with Annexin V-FITC and PI was
used to distinguish apoptotic cells using flow cytometry
(Fig. 2b). As a result, MOE effectively induced apoptosis
in A375 cells in a dose-dependent manner. After 72 h of
treatment, the proportion of early and late apoptotic cells
were 12.16 +2.85%, 26.12 +4.76% and 36.40 +5.86%,
respectively in cells treated with 50, 75 and 100 pg/mL MOE
in comparison with 3.28 +0.82% of control cells (p <0.05
and p<0.01, Fig. 2c). Etoposide-treated cells served as
a positive control. After 72 h of treatment, the apoptotic
rate in Etoposide-treated cells increased to approximately
45.32+5.02%.

Effects of MOE on the expression
of apoptosis-related genes in A375 cells

The expression of apoptosis-related genes, including Bax,
Bcl-2, Caspase and PARP, was examined using Real-time
gRT-PCR, Western blot and luminescent assays. As a result,
Fig. 3 showed that the expression level of Bcl-2 was reduced
to 0.68- and 0.53-fold, confirmed by qRT-PCR and Western
blot respectively after treatment with 100 pg/mL of MOE for
72 h. In contrast, the expression of Bax increased 2.62-fold
at the mRNA level and 1.85-fold at the protein level, leading
to an increase in the pro-apoptotic/anti-apoptotic ratio of
Bax/Bcl-2 when compared to those of the control (Fig. 3a,
b). These results demonstrated that the apoptosis to cancer
cells induced by MOE was mediated via targeting the pro-
apoptotic protein Bax and anti-apoptotic protein Bcl-2.
The changes in the Bax/Bcl-2 ratio might initiate acti-
vation of the Caspase cascade. Therefore, to investigate
whether Caspases are involved in apoptosis, the expressions
of Caspase-3/7, Caspase-9 and PARP were examined. As a
result, the expression of Caspase-3/7 and Caspase 9 showed
an increase at the mRNA level but slight increase at the pro-
tein level (Fig. 3a, d). Particularly, 50 pg/mL. MOE induced a
slight increase of 1.08- and 1.02-fold in the activities of Cas-
pase-3/7 and Caspase 9. At a higher concentration of MOE
(100 pg/mL), the activation of Caspase-3/7 and Caspase-9
increased up to 1.75- and 1.42-fold respectively compared
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«Fig. 1 Cytotoxicities of MOE on human melanoma cells and normal
cells. The viability of A375 cells (a) and A2058 cells (b) compared
to that of NHDF cells (c¢) and WS1 cells (d) after exposure to various
concentrations of MOE for 24-72 h. Colony number of A375 cells (e)
and A2058 cells (f) treated with various concentrations of MOE in
colony-forming assay. Untreated cells were used as a negative control.
Data were expressed as mean=+SD of three experiments. *p <0.05
and **p<0.01 compared to control

to control (p <0.05, Fig. 3d). Furthermore, PARP is a pre-
ferred substrate processed by an executioner caspase and
its cleavage is attributed to executioner caspase activation.
MOE downregulated PARP expression at both mRNA and
protein levels (Fig. 3a, ¢). Also, MOE enabled to cleave full-
length PARP (116 kDa) into fragments detected by Western
blot (Fig. 3b). A similar result of cleaved PARP was also
observed in Etoposide-treated cells, a positive apoptotic
control. The data indicate that MOE might induce Caspase-
mediated apoptosis in A375 cells.

Effects of MOE on mitochondrial transmembrane
potential in A375 cells

The change of apoptotic regulatory proteins could lead to
a reduction of mitochondrial outer membrane permeabi-
lization. The mitochondrial membrane potential (A¥m)
of treated A375 cells was measured using fluorescent dye
DiOC, a specific probe for the disruption of A¥Ym. The
results showed that 72 h treatment of MOE decreased AYm
in a dose-dependent manner (Fig. 4a). Particularly, there
was a decrease of staining in a range from 3.56 +0.85% to
47.12 +£5.28% in MOE-treated samples compared to con-
trols, indicating the decrease of A¥m by MOE (p <0.05 and
p<0.01, Fig. 4b). Besides, granular-like structures which
were presumably derived from fragmentation of mitochon-
dria were observed (Data not shown). Similar structures
were also observed in Etoposide-treated samples which
were used as a positive control. However, this formation was
partially prevented when cells were pre-treated with NAC
before treatment with MOE or Etoposide for 72 h (Fig. 4c).
These results indicated that MOE induced apoptosis in A375
cells via decreased A¥m.

Effects of MOE on A375 cell death in the presence
of a pan-Caspase inhibitor

To clarify the role of the Caspases in MOE induced cell
death, a Caspase inhibitor assay was performed. Cells were
pre-treated with pan-Caspase inhibitor (Z-VAD-FMK)
before being exposed to MOE. The effect of Z-VAD-FMK
was detected at the cell viability, the rate of apoptosis and
Caspase activation. The experimental results showed that
Z-VAD-FMK successfully inhibited activation of Caspase-3
and Caspase-9 in response to MOE (p <0.05, Fig. 5a). The

cell viability of the controls was similar in the presence or
absence of Z-VAD-FMK, indicating that the inhibitor was
not toxic to the cells. In the Z-VAD-FMK-treated samples,
MOE significantly reduced the cell viability compared to
control. There was a statistically significant difference in
the viability of the cells treated with MOE in the presence
or absence of Z-VAD-FMK (p <0.05, Fig. 5b). This likely
indicates that MOE is able to induce cell death in the case
of Caspase inhibition. Furthermore, FACS analysis also
indicated that pre-treatment with Z-VAD-FMK resulted in
considerable rescue of A375 cells from MOE-induced apop-
tosis. The apoptotic rates slightly decreased when cells were
treated with MOE in the presence of Z-VAD-FMK compared
to those treated with MOE alone (p <0.05, Fig. 5c). These
observations suggest that MOE also induce apoptosis fol-
lowing Caspase-independent pathway.

Effects of MOE on AIF translocation in A375 cells

To investigate Caspase-independent apoptosis, the transloca-
tion of AIF into the nucleus was analyzed. The result showed
that the expression of AIF in the total cell lysates was sig-
nificantly increased when compared to control (p <0.05,
Fig. 6a, b). In addition, nuclear AIF localization was also
observed after MOE treatment (Fig. 6¢). Taken together,
these data revealed that MOE-induced apoptosis in A375
cells was mediated through both Caspase-dependent manner
and Caspase-independent manner. The Caspase-dependent
pathway is relating to Caspase-3/7 and Caspase-9 while
Caspase-independent pathway is following upregulation and
nuclear translocation of AIF.

Discussion

In this study, a crude aqueous extract of Moringa oleifera
Lam. leaves inhibited the growth of human melanoma cells
in a dose-dependent manner, but had little effect on human
normal cells. The mechanism of cell death was involved in
enhancing the ratio of Bax/Bcl-2 along with reducing mito-
chondrial membrane potential. The apoptotic pathway is
considered dependent and independent with Caspases.
Some previous studies revealed the anti-proliferative
activity of crude extract of Moringa oleifera Lam. leaves or
fruits on B16F10 murine melanoma cells [16, 17] and A2058
human melanoma cells [18]. However, the mechanisms of
action have not been clarified yet. In our study, the inhibitory
activity of MOE on A375 cells and A2058 cells is dose-
dependent (Fig. 1a, b). MOE inhibited the growth of A375
cells and A2058 cells with ICs, of 87.28 +2.75 pg/mL and
108.47 +3.12 pg/mL, respectively. According to the data of
American National Cancer Institute (NCI) and the study of
Geran et al. [19], our MOE showed moderate anti-melanoma
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Fig. 2 Induction of apoptosis in A375 cells treated with various con-
centrations of MOE for 72 h. Chromatin change in treated cells. The
treated cells were stained with DAPI and visualized using fluores-
cent microscopy. MOE-treated cells showed significantly condensed
chromatin compared to the intact genomic DNA of control cells.
The arrows indicate condensed chromatin (a). Detection of apopto-
sis using Annexin V-FITC/PI double staining and FCM analysis. The

activity. The killing activity was supposed to be relating to
the morphological changes of cells including cytoplasmic
shrinkage and vacuolization after treatment with MOE (data
not shown). These results were also confirmed by clonogenic
assays (Fig. le, f). Among two cell lines, A375 cells were
more sensitive to the extract than A2058 cells, thus, this cell
line was selected for further experiments. In contrast, there
was no apparent cell death observed in case of fibroblasts at
equivalent doses, suggesting that cancerous cells are more
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survived cells (lower left), early apoptosis (lower right), late apopto-
sis (upper right) and necrosis (upper left) were represented (b). Rep-
resentative graph of percentage of apoptotic cells (¢). 0.1% DMSO
and Etoposide were used as a negative control and a positive control,
respectively in the experiments. Data were expressed as mean +SD of
three experiments. *p <0.05 and **p <0.01 compared to control

susceptible to MOE (Fig. 1c, d). Similar result of aqueous
extract of Moringa oleifera leaves which induced cytotox-
icity toward HepG2 cells with minimal toxicity to normal
HEK?293 cells and peripheral blood mononuclear cells
(PBMCs) was reported [14]. In another study, crude ethanol
extract of Moringa oleifera leaves specifically reduced the
growth of A2058 human melanoma cells, while there was no
effect on HaCaT human keratinocyte cells [18]. There is no
critical explanation for the difference between two cell types
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Fig.3 The expression of apoptotic regulatory proteins Bax, Bcl-2,
Caspase-3/7, Caspase-9 and PARP in A375 cells. Cells were treated
with MOE for 72 h. The expression of Bax, Bcl-2, Caspase-3, Cas-
pase-9 and PARP were examined using qRT-PCR assay (a), Western
blot assay (b, ¢) and luminescent assay (d). Densitometric analyses

in response to the extract, presumably due to the more sensi-
tive of cancer cells to the harm. Additionally, these effects
are supposed to be caused by some biocompounds in the
extracts which selectively target cancer cells with little effect
on normal cells. Particularly, p-allose, a rare monosaccha-
ride found in Moringa oleifera leaves, induces the expression
of thioredoxin interacting protein (TXNIP), which functions
as tumor suppressor and metastasis suppressor. D-allose
inhibits the growth of cancer cells at G1 phase without exert-
ing appreciable effects on normal cells [20]. In addition,
benzylthiocyanate and niazimicin are bioactive compounds
found in Moringa oleifera leaves, exhibited anti-cancer
activity [21]. Benzylthiocyanate inhibits growth, promotes
apoptosis and prevents metastasis of cancer cells via up-
regulating the expression of apoptosis-related proteins, such
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of these proteins were made relative to f-actin which was used as a
housekeeping gene control (¢). 0.1% DMSO and Etoposide were
used as a negative control and a positive control, respectively. Data
were expressed as mean+SD of three experiments. *p<0.05 and
*#p <0.01 compared to control

as Caspase-3, Caspase-8 and PARP-1 and down-regulating
the expression of metastasis-related proteins, such as sur-
vivin, MMP-2, MMP-9 and CXCR4 [22]. Niazimicin inter-
acts with glycosyltransferase which was highly expressed in
cancer cells. The inhibition of glycosyltransferase activity
results in suppression of cell growth [23]. Compared to nor-
mal cells, cancer cells grow rapidly and migrate from place
to place. Therefore, anti-cancer agents are required to target
their mode of action. Overall, these data suggest that MOE
possessed an anti-proliferative activity against melanoma.
Apoptosis is a process of cell killing that helps to balance
the proliferation of cells in the body. Therefore, apoptosis
induction to kill cells is considered as a valuable strategy
to control cancer cells. Apoptosis is generally character-
ized by typical structural changes, including cell shrinkage,
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Fig.4 The loss of mitochondrial transmembrane potential (A¥m)
in MOE treated A375 cells. Cells were treated with different con-
centrations of MOE for 72 h, stained with DiOC, and then A¥m
was analyzed using flow cytometry (a). A¥Ym was measured after
the cells were incubated with NAC for 1 h, followed by exposing to

DNA fragmentation, chromatin condensation, externaliza-
tion of PS and activation of apoptosis signals [24, 25]. Our
study showed that MOE induced apoptosis in A375 cells
determined by chromatin condensation and the PS exter-
nalization, main features of apoptotic cell death (Fig. 2).
The apoptosis was initiated by activation of Caspase 9, Cas-
pase 3/7, cleavage of PARP and the translocation of AIF
into the nucleus (Figs. 3, 6). Studies demonstrated that the
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100 pg/mL MOE for 72 h (b, ¢). 0.1% DMSO and Etoposide were
used as a negative control and a positive control, respectively. Data
were expressed as mean+SD of three experiments. *p<0.05 and
##p<0.01 compared to control. *p<0.05 compared to MOE or
Etoposide-treated cells

crude extract of Moringa oleifera. leaves contained bioac-
tive compounds which are majorly natural phenolic com-
pounds, including flavonoids and phenolic acids [26-28].
The potency of Moringa oleifera leaves to inhibit cell growth
and induce apoptosis in cancer cells mainly depends on these
compounds. The study of Sreelatha et al. [29] showed that
aqueous extract of Moringa oleifera leaves containing flavo-
noids, such as quercetin and kaempferol triggered apoptosis
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Fig.5 MOE induced-cell death in the presence of a pan-Caspase
inhibitor in A375 cells. Cells were incubated with or without Z-VAD-
FMK, following by exposure to various concentrations of MOE
for 72 h. Z-VAD-FMK prevented Caspase activation in response to
MOE. The expression levels of Caspase-3 and Caspase-9 were exam-
ined by luminescent assay (a). Z-VAD-FMK did not prevent the
reduction of cell viability in response to MOE. The viability of cells

was detected using WST-1 assay (b). Z-VAD-FMK partially sup-
pressed apoptosis caused by MOE. The rates of apoptosis were deter-
mined using Annexin V-FITC/PI double staining and FACS analysis
(¢). 0.1% DMSO was used as a negative control. Data were expressed
as mean+SD of three experiments. *p<0.05 and **p<0.01 com-
pared to control. *p <0.05 compared to MOE-treated cells
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Fig.6 The expression and nuclear translocation of AIF in MOE
treated A375 cells. The expression of AIF was examined by Western
blot (a). Densitometric analyses of AIF were made relative to B-actin
which was used as a housekeeping gene control (b). The translocation

in KB human tumor cells by increasing ROS levels in the
cell, fragmenting cellular DNA and condensing chromatin.
Another study has demonstrated fractions derived from
methanol extract of Moringa oleifera leaves had stronger
anti-proliferative activity on HCT116 human colorectal
carcinoma cells by presenting chromatin condensation and
apoptosis bodies when compared to kaempferol, a flavonoid
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of AIF from mitochondria to the nucleus in A375 cells was analyzed
by immunofluorescence (c). Untreated cells were used as a negative
control. Data were expressed as mean+SD of three experiments.
**p <0.05 compared to control

found in Moringa oleifera leaves [30]. Similarly, astragalin
and isoquercetin were identified as the main cytotoxic com-
ponents in Moringa oleifera leaves against HCT116 cells
through decreasing ERK1/2 phosphorylation [31].

The intrinsic apoptosis pathway caused by UV radiation,
stress or chemotherapeutics is mediated through permeabi-
lization of mitochondria membrane, leading to the release of
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Cytochrome c or small molecules into the cytosol, activating
subsequent Caspases and resulting in cell death [25, 32].
The intrinsic apoptotic pathway is mainly triggered by Bcl-2
family members, including both anti-apoptotic proteins (Bcl-
2, Bcl-xL, Mcl-1) and pro-apoptotic proteins (Bax, Bak,
t-Bid) [33, 34]. Among them, Bcl-2 and Bax are two typical
members of Bcl-2 family which involve in the regulation of
cellular apoptosis. The change of pro-apoptotic/anti-apop-
totic proteins stimulates the release of Cytochrome ¢ and
other molecules from mitochondria to the cytosol, triggering
the activation of Caspase cascade and leading to cell death
[33]. In previous studies, the ratio of Bax/Bcl-2 enables to
use as an indicator for apoptosis initiation [35-38]. Our
study indicated that MOE induced mitochondria-mediated
apoptosis on A375 cells via upregulating the expression
of Bax while suppressing the expression of Bcl-2 simulta-
neously, leading to increase Bax/Bcl-2 ratio (Fig. 3). The
study of Mansour et al. [38] also demonstrated that Moringa
oleifera leaf extract induced apoptosis by upregulation of
Bax while downregulation of Bcl-2 in HepG2 cells. The
changes in the Bax/Bcl-2 ratio could lead to a reduction of
mitochondrial outer membrane permeabilization (MOMP),
which is an important event in apoptosis. A¥m, an indicator
for disruption of mitochondrial integrity, is a hallmark of
intrinsic apoptosis. Irreversible mitochondrial depolariza-
tion decreased AWm, leading to the release of small mol-
ecules into the cytosol [39]. Our experiment showed that
MOE significantly decreased AWm in A375 cells, leading
to MOMP. This result was partially inhibited when cells
had been pre-treated with antioxidant (NAC) (Fig. 4). The
downstream of MOMP involved in both Caspase-dependent
and Caspase-independent pathways. The Caspase-depend-
ent pathway involves in initiator Caspase such as Caspase
9 which cleaves and activates executioner Caspase such as
Caspase-3/7, catalyzing the cleavage of many key cellular
proteins such as PARP, an apoptosis-specific marker, lead-
ing to cell death [34]. In the present study, MOE enabled to
increase the cleavage of PARP and expression of Caspase-3,
Caspase-9 (Fig. 3).

Most anti-cancer compounds induce cell death following
Caspase-dependent apoptosis. However, evidence showed
that some compounds induce both Caspase-dependent and
Caspase-independent pathways. To reveal the apoptosis
pathway of MOE, the irreversible pan-Caspase inhibitor
Z-VAD-FMK was used. A375 cells were pre-treated with
Z-VAD-FMK before exposure to MOE. Figure 5 demon-
strated that treatment with Z-VAD-FMK not only success-
fully inhibited the activation of Caspase but also partially
suppressed apoptosis compared to controls (Fig. 5). The
result showed that MOE might cause apoptosis to cancer
cells via Caspase-independent pathway after mitochon-
drial damage. Similarly, previous studies have reported
that Z-VAD-FMK prevented partially apoptosis induction

in Centipedegrass leaf extract-treated SK-MEL-5 human
melanoma cells [40], Ginkgo biloba extract-treated Mel-AT
human melanoma cells [41] and Houttuynia cordata Thunb
leaf extract-treated A375 cells [42]. The Caspase-independ-
ent pathway is related to the release of AIF or Endonuclease
G (EndoG) from the inter and inner membrane of mitochon-
dria. The translocation of AIF into the nucleus leads to the
condensation of chromatin and fragmentation of DNA [25,
32]. Our results revealed that MOE induced the upregu-
lation and translocation of AIF into the nucleus (Fig. 6).
Similar AIF-mediated Caspase-independent pathways have
been reported in response to Ginkgo biloba extract in Mel-
RM cells and Mel-AT cells [41], Sutherlandia frutescens
extract in A375 cells [43] and Quisqualis indica extract in
B16F10 cells [44]. Consequently, MOE caused cell death
in A375 cells via both Caspase-dependent and Caspase-
independent apoptosis pathways. This result is corroborated
by the previous finding that Moringa oleifera aqueous leaf
extract triggered apoptosis in A549 cells through affecting
mitochondrial viability, activating Caspase and increas-
ing the expression of apoptotic inducible factors including
Cytochrome ¢, Smac/DIABLO and AIF [13].

Conclusions

Our study showed that MOE from the leaves of Moringa
oleifera Lam. inhibited cell proliferation and induced apop-
tosis in A375 human melanoma cells. The apoptosis was
triggered by increasing in Bax/Bcl-2 ratio, leading to the
loss of mitochondrial membrane integrity. The mechanism
of cell death is involved in Caspase-dependent pathway
via activating Caspase 3/7, Caspase 9, PARP cleavage and
Caspase-independent pathway via AIF translocation. These
results prompt us to use Moringa oleifera leaves as alterna-
tive therapeutics for skin cancer treatment. However, further
studies are required to provide the information about the
bioactive ingredients as well as establish a comprehensive
screening for evaluating their efficacy while comparing to
the original extract using in vitro and in vivo models.
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