Cytotechnology (2018) 70:831-842
https://doi.org/10.1007/s10616-018-0195-7

@ CrossMark

ORIGINAL ARTICLE

Melilotus indicus extract induces apoptosis in hepatocellular
carcinoma cells via a mechanism involving mitochondria-

mediated pathways

Amer Ali Abd El-Hafeez

+ Hazim O. Khalifa - Rania Abdelrahman Elgawish -

Samia A. Shouman - Magdy Hussein Abd El-Twab - Seiji Kawamoto

Received: 15 June 2017/ Accepted: 17 January 2018 /Published online: 25 January 2018
© Springer Science+Business Media B.V., part of Springer Nature 2018

Abstract Melilotus indicus, is a traditional medicine
used as analgesic and emollient. Although Melilotus
indicus extract (MIE) has recently been shown to
suppress growth of several tumor cell lines, informa-
tion regarding its antitumor mechanism is completely
unknown. Here, we report the mechanism underlying
the effects of MIE on human hepatocellular carcinoma
cells, specifically HepG2, and SNU-182 cells.
Methanolic MIE impaired the proliferation, and
induced cell death in both HepG2 and SNU-182 cells
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but not in normal hepatic L-02 cells. Mechanistically,
flow cytometric analysis revealed that MIE induces
apoptosis in HepG2, and SNU-182 cells. However,
MIE-induced apoptosis were not affected by a pan
caspase inhibitor z-VAD-fmk as well as MIE did not
stimulate caspase activation. Furthermore we found
that MIE-induced apoptosis could be attributed to a
mechanism involving mitochondria-mediated path-
ways evidenced by decrease in the mitochondrial
membrane potential (AWm), increase in the Bax/Bcl-2
ratio, and translocation of apoptosis inducing factor
(AIF) from the mitochondria to the nucleus. Suppres-
sion in AIF expression by siRNA reduced MIE-
induced apoptosis which suggested the dependency of
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MIE on AIF to induce apoptosis in hepatocellular
carcinoma cells. To the best of our knowledge this is
the first report elucidating the anticancer mechanism
of MIE. Our findings suggested that MIE might be a
good extract for developing anticancer drugs for
human hepatocellular carcinoma treatment.

Keywords Melilotus indicus - Cancer - Apoptosis -
AIF

Introduction

Hepatocellular carcinoma (HCC) is the sixth most
common cancer worldwide and the third most com-
mon cause of cancer death (Dai et al. 2014). Apoptosis
is known as a mechanism against carcinogenesis by
eliminating damaged cells due to many chemical agent
inductions (Hengartner 2000). It is regulated by two
mechanisms, extrinsic “death-receptor-mediated” and
intrinsic “mitochondrial-mediated” (Elmore 2007).
The extrinsic pathway includes activation of caspase-8
while the intrinsic pathway, includes activation of
caspase-9 (Parrish et al. 2013). The two pathways are
leading to caspase-3 activation and eventually causing
apoptosis (Fulda and Debatin 2006). Another impor-
tant mitochondrial pathway could be involved in
apoptosis, which is independent of caspases activation
(Tait and Green 2008). In this case, apoptosis-inducing
factor (AIF), a mitochondrial oxidoreductase, is
showing an important role in caspase-independent
apoptosis (Joza et al. 2001; Susin et al. 1999). It has
been established that many chemotherapeutic agents
are working by induction of apoptosis, which has
become a main mechanism for effective antitumor
therapy (Horinaka et al. 2005; Kundu et al. 2005;
Pistritto et al. 2016). However, most therapeutics
remain in the preclinical stages, and many recent
clinical trials have failed by disappointing responses
mandating us for searching new apoptosis-inducer
agents for cancer treatment.

In this context, medicinal herbs are considered rich
source for anticancer drugs. Melilotus species (family
Fabeaceae) are distributed in many parts of the world
and are very common in different habitats in Egypt (Al
Sherif 2009; El-Ghani and El-Sawaf 2004; Rogers
et al. 2008). These plants are grown as a contaminant
of clover eaten by animals and occasionally of wheat
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consumed by human (Rizk 1990). Melilotus species is
known for their medicinal efficacies such as antibac-
terial, anticoagulant, anti-inflammatory, antioxidant,
laxative and narcotic effects (Hussain et al. 2008;
Stefanovic et al. 2015; Zhao et al. 2007). An in vivo
study attributed the anti-inflammatory effects of
Melilotus extract to its ability to decrease the citrulline
production (Plesca-Manea et al. 2002). Moreover,
Melilotus extract tablets have been widely used for
clinical anti-inflammatory purposes (Shun-jiu and Li
2007; Xu et al. 2008). On the other hand, Melilotus
species are considered as poisonous plants at high
doses (Quattrocchi 2012; Rizk 1990), however, the
anti-cancer usefulness at low doses has been reported.
Through simple screening, researchers showed that
Melilotus indicus extract (MIE) has a potent cytotoxic
effect toward liver, colon, cervix, and breast cancer
cells (Abu-Dahab and Afifi 2007; Ahmed and Al-Refai
2014). Furthermore, Karakas et al. (2012) showed that
Melilotus officinalis and Melilotus alba extracts have
great tumor inhibition activities. From a mechanistic
point of view, however the anti-inflammatory effect of
Melilotus extract could be attributed to the inhibition
of TNF-ao mRNA, COX-2 mRNA, and NF-kB (Zhang
et al. 2007), such candidates are implicated in the
apoptotic pathways in cancer cells (Dong et al. 2015),
the underlying anticancer mechanisms of Melilotus
extracts have remained completely unknown. There-
fore, we aimed through studying the effect of M.
indicus extract on cell proliferation of human hepato-
cellular carcinoma cell lines to elucidate its anticancer
mechanism.

Materials and methods
Plant material and methanolic extract preparation

Melilotus indicus were collected from Shusha in El-
Minia Governorate, Egypt. A botanist, Prof. Magdy
Hussein Abd El-Twab, identified the collected plants
by using the artificial keys from the taxonomy books
and through comparisons with herbarium specimens.
Plants preserved in the herbarium of Botany and
Microbiology Department, Faculty of Science, Minia
University (MIN) under the number AM4044.

The aerial parts of the plant were dried and
thoroughly grounded into powder. The powdered
form (80 g) was extracted using methanol (200 ml)
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for 72 h by a soxhlet apparatus. Then filtration was
performed using Whatman filter paper no. 1 and the
extract was evaporated in a rotar vapour at 40 °C to
obtain the dried form. The dried powder was trans-
ferred to sterile screw caps and stored at — 20 °C. At
use, the frozen dried extract was dissolved in dimethyl
sulfoxide (DMSO; 100 mg/ml).

Cell cultures and reagents

Two human hepatocellular carcinoma cell lines,
HepG2 and SNU-182, and one normal hepatic cell
line, L-02, were obtained from the American Type
Culture Collection (ATCC; Manassas, VA, USA), and
were cultured in Dulbecco’s modified Eagle’s medium
containing 10% fetal bovine serum (FBS; Sigma-
Aldrich, St. Louis, MO, USA) in a humidified
atmosphere with 5% CO, at 37 °C. Staurosporine
(STS) was purchased from Sigma-Aldrich. Carbonyl
cyanide  4-(trifluoromethoxy)  phenylhydrazone
(FCCP, Chuo-ku, Tokyo, Japan) was purchased from
abcam. The chemicals used in this study were of high
purity or cell-culture grade.

Proliferation and viability assays

Cell proliferation was quantified as BrdU incorpora-
tion using a colorimetric Cell Proliferation ELISA,
BrdU Kit (Roche Diagnostics, Indianapolis, IN, USA)
according to the manufacturer’s instructions. HepG2,
SNU-182 or L-02 cells were seeded at 5 x 107 cells/
well and cultured overnight in a 96-well plate. The
cells were treated with 1, 5, 10, 25, 50 or 100 pg/ml
MIE, or either 250 ng/ml STS as a positive control or
DMSO (vehicle) as a negative control for 24 h. BrdU
was added to a final concentration of 10 uM and
incubated for the last 2 h. BrdU incorporation was
quantified by OD450 according to the manufacturer’s
instructions.

Cell viability was determined by using trypan blue
exclusion assay after treatment with MIE or STS.
HepG2, SNU-182 or L-02 cells (5 x 10° cells/well)
were cultured in 6-well plates and treated with 1, 5, 10,
25, 50 or 100 pg/ml MIE, or either 250 ng/ml STS or
DMSO for 24 h. The cells were harvested, re-
suspended in 100 pl DMEM, and mixed with an equal
volume of 0.4% trypan blue staining solution (Gibco,
Grand Island, NY, USA). Numbers of viable and dead
cells were counted using a hemocytometer and the cell

viability percentage was determined by dividing the
number of viable cells by the number of total cells
(viable 4 dead) and multiplying by 100. The selec-
tivity index (SI) was calculated by dividing the ICs,
value for the non-cancer cell line L-02 by the value of
the ICsq for cancer cell lines (HepG2 or SNU-182).
This value indicated the specificity of the extract to
cancer cells. A value of two or more indicated high
specificity.

Apoptosis analysis

Induction of apoptosis of HepG2 or SNU-182 cells
was analyzed by a FACS Calibur flow cytometer (BD
Biosciences, San Jose, CA, USA) using the annexin
V/propidium iodide (PI) staining kit (BioLegend, San
Diego, CA, USA), according to the manufacturer’s
instructions. HepG2 or SNU-182 cells were treated
with 5, 10 or 20 pg/ml MIE, 20 pg/ml MIE combined
30 uM Pan-caspase inhibitor (z-VAD-fmk) or either
250 ng/ml STS or DMSO for 24 h. FACS data was
analyzed with FlowJo software (FlowJo, Ashland, OR,
USA).

Mitochondrial membrane potential

Alteration of mitochondrial membrane potential
(AWm) was measured using a fluorescent probe JC-1
dye (tetraethylbenzimidazolylcarbocyanine iodide)
(Rockville, GeneCopoeia, MD, USA). The HepG2
and SNU-182 cells were seeded in 6-well plates at a
density of 1 x 10° and incubated for 24 h. Cells were
treated with 5, 10 or 20 pg/ml MIE, or either 1 pg/ml
FCCP as a positive control or DMSO as a negative
control for 24 h and incubated in a CO, incubator at
37 °C. Later, the cells were stained with 1x JC-1
reagent (100 pl) for 30 min at 37 °C. Mitochondria
with normal functions (normal AWm) gives red
fluorescence whereas the depolarized mitochondria
gives green fluorescence. The red fluorescence (exci-
tation 550 nm, emission at 600 nm) and green fluo-
rescence intensity was measured (excitation 485 nm,
emission at 535 nm) using fluorescence plate reader.
The ratio of fluorescent intensity of j-aggregates (red
fluorescence) to fluorescent intensity of j-monomers
(green fluorescence) was used as indicator for the loss
of A¥Wm. The lower the value of this ratio is, the more
is the loss of the mitochondrial membrane potential.
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Western blotting analysis

HepG2 or SNU-182 cells were harvested after 24 h
incubation with MIE, STS, or DMSO (control),
washed with PBS, and centrifuged for 10 min at
1000 g. Then, the cell pellets were suspended in ice—
cold lysis buffer containing 15 mmol/l Tris, pH 7.6,
1 mmol/l MgCl,, 2.5 mmol/l EDTA, 250 mmol/l
sucrose, 1 mmol/l dithiothreitol, 1 mmol/l ethylene
glycol-bis (B-aminoethyl ether) tetraacetic acid,
1.25 mg/ml pepstatin A, 2.5 mg/ml aprotinin,
10 mg/ml leupeptin, 1.0 mmol/l PMSF, 50 mmol/l
NaF, 0.1 mmol/l NazVO,, and 2 mmol/l Na,P,0,
(Sigma-Aldrich) and homogenized with a glass Pyrex
microhomogenizer (20 strokes). Then, the homoge-
nates centrifuged at 800x g for 10 min at 4 °C to get
the nuclear fraction pellet. The supernatants were then
centrifuged at 15,000x g at 4 °C for 10 min to get the
supernatant containing the cytosolic fraction and the
pellet containing the mitochondria. All pellets were re-
suspended in lysis buffer. The protein content of each
cellular fraction was determined using the Bradford
protein assay kit (Bio-Rad Laboratories, Hercules,
CA, USA) according to the manufacturer’s instruc-
tions. For Western blotting analysis, 30 pg protein
weight of cell lysate was loaded onto a 15% SDS-
PAGE gel under reduced condition. Proteins separated
on the gel were transferred onto a PVDF membrane.
The PVDF membrane was incubated in blocking
buffer containing 3% nonfat milk powder, 1% bovine
serum albumin (Sigma-Aldrich) and 0.5% Tween-20
in PBS for 1 h. Subsequently, the PVDF membrane
was incubated with the suitable primary antibody
overnight, followed by horseradish peroxidase (HRP)-
conjugated IgG (Cell Signaling Technology, Danvers,
MA, USA) for 1 h with agitation at room temperature.
Finally, the binding process was detected using X-ray
film (Konica Minolta Medical Imaging, Wayne, NJ,
USA) with ECL prime (GE Healthcare, Little Chal-
font, UK).

Knockdown of AIF by siRNA

Cultured HepG2 or SNU-182 cells (2 x 10° cells/
well) in a 6-well plate were transfected with AIF
siRNA or negative control siRNA (Santa Cruz
Biotechnology, Santa Cruz, CA, USA) with Lipofec-
tamine 2000 (Invitrogen, Carlsbad, CA, USA). After
48 h incubation, 1.5 ml fresh DMEM medium was

@ Springer

added and then the cells were cultured with 20 pg/ml
MIE or DMSO for an additional 24 h for Western
blotting analysis and apoptosis assay.

Statistical analysis

The data presented in this study are represented as
mean + SD. Student’s ¢ test was performed to deter-
mine the statistical significance compared to a corre-
sponding negative control. Statistical significance was
defined as p < 0.05 or p < 0.005. The IC5q of MIE for
HepG2, SNU-182 and L-02 was calculated by Graph
Pad Prism 5 (Version 5.01, GraphPad Software, San
Diego, CA, USA) from the trypan blue exclusion
results. The data shown in the figures are representa-
tive data for three independent experiments.

Results

MIE induces selective anti-proliferative
and cytotoxic activities against hepatocellular
carcinoma cells

The effects of Melilotus indicus extract (MIE) on the
proliferation and viability of HepG2, SNU-182 hep-
atocellular carcinoma cells and L-02 normal hepatic
cells were determined via BrdU incorporation and
trypan blue exclusion assays, respectively. BrdU
incorporation assay revealed that treatment with
MIE (10 pg/ml and above) significantly impairs cell
proliferation in a dose-dependent manner in HepG2
and SNU-182 cancer cells but not in L-02 normal
cells, however, SNU-182 cells showed a more ele-
vated susceptibility to the treatments (Fig. 1a). Mean-
while, trypan blue exclusion assay revealed that
treatment with MIE decreases the viability of HepG2
and SNU-182 cancer cells but not of L-02 normal cells
in a dose-dependent manner upon incubation for 24 h
(Fig. 1b). The ICsy of MIE was estimated approxi-
mately to be 16.6 pg/ml for HepG2 cells, 13.21 pg/ml
for SNU-182 cells and 90.91 pg/ml for L-02 cells
from the experimental results of cell viability assay.
The 10 pg/ml MIE treatment has anti-proliferative
and cytotoxic effects comparable to those of 250 ng/
ml staurosporine (STS) as a positive control. Further-
more, results in Fig. 1c showed that MIE has selective
cytotoxicity toward the hepatocellular carcinoma cells
evidenced by the selectivity index (SI) values of the
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Fig. 1 Cell proliferation
and viability of HepG2,
SNU-182, and L-02 cells
after MIE-stimulation.

a Effect of MIE on the
proliferation of HepG2,
SNU-182, and L-02 cells
were determined by BrdU
incorporation assay. b The
cytotoxic effect of MIE on
HepG2, SNU-182, and L-02
cells was determined by
trypan blue exclusion assay. |
¢ The selectivity index (SI) 1
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was calculated by dividing Control
the ICsq value for the non-
cancer cell line L-02 by the
value of the ICs, for cancer
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182). Representative data of
three independent 80 1
experiments are shown as
mean £ SD. *p < 0.05 and
**p < 0.005 indicate
significant differences
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figure online) 20 A
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MIE for HepG2 and SNU-182 (5.9 and 6.7, respec-
tively). These data suggested that MIE has the
capacity to inhibit cell proliferation and induce cell
death in hepatocellular carcinoma cells but not in
normal hepatic cells.

MIE induces apoptosis in hepatocellular
carcinoma cells independently of caspases

To clarify whether MIE-induced cell death in both
HepG2 and SNU-182 cells was associated with
apoptosis, MIE-induced apoptosis was analyzed by

MIE (pg/ml)

i

L-02 vs. SNU-182

flow cytometry using a combination of annexin V and
propidium iodide (PI) staining (Fig. 2a—c). The results
showed that after the MIE treatment, early apoptosis
or cell death rate and the late apoptosis rate were
increased in a dose dependent manner in both HepG2
and SNU-182 cells. Furthermore, the pancaspase
inhibitor z-VAD-fmk has no effect on MIE-induced
apoptosis in both cell lines (Fig. 2a—c), suggesting that
MIE induced caspase-independent apoptosis. To con-
firm, we evaluated the effect of MIE on the caspases
proteins activation using Western blotting analysis
(Fig. 2d). The results revealed that MIE has no effect

@ Springer



836 Cytotechnology (2018) 70:831-842

MIE (ug/ml)
20 20 + Z-VAD

HepG2

SNU-182

Annexin V
B HepG2 (o] SNU-182
100 - @ Living cells 100 = # Living cells
. # Early apoptotic cells » # Early apoptotic cells
% 80 & M Late apoptotic cells § 80 W Late apoptotic cells
‘2 =2 Necrotic cells 5 . Necrotic cells
© 60+ o 60
> g
@ =
GC) 40 § 40 +
S 5 o0
613 20 o 20
0+ 04
S e P O W S S P o
S ) ) N > o
o V d &
® fv
MIE (ug/ml) MIE (ug/ml)
D HepG2 SNU-182
3 Z 5
£ MIE (ug/ml) = £ MIE (ug/ml)
o (e}
o 5 o 5 10 20

10 20
Cleaved caspase-8
PR >
Cleaved caspase-9 o : '

cleaved Caspase-s _

Pro-caspase-3

B-actin

@ Springer



Cytotechnology (2018) 70:831-842

837

«Fig. 2 MIE induces apoptosis in HepG2 and SNU-182 cells
independently of caspases. a Representative cytograms of flow
cytometric analysis of the apoptotic cells in HepG2 and SNU-
182 cells. The lower-right (annexin V*PI™ cells) and the upper-
right (annexin V*PI' cells) quadrants show early and late
apoptotic cells, and the lower-left (annexin V" PI™ cells) and the
upper-left (annexin V™ PI™ cells) quadrants represent viable and
necrotic cells, respectively. b—c Percentage of HepG2 and SNU-
182 cells. d The levels of cleaved caspases-8, 9, and 3, and pro-
caspase-3 were determined by Western blotting analysis. f-actin
served as a loading control. The values are the mean + SD of
three different experiments. *p < 0.05 and **p < 0.005 indi-
cate significant difference compared with control. ns. there is no
significant differences in the apoptotic cells percentage after
adding z-VAD-fmk

on cleaved caspases-8 and 9 protein levels. Moreover,
the relative protein expression levels of cleaved
caspase-3 normalized with those of pro-caspase-3
revealed that MIE has no effect on cleaved caspase-3
expression in both HepG2 and SNU-182 cells (Fig. 2d
and Supplementary Figure 1A and B). These results
confirm that MIE induces apoptosis via caspase-
independent pathway.

MIE induces apoptosis via decrease

in mitochondrial membrane potential (A¥Y'm),
increase in Bax/Bcl-2 ratio, and translocation
of AIF from the mitochondria to the nucleus

Mitochondrial changes, including loss of AWm, are
considered as key events that occur due chemother-
apeutic agents induced caspase-independent-mito-
chondrial apoptosis pathway. Thus, the effect of
MIE on mitochondria, especially the changes in
A¥m, was examined using the lipophilic dye JC-1.
The results as shown in Fig. 3a indicating that MIE
decreases AWm in a dose-dependent manner in HepG2
and SNU-182 cells. To further investigate whether
MIE induced apoptosis by triggering the caspase-
independent-mitochondrial apoptosis pathway, we
examined the expression of the Bcl-2 family proteins,
including Bcl-2 and Bax, in response to MIE using
Western blotting analysis (Fig. 3b, c). We observed a
decrease in Bcl-2 expression and an increase in the
expression of Bax when cells were treated with MIE,
which led to an increase in the proapoptotic/antiapop-
totic (Bax/Bcl-2) ratio, in a dose-dependent manner, in
HepG2 and SNU-182 cells (Fig. 3b, c). Since the
translocation of AIF from the mitochondria to the
nucleus is implicated in the caspase-independent-
mitochondrial apoptosis, we asked whether MIE

induces the nuclear translocation of AIF in both cell
lines. Indeed, using Western blotting analysis, MIE
treatment led to the translocation of AIF from the
mitochondria to the nucleus, as evidenced by a
decrease in the mitochondrial AIF protein levels and
an increase in the nuclear AIF protein levels in a dose
dependent manner in both HepG2 and SNU-182 cells
(Fig. 3d—g). These results indicate that MIE induces
the dysfunction of mitochondria via AIF mitochon-
drial export leading to apoptosis.

MIE induces apoptosis via AIF-dependent
pathway

Furthermore, HepG2 and SNU-182 cells were tran-
siently transfected with AIF siRNA to identify
whether AIF is responsible for the MIE-induced
apoptosis. A Western blotting analysis demonstrated
that AIF siRNA potently down-regulates the expres-
sion level of AIF (Fig. 4a, b). As shown in Fig. 4c, d,
silencing AIF attenuates MIE-induced apoptosis com-
pared with the cells transfected with negative control
siRNA. These findings suggest that AIF plays an
important role in MIE-induced apoptosis in HepG2
and SNU-182 cells.

Discussion

Medicinal plants play an important role in the cancer
prevention and treatment. Melilotus indicus extract
(MIE) has recently been shown to suppress growth of
several tumor cells including liver, breast, colon and
cervix (Abu-Dahab and Afifi 2007; Ahmed and Al-
Refai 2014). However, the mechanisms by which MIE
initiates its anticancer activity are completely
unknown. To our knowledge, this is the first report
showing the mechanism underlying the effects of MIE
on regulating the fate of human hepatocellular carci-
noma (HCC) cells. We noted that the methanolic
extract of M. indicus has anti-proliferative and cyto-
toxic activities against HCC cells (Fig. 1a, b). How-
ever, many methanolic plant extracts were screened
for their anti-cancer activities against HCC cells,
including, Aristolochia macroura (ICsy = 513 ng/
ml), Lithraea molleoides (ICsy = 244 ng/ml), Achy-
rocline satureioides (ICsq = 237 pg/ml), and Schinus
molle (ICso = 50 pg/ml) (Ruffa et al. 2002), but our
results indicates that MIE has superior anti-cancer
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Fig. 3 MIE decreases the mitochondrial membrane potential
(Aym), increases the Bax/Bcl-2 ratio, and induces nuclear
translocation of AIF in HepG2 and SNU-182 cells. a The
average JC-1 red/green fluorescence ratio in HepG2 and SNU-
182 B, protein levels of Bcl-2 and Bax were determined by
Western blotting analysis. B-actin was immunostained as a
loading control. ¢ Bax/Bcl-2 ratio in HepG2 and SNU-182 cells
d, f Protein levels of mitochondrial and nuclear AIF in HepG2

activity (ICso range = 13-16 pg/ml) against HCC
cells. These results indicate the usefulness of MIE in
the fight against HCC. This assumption is supported
by the good selectivity index (SI = 5.9 and 6.7) of the
tested extract, which is compatible with their possible
use in cancer chemotherapy. Phytochemical analysis
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and SNU-182 were determined by Western blotting analysis. -
actin was immunostained as a loading control. e, g The relative
protein expression levels of mitochondrial and nuclear AIF
normalized with PB-actin were quantified by the Image J
software. The values are the mean £ SD of three different
experiments. *p < 0.05 and **p < 0.005 indicate a significant
difference compared with negative control. (Color figure online)

has shown the plant to contain flavonoid glycosides,
coumarins, terpenoids, and steroids (Ahmed et al.
2012; Yadava and Jain 2005). The attribution of the
anticancer activity of MIE to a specific chemical
constituent is a critical point that needs to be clarified
in future studies.
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Previous studies have reported that natural com-
pounds decrease cell proliferation and induce cell
death via induction of apoptosis (Abd El-Hafeez et al.
2017a, b; Diederich and Noworyta 2012; Mukhtar
et al. 2012). Similarly, MIE induces cell apoptosis
significantly in HCC cells (Fig. 2). Apoptosis may be
activated by two different pathways: extrinsic or
intrinsic “mitochondrial” pathway (Elmore 2007).
These pathways activate caspases family proteins
(Parrish et al. 2013). Apoptosis can also occur through
another mitochondrial pathway, which is independent
on caspases activation (Tait and Green 2008).
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upon siRNA knockdown of AIF. Apoptotic cells in AIF-silenced
and MIE-stimulated HepG?2 or SNU-182 cells were analyzed by
flow cytometry, and total annexin V-positive cells were
quantified. The values are the mean + SD of three different
experiments. *p < 0.05 and **p < 0.005 indicate a significant
difference compared with negative siRNA transfectants

Interestingly, our results showed that pancaspase
inhibitor, z-VAD-fmk, failed to suppress MIE-in-
duced apoptosis (Fig. 2a—c). Furthermore, from a
molecular point of view, MIE treatment did not result
in activation of caspase-3, 8, and 9 (Fig. 2d). These
results indicate that MIE induces caspase-independent
apoptosis in hepatocellular carcinoma cells. Changes
in the mitochondrial membrane potential (A¥'m) have
been considered to be early, obligate events in the
apoptosis process (Cohen 1997; Zamzami et al. 1995).
Early loss of AYm may occur independently of
caspase activation. For example, resveratrol, a natural

@ Springer



840

Cytotechnology (2018) 70:831-842

flavonoid, induced AWm loss prior to any
detectable caspase activation (Mahyar-Roemer et al.
2001; Marzo et al. 2001). Similarly, in our study we
noticed that MIE induced loss of A¥m without
activation of caspases, which supports the ability of
the phytochemicals to induce apoptosis via mitochon-
drial dysfunction independently of caspases.

On the other hand, from mechanistic point of view,
the loss of AWYm has been partially attributed to the
Bcl-2 family proteins (Basafiez et al. 2012; Bleicken
et al. 2013; Garcia-Saez et al. 2010). Some pro-
apoptotic members of Bcl-2 family like Bax and Bak
can form membrane channels or pores, resulting in the
loss of Ayym (Bleicken et al. 2013). On the contrary,
the anti-apoptotic molecules such as Bcl-2 and Bel-xL
can prevent the conformational change and oligomer-
ization of Bax and Bak (Cabon et al. 2012; Martinou
and Green 2001). Furthermore, induction of apoptosis
is well correlated with the increase in the ratio of
proapoptotic/antiapoptotic Bax/Bcl-2 (Abd El-Hafeez
and Rakha 2017). Our data revealed that MIE
increases the proapoptotic/antiapoptotic (Bax/Bcl-2)
ratio which could be the possible mechanism by which
MIE conductes loss in the Aym leading to apoptosis.

Moreover, Mitochondria contain several poten-
tially apoptogenic factors, including apoptosis-induc-
ing factor (AIF) (Susin et al. 1999). It has been shown
that when apoptosis is induced, AIF translocates from
the mitochondria to the cytosol and the nucleus
(Lipton and Bossy-Wetzel 2002; Susin et al. 1999).
Furthermore, it was demonstrated that loss of Aym
correlates with AIF translocation to the cytosol and
nuclear alterations. Mitochondrion AIF is thought to
be feeble, as far as apoptosis modulation is concerned.
In contrast, nuclear AIF triggers chromatin condensa-
tion and DNA fragmentation (Nagata et al. 2003)
leading to apoptosis (Loeffler et al. 2001). AIF is
believed to induce caspase-independent apoptosis as
inhibition of caspase activation or caspase activity
does not eliminate the proapoptotic action of AIF
(Susin et al. 1999). We measured the translocation of
AIF from the mitochondria to the nucleus by Western
blotting. As expected, the expression of mitochondrial
AIF decreased while the expression of nuclear AIF
increased, in a dose-dependent manner, (Fig. 3d, f, g).
Taken together, the translocation of AIF from the
mitochondria to the nucleus due to MIE-treatment
without activation of caspases indicates that MIE
induced apoptosis via the caspase-independent-
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mitochondrial pathway. We also found that AIF
knockdown attenuates MIE-induced apoptosis in
HepG2 and SNU-182 cells. Although our data clearly
show that AIF plays an important role in MIE-induced
apoptosis, detailed molecular mechanism underlying
the AIF-driven apoptosis, especially its effect on
chromatin condensation and DNA fragmentation is
still unknown and needs to be addressed. In addition,
further analysis is needed to elucidate the upstream
molecular events by which MIE activates AIF. Kim
et al. (2012) reported that AIF-induced apoptosis
mediated by activation of ERK and p38 kinases. So,
the effect of MIE on the upstream molecules, in
particular MAP Kinases (ERK and p38), and its
relation to the apoptotic induction needs to be clarified
in future studies. On the other hand, however M.
indicus is considered as a poisonous plant at high
doses (Quattrocchi 2012; Rizk 1990), our in vitro
results showed its anti-tumor usefulness at low doses.
However, few studies demonstrated the efficacy of the
in vitro doses in the in vivo models (Abd El-Hafeez
et al. 2017a, b; Wang et al. 2006), but the dose that is
effective in in vitro studies is not often the same as the
dose that would be effective in animals or humans, so
further in vivo and clinical studies, including toxico-
logical aspects, should be done in the future to
determine the optimal effective and safe dose of
MIE for the prevention and treatment of HCC.

In conclusion, to our knowledge, this study is the
first to report the antitumor mechanism of action of
MIE. The treatment with MIE impaired cell prolifer-
ation and decreased cell viability via induction of
caspase-independent-mitochondrial apoptosis in hep-
atocellular carcinoma cells through the activation of
the AIF pathway. This might be the main mechanism
of MIE that suppressed growth of hepatocellular
carcinoma cells. MIE may be a good extract for
developing anticancer drugs for human hepatocellular
carcinoma prevention and treatment.
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