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Abstract

We recently demonstrated that the snake venom extracted from Walterinnesia aegyptia (WEV)
either alone or combined with silica nanoparticles (WEV+NP) enhanced the proliferation of
mice immune cells and simultaneously decreased the proliferation of human breast carcinoma
cell line (MDA-MB-231). However, the molecular mechanism of how this venom induced growth
arrest of breast cancer cells has not been studied. In this context, we extended our study to
evaluate the anti-tumor potential of WEV and WEV+NP on the human breast carcinoma cell
lines MDA-MB-231 and MCF-7, as well as their effects on non-tumorigenic normal breast
epithelial cells (MCF-10). The IC, values of WEV alone and WEV+NP in these cell lines were
determined to be 50 ng/ml and 20 ng/ml, respectively. Interestingly, at these concentrations,
the venom did not affect the viability of normal MCF-10 cells and treatment of all these cell
lines with NP alone did not affect their viability. Using annexin-V binding assay followed by flow
cytometry analysis, we found that combination of WEV with NP strongly induced apoptosis
in MDA-MB-231 and MCF-7 cancer cells without significant effect on normal MCF-10 cells.
Furthermore, we found that WEV+NP decreased the expression of Bcl2 and enhanced the
activation of caspase 3 in MDA-MB-231 and MCF-7 cells. Most importantly, WEV+NP-treated
breast cancer cells, but not normal MCF-10 cells, exhibited a significant (P<0.05) reduction in
actin polymerization and cytoskeletal rearrangement in response to CXCL12. Our data reveal
biological effects of WEV or WEV+NP and the underlying mechanisms to fight breast cancer

cells. Copyright © 2012 S. Karger AG, Basel
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Introduction

Despite the major advances in the understanding of the mechanisms of breast cancer
progression and in the development of novel therapeutic agents, breast cancer remains
the second leading cause of mortality among women. Mortality is almost invariably due
to metastasis [1, 2]. Metastatic disease remains the most critical condition limiting patient
survival, and the development of effective treatment against metastatic cancers, including
breast cancer, is among the most important challenge in current experimental and clinical
cancer research [3-5]. B cell CLL/Lymphoma 2 (Bcl2) family members are important
regulators of cell survival and apoptosis in many cancers, including lung carcinoma,
lymphoma and breast carcinoma [6, 7]. Of the Bcl2 family, Bcl2 is an anti-apoptotic protein
that is frequently over expressed in several types of human cancers [8]. Over expression
of anti-apoptotic members of the Bcl2 family such as Bcl2 and Bcl-xL has been implicated
in cancer chemoresistance, whereas low levels of these proteins promote apoptosis and
sensitize tumor cells to various anticancer therapies. Even though the mechanisms by which
Bcl2 family proteins regulate apoptosis are diverse, ultimately they govern decision steps
that determine whether certain caspase family members remain quiescent or become active
[9, 10]. Therefore, targeting the Bcl2 expression represents a promising strategy for the
development of novel anti-cancer therapeutics. The therapeutic potential of targeting the
Bcl2 signaling pathway is derived from the roles it plays in the promotion of cell growth and
the inhibition of apoptosis. These properties are mediated by crosstalk between Bcl2 and
several caspases that mediate apoptosis. Apoptosis is an essential and highly conserved mode
of cell death that is important for normal development, host defense, and the suppression
of oncogenesis. Apoptosis leads to removal of cancerous and virally infected cells, and the
aberrant regulation of apoptosis is a major cause of tumor development and progression
[11, 12]. Caspase-3 is a major regulator of apoptosis [13].

Cell adhesion and motility are fundamental functions of both normal cells and metastatic
tumor cells that involve both transmembrane adhesion receptors and intracellular signaling
molecules [14, 15]. The migration of cells through an extracellular matrix is a multistep
process that begins with the extension of lamellipodia, cell-surface protrusions comprised
of actin filaments, which are anchored to the underlying substratum by small, integrin-
dependent focal adhesions [16]. In both normal and cancer cells, the polymerization of actin
pushes against the plasma membrane and provides the force for forward movement. Within
the cell body, actin stress fibers generate contractile forces by pulling against focal adhesions
to induce retraction at the rear of the cell membrane. The bundling of actin filaments into
stress fibers clusters and activates integrins, leading to the formation of new focal adhesions
[17]. In normal cells, several transcription factors are activated following cell stimulation,
leading to cytoskeletal rearrangement and proliferation. These signaling molecules modulate
a wide range of intracellular events, including the regulation of actin polymerization, which
is necessary for cells to change shape, form lamellipodia, and migrate [18, 19]. Natural
products have become increasingly important in pharmaceutical discoveries, and traditional
herbalism has been a pioneering specialty in biomedical science. The search for effective
natural anticancer agents has continued to gain momentum in recent years [20]. Several
natural products have been used as anticancer agent inducing apoptosis and growth arrest
of breast cancer cells. Recently, it has been shown that the kernel (Mangifera pajang) crude
extract induced cytotoxicity in MCF-7 and MDA-MB-231 and that it induced cycle arrest
by activating caspase-2 and -3 [21]. It was found that Huaier extract could strongly inhibit
viability of MCF-7 and MDA-MB-231 cells in a time- and dose-dependent manner through
the activation of caspase-3 [22].

Snake venom is a complex mixture of many substances with a wide spectrum ofbiological
activities including toxins, enzymes, growth factors, activators and inhibitors [23]. Natural
toxins, especially a purified fraction of snake venom was used to reduce the size of the tumor
and block angiogenesis [24]. Few data are available about the anti cancer effect of snake

654


http://dx.doi.org/10.1159%2F000341446

C€||u|al’ Phy5|0|08y Cell Physiol Biochem 2012;30:653-665

. . DOI: 10.1159/000341446 © 2012 S. Karger AG, Basel
and B|Qchem|5try Published online: July 30, 2012 www.karger.com/cpb

Al-Sadoon/Abdel-Maksoud/Rabah/Badr: A Snake Venom Induces Apoptosis of Human
Breast Cancer Cells

venom and the mechanisms through which snake venom may exert anti cancer properties.
Therefore, in the present study, we investigated the effects of Walterinnesia aegyptia venom
(WEV), alone and in combination with silica nanoparticles (WEV + NP) on the survival of 2
human breast carcinoma cell lines (MDA-MB-231 and MCF-7) and control non-tumorigenic
normal breast epithelial cells (MCF-10) with special focus on the mechanisms through which
it act as anti cancer agent.

Materials and Methods

Preparation of Walterinnesia aegyptia venom

Walterinnesia aegyptia. snakes were collected from the central region of Saudi Arabia. The snakes were
kept in a serpentarium in the Zoology Department, College of Science, King Saud University. The snakes
were warmed daily using a 100-watt lamp for nine hours, and water was always available. The snakes were
fed purpose-bred mice every 10 to 14 days. The venom was milked from adult snakes, lyophilized and
reconstituted in 1X phosphate-buffered saline (PBS) prior to use.

Combination of snake venom with silica nanoparticles

Silica nanoparticles and its combination with snake venom was prepared at King Abdullah Institute for
Nanotechnology, King Saud University. Double mesoporous core-silica nanopsheres shell is formed around
silica cores by using anionic surfactant where the solid silica core is turned to mesoporous one. Firstly, for
the Synthesis of solid silica core 0.875 ml of aqueous ammonia was added into a solution containing 18 ml
of ethanol and 2.6 ml of deionized water followed by the addition of 1.5 ml of Tetraethyl orthosilicate (TEOS)
to the solution with vigorous stirring. Then the resulting mixture was heated at 30°C for 60 min then silica
precipitate was collected by centrifugation and washed three times with water. The molar composition of
the suspension was as follows: TEOS:EtOH:NH_:H,0 = 1:46.9:3.2:20.5. 1:37:1.1:2.7

Secondly, for synthesis of mesoporous core-shell nanosphere by using anionic surfactant silica SiO,
particles were dispersed in 15 ml of H,0 by ultrasonication for 10 min. For suppressing the agglomeration
of silica cores 1 g/L of polyvinylpyrrolidone, was added with continuous stirring for 60 min. Thereafter, 0.1
ml, 0.2933 g (1 mmol) and 1.5 ml of 3-aminopropyltrimethoxysilane (APMS), N-Lauroylsarcosine sodium
(Sar-Na) and TEOS were added, respectively to the reaction mixture with subsequent stirring at 50°C for
2 h. The final solid was recovered by centrifugation, washed with deionized water and dried in an oven at
60°C for 12 hours. Template removal was done by heat-treatment in an air stream at 550°C for 6 hours.
The resulting molar ratio was TEOS: H,0: APMS: Sar-Na: HCI: PVP = 1:331.6: 0.08: 0.14: 0.06: 5x10°. Then,
a total of 25 mg of mesoporous silica nanoparticles was added to a solution of 50 mg/ml venom in water.
The suspension was stirred for 2 hours; the evaporation of water was prevented. The mesoporous silica
nanoparticles loaded with venom were recovered using high-speed centrifugation and dried in a vacuum
oven at 60°C. Transmission Electron Microscopy (TEM) analysis was performed using a JEOL JSM-2100F
Electron microscope (Japan) operated at 200 kV. Nitrogen sorption isotherms were measured at 77 Kwith a
Quantachrome NOVA 4200 analyzer (USA). Before measurements, the samples were degassed in a vacuum
at 200°C for at least 18 hours. The Brunauer-Emmett-Teller (BET) method was utilized to calculate the
specific surface areas (SBET) using adsorption data in a relative pressure range from 0.05 to 0.35. By using
the Barrett-Joyner-Halenda (BJH) model, the pore volumes and pore size distributions were derived from
the adsorption branches of isotherms, and the total pore volumes (Vt) were estimated from the adsorbed
amount at a relative pressure P/P0 of 0.992.

Cell culture and reagents

Human MDA-MB-231 and MCF-7 breast cancer cells as well as non-tumorigenic normal breast
epithelial cells (MCF-10) were obtained from Dr. Douaa Sayed at Assiut University, Egypt and maintained
in a culture medium consisting of MEM supplemented with 10% heat-inactivated fetal bovine serum (FBS,
EuroClone, Life Science Division, Milan, Italy). The anti-proliferative effect of WEV and WEV+NP or NP alone
on these three cell lines was determined using the 3-(4, 5-dimethylthiazol-2-yl)-2, 5 diphenyltetrazolium
bromide (MTT) uptake method. The cells were plated at 1 x 10° cells/ml in 2 ml of culture medium in six-
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well Costar plates (Corning, Corning, NY). The cells were treated with different concentrations of WEV or
WEV+NP for 1, 2, 6, 12, 24 or 48 h, and cytotoxicity was expressed as a relative percentage of the OD values
measured in the control (NP), WEV- and WEV+NP-treated cells. Morphological changes were observed after
exposure to NP, WEV and WEV+NP using a phase-contrast inverse microscope (Olympus, Japan).

Apoptosis detection and flow cytometry analysis

Early apoptosis was measured using the Annexin V binding assay and flow cytometry analysis. Briefly,
cells were treated or not with medium alone (0), NP, WEV or WEV+NP for overnight and then were washed
and incubated in PBS containing 30% heat-inactivated human AB serum at 4°C for 30 min prior to staining
with Annexin V-FITC for 30 min at 4°C using a commercial kit according to manufacturer’s instructions
(BD Biosciences, France). The cells were washed twice with PBS and re-suspended in buffer solution (1 X
106cells/ml). Stained cells were analyzed using a flow cytometer (BD FACSCalibur, San Jose, CA) within 1 h of
staining, following manufacturer’s protocol. The percentage of cells undergoing apoptosis was determined
by calculating the Annexin V positive cells.

Immunoblotting

Whole-cell lysates were prepared from each cell line that were treated with or without NP, WEV- and
WEV+NP in RIPA buffer (20 mM Tris-HCI, pH 7.5, 120 mM NaCl, 1.0% Triton X100, 0.1% SDS, 1% sodium
deoxycholate, 10% glycerol, 1 mM EDTA and 1% protease inhibitor cocktail, Roche). Following centrifugation
at 16,000 x g at 4°C for 15 min, the protein concentrations in the supernatants were determined using
a protein assay kit (Bio-Rad, Hercules, CA) and BCA protein assay method. Equal amounts of whole-cell
protein (50 pug) were mixed with reducing sample buffer (0.92 M Tris-HCl, pH 8.8, 1.5% SDS, 4% glycerol, and
280 mM 2-Mercapto-ethanol) and separated using discontinuous SDS-PAGE. Proteins were transferred onto
nitrocellulose membranes using a Bio-Rad Trans-Blot electrophoretic transfer device, and the membranes
were blocked for 1 h at room temperature with 1% BSA or 5% skim milk dissolved in TBS (20 mM Tris-
HCI, pH 7.4, and 150 mM NaCl) supplemented with 0.1% Tween 20. The membranes were then incubated
in the same blocking buffer with anti-Bcl2, anti-active caspase 3 or anti-f-actin antibodies (1:1,000; Cell
Signaling Technology, Beverly, MA). The blots were thoroughly rinsed and then incubated with an HRP-
labeled species-matched secondary antibody for another 1 h. Protei n bands were detected using enhanced
chemiluminescence reagents (ECL, SuperSignal West Pico Chemiluminescent Substrate, Perbio, Bezons,
France), and the ECL signals were recorded on Hyperfilm ECL. To quantify band intensities, the films were
scanned, saved as TIFF files and analyzed using NIH Image] software.

F-actin polymerization assay

The three cell lines were cultured for 12 hours in culture medium supplemented with or without NP,
WEV or WEV+NP before the F-actin polymerization test. Intracellular F-actin polymerization was assessed
as previously described [25]. Briefly, cells were harvested and resuspended (4 x 10°/ ml) in HEPES-
buffered RPMI 1640 at 37°C with or without CXCL12 (250 ng/ml). At the indicated times, cell suspensions
(100 pl) were added to 400 ul of assay buffer containing 4 x 107 M FITC-labeled phalloidin, 0.5 mg/ml
L-a-lysophosphatidylcholine (both from Sigma-Aldrich) and 4.5% formaldehyde in PBS. The fixed cells
were analyzed using flow cytometry, and the mean fluorescence intensity (MFI) was determined for each
sample. The percentage change in MFI was calculated for each sample at each time point using the following
formula: 1-(MFI before the addition of CXCL12/MFI after the addition of CXCL12) x 100.

Statistical analyses

Data were first tested for normality (using Anderson-Darling test) and for variances homogeneity
prior to any further statistical analysis. Data were normally distributed and were expressed as the mean
+ standard error of the mean (SEM). Significant differences among groups were analyzed using a one-way
analysis of variance (for more than two groups) followed by Tukey’s post-test using SPSS software, version
17. Differences were considered statistically significant at P < 0.05.
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Fig. 1. Time- and dose-dependent responses of cell viability after WEV and WEV+NP treatment. MDA-MB-
231, MCF-7 and MCF-10 cells were treated for overnight with NP (open squares), WEV (open circles) or
WEV+NP (closed triangles) at concentrations of 1, 5, 10, 20, 50, 100 and 1,000 ng/ml (A). The same cells
were treated without (0) or with NP, WEV (50 ng/ml) and WEV+NP (20 ng/ml)for different incubation
times (1, 2, 6, 12, 24 and 48 hr) (B). The experiments were performed in triplicate, and the results are
expressed as the mean percentage of viable cells + SEM.

Results

WEYV alone or combined with NP decrease the cell viability of breast cancer cells

The effect of WEV or WEV+NP on the viability of MDA-MB-231, MCF-7 and MCF-10 cells
was assessed using the MTT uptake method. WEV inhibited the growth of MDA-MB-231 and
MCF-7, but not of MCF-10 cells in a dose (Fig. 1 A)- and time (Fig. 1 B)-dependent manner.
The combination of WEV with NP (WEV+NP) enhanced the effect of WEV on the cancer cells.
The maximal inhibitory effects of WEV and WEV+NP on cell viability were observed 12 hours
after treatment with 50 ng/ml of WEV alone or with 20 ng/ml of WEV+NP. Nevertheless,
treatment WEV or WEV+NP had no significant inhibitory effect on the viability of non-
tumorigenic normal breast epithelial MCF-10 cells. These experiments were performed in
triplicate, and the results are expressed as the mean percentage of viable cells + SEM. These
results were confirmed using a Trypan blue exclusion test, which was used to determine cell
viability and numerical cell counts simultaneously in all experiments (Table 1).
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WEYV combined with NP induces apoptosis and growth arrest of breast cancer cells

Because treatment with WEV and WEV+NP decreased cell viability of cancer cells
without affecting the viability of non-tumorigenic normal breast epithelial cells (MCF-10), we
investigated whether treatment with WEV or WEV+NP decreased cell viability by induction
of apoptosis or necrosis, a phenomenon important for the growth arrest of cancer cells. We
detected, using annexin-V commercial kit and flow cytometry analysis, the percentage of cells
undergoing apoptosis after treatment with NP alone, WEV, or WEV+NP. In one representative
experiment (Fig. 2 A) we found that the percentage of apoptotic cells was markedly increased
after treatment with WEV in MDA-MB-231 and MCF-7 cells. Furthermore, treatment with

658



http://dx.doi.org/10.1159%2F000341446

C€||u|al’ Phy5|0|08y Cell Physiol Biochem 2012;30:653-665

DOI: 10.1159/000341446 © 2012 S. Karger AG, Basel

and Biochemistry Published onfine: July 30, 2012 www.karger.com/cpb

Al-Sadoon/Abdel-Maksoud/Rabah/Badr: A Snake Venom Induces Apoptosis of Human
Breast Cancer Cells

A < MDA-MB-231 o MCF-7 2 MCF-10
s NP WEV ’ -
- WEVANP -
gl 4 EE Sg
K 2 8
T00 10! Tot F00 107 102 108 1ot
Annexin-V e
B 80
- #t #t [ 1 Control
T 60 A % = ne
o a ; Bl vV
= * | 23 WEVHNP
S 40 %7
=} 7z
= 7
< 20 1 Z
5 ?
7z
o Lol i mim| _[ZH
MDA-MB-231 MCF-7 MCF-10

Fig. 2. WEV combined with NP induced apoptosis in breast cancer cells. The potential of WEV and WEV+NP
to induce apoptosis was evaluated using annexin V binding assay and flow cytometry. The analysis of annexin
V stained cells was performed after gating on the homogenous cell population. (A) One representative
experiment of the five is shown for histograms of annexin V stained cells. (B) Data from five different
experiments are expressed as the mean percentage of apoptotic cells + SEM for the control (open bars), NP-
treated (gray bars), WEV-treated (closed black bars) and WEV+NP-treated (hatched bars). "P < 0.05, WEV-
treated vs. NP; #P < 0.05, WEV+NP-treated vs. NP; *P < 0.05, WEV+NP-treated vs. WEV-treated cells.

WEV+NP strongly enhanced apoptosis in breast cancer cells more than treatment with WEV
alone.

Our results from five independent experiments (Fig. 2 B) revealed that the percentage
of apoptotic cells was significantly increased, changing from 6 + 1% in the NP-treated MDA-
MB-231 cells to 41 + 4% and 59 + 5% in the WEV- and WEV+NP-treated MDA-MB-231 cells,
respectively ("P< 0.05, WEV vs. control; #*P< 0.05, WEV+NP vs. control; *P< 0.05, WEV+NP vs.
WEYV; n=5). Similarly, the percentage of apoptotic cells was significantly increased, changing
from5.5+0.5%inthe NP-treated MCF-7 cellsto 37 + 3% and 64 + 5% in the WEV-and WEV+NP-
treated MCF-7 cells respectively. Nevertheless, in non-tumorigenic MCF-10 treatment with
WEV alone or WEV+NP did not significantly increase the percentage of apoptotic cells as
compared to treatment with NP alone or with medium (0). In all experiments, treatment
with NP alone did not significantly affect the percentage of apoptotic cells as compared to
not treated cells.

WEV or WEV+NP mediated growth arrest of cancer cells is dependent on the down

regulation of Bcl2 and up-regulation of active caspase 3

Bcl2 is considered as a prognostic marker that promotes long-term survival of breast
cancer cells and functions to prevent apoptosis of these cancer cells in vivo and in vitro. We
therefore monitored the impact of WEV and WEV+NP on the expression of Bcl2 in breast
cancer cells and the crosstalk between Bcl2 and active caspase 3 as a pro-apoptotic protein
in tumor progression. Using antibodies against Bcl2, active caspase 3 and B-actin (as a
control for the amount of protein loaded) in western blot analyses, we normalized the levels
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of Bcl2 and active caspase 3 to the amount of total B-actin. In one representative experiment
(Fig. 3 A), we observed that the expression of Bcl2 was obviously decreased in WEV- and
WEV+NP-treated MDA-MB-231 and MCF-7 breast cancer cells, but not in non-tumorigenic
MCF-10 cells. In contrast, the expression of active caspase 3 was inversely correlated with
the expression of Bcl2 where its expression was clearly increased in WEV- and WEV+NP-
treated MDA-MB-231 and MCF-7 breast cancer cells, but not in non-tumorigenic MCF-10
cells. Nevertheless, treatment with NP alone did not affect neither the expression of Bcl2 nor
active caspase 3 in both MDA-MB-231 and MCF-7 breast cancer cells.

The results from five independent experiments (Fig. 3 B) showed that the normalized
levels of Bcl2 were significantly decreased from 422 + 32 in NP-treated MDA-MB-231 cells to
197 £ 19 and 89 = 9 in WEV- and WEV+NP-treated MDA-MB-231 cells respectively (*P< 0.05,
WEV vs. control; #*P< 0.05, WEV+NP vs. control; *P< 0.05, WEV+NP vs. WEV; n=5). Similarly,
the normalized levels of Bcl2 were significantly decreased from 370 + 31 in NP-treated MCF-
7 cells to 121 = 11 and 69 * 7 in WEV- and WEV+NP-treated MCF-7 cells respectively ("P<
0.05, WEV vs. control; #P< 0.05, WEV+NP vs. control; *P< 0.05, WEV+NP vs. WEV; n=5). In
contrast, the normalized levels of active caspase 3 were significantly increased from 46 + 5 in
NP-treated MDA-MB-231 cells to 181 + 16 and 298 * 23 in WEV- and WEV+NP-treated MDA-
MB-231 cells respectively, and from 62 + 6 in NP-treated MCF-7 cells to 389 + 35 and 470
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Fig. 4. Effect of WEV and WEV+NP on the
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+ 41 in WEV- and WEV+NP-treated MCF-7 cells respectively ("P< 0.05, WEV vs. control; #P<
0.05, WEV+NP vs. control; *P< 0.05, WEV+NP vs. WEV; n=5). Interestingly, neither treatment
with WEV nor with WEV+NP affected significantly the expression of Bcl2 and active caspase
3 in non-tumorigenic MCF-10 cells. Additionally, in the three cell lines the normalized values
of Bcl2 and active caspase 3 in NP-treated cells were nearly similar to those in non treated
cells (0) demonstrating that treatment with NP alone did not affect the expression of Bcl2 or
active caspase 3.

WEV combined with NP decreases CXCL12-mediated actin polymerization and cytoskeleton

rearrangement

Cytoskeletal organization plays a central role in cell movement, migration, adhesion,
proliferation, differentiation, vesicle trafficking and survival in both normal and malignant
cells. Actin and microtubules provide a dynamic cellular framework that orchestrates and
ultimately controls cellular activation and cancer metastasis. We therefore investigated
whether WEV alone or in combination with NP affected the actin polymerization induced by
CXCL12, a chemokine that plays a critical role in the survival and metastasis of breast cancer
cells. The cells were stimulated every 15 sec with CXCL12 (250 ng/ml), and the degree of F-
actin polymerization was determined using F-actin assay and flow cytometry. Accumulated
data from 5 independent experiments revealed that treatment with WEV (open circles) and
WEV+NP (closed triangles) significantly reduced the percentage of F-actin polymerization
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in MDA-MB-231 (Fig. 4 A) and MCF-7 cells (Fig. 4 B) as compared to NP-treated cells (gray
squares). In contrast, treatment with WEV or WEV+NP did not significantly alter the
percentage of F-actin polymerization induced by CXCL12 in non-tumorigenic MCF-10 cells
(Fig. 4 C).

Discussion

The anti tumor and cytotoxic effects of snake venom on various types of cancer cells have
been recently investigated [26, 27]. However, little is known about its effects on breast cancer
cells. We have recently demonstrated that the snake venom extracted from Walterinnesia
aegyptia (WEV) either alone or combined with silica nanoparticles (WEV+NP) enhanced
the proliferation of mice immune cells and simultaneously decreased the proliferation of
human breast carcinoma cell line (MDA-MB-231) [28]. However, the molecular mechanism
of how this venom induced growth arrest of breast cancer cells has not been studied. Here,
we investigated the anti-tumor potential of WEV either alone or combined with silica NP on
the human breast carcinoma cell lines MDA-MB-231 and MCF-7, as well as their effects on
non-tumorigenic normal breast epithelial cells (MCF-10). The expression of cell signaling
proteins involved in cell apoptosis, proliferation, and survival is a critically important event
during metastatic spreading [29], so it was the main focus of the current study. First, we
assessed the ability of WEV alone or combined with NP to arrest the growth of MDA-MB-
231, MCF-7 and MCF-10 cell lines, and we found that WEV affected the cell viability of breast
cancer cells without inhibiting the viability of non-tumorigenic normal MCF-10 cells. The
combination of WEV with NP (WEV+NP) markedly enhanced the inhibitory effect of WEV on
the cancer cells.

Using nanoparticles to deliver chemotherapeutics offers new opportunities for cancer
therapy. Therefore, the integration of drug delivery with nanotechnology in the field of
cancer therapy has attracted much attention in recent decades [30, 31]. By improving drug
bioaccessibility and chemosensitivity, nanoparticles as drug-delivery systems could increase
therapeutic efficacy to fight cancer cells and mitigate side effects on normal surrounding
noncancerous cells [32, 33]. Subsequently, combination of WEV with nanoparticles
increased the efficiency of WEV to arrest the growth of breast cancer cells without affecting
the viability of non-tumorigenic normal MCF-10 cells. Since the MTT assay shows metabolic
changes without absolute cell count, we investigated, using annexin-V commercial kit and
flow cytometry analysis, the percentage cells undergoing apoptosis after treatment with
WEV or WEV+NP. The percentage of apoptotic cells was increased after treatment with WEV
in MDA-MB-231 and MCF-7 cells. Furthermore, treatment with WEV+NP strongly enhanced
apoptosis in breast cancer cells more than treatment with WEV alone. Our results agree
with the results of Son et al. [34] and Park et al. [27], who attributed this growth inhibition
to apoptosis and cell cycle arrest. We next investigated the mechanism of cell cycle arrest
exerted by thisvenom. Ithas been established that the crosstalk between Bcl2 family members
control survival, tumor progression and resistance to chemotherapy in many cancers. Bcl2
is a well known anti-apoptotic protein that is frequently over expressed in several types of
human cancers [8]. In contrast, caspase 3 is a well known mediator of apoptotic cell death
[35]. Therefore, we monitored the impact of WEV and WEV+NP on the expression of Bcl2 in
the breast cancer cells and the crosstalk between Bcl2 and active caspase 3 as a pro-apoptotic
protein in tumor progression. The expression of Bcl2 was obviously decreased in WEV- and
WEV+NP-treated MDA-MB-231 and MCF-7 breast cancer cells, but not in non-tumorigenic
MCF-10 cells. In contrast, the expression of active caspase 3 was clearly increased in WEV-and
WEV+NP-treated MDA-MB-231 and MCF-7 breast cancer cells, but not in non-tumorigenic
MCF-10 cells. Nevertheless, treatment with NP alone did not affect neither the expression
of Bcl2 nor active caspase 3 in both MDA-MB-231 and MCF-7 breast cancer cells. Similarly,
Zhang et al. suggested that Husaier extract could strongly inhibit cell viability of MCF-7 and
MDA-MB-231 cells in a time- and dose-dependent manner [22]. Induction of cell-cycle arrest
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in breast cancer cell lines through caspase-dependent apoptosis by natural compounds was
also recently reported [35].

Actin cytoskeletal reorganization is the primary mechanism of cell motility and adhesion
[25,36].Actin-dependentcellularprocessesaretypicallyassociated withmembrane dynamics,
and the coordinated polymerization of actin filaments against cellular membranes provides
the force for these processes. Probably the most thoroughly characterized of such processes
are cell migration towards chemokines. Therefore, we monitored actin polymerization in
response to CXCL12 stimulation because both MDA-MB-231 and MCF-7 cells express CXCR4
and CXCR7 (data not shown), two chemokine receptors that bind to CXCL12. Similarly, Oliva
et al. [37] suggested that RGD disintegrins isolated from snake venom were potent anti-
metastatic agents that contributed to the inhibition of melanoma cell invasion through the
involvement of the actin cytoskeleton. The control of microfilament actin remodeling thus
represents a potential target for the development of anticancer drugs [38]. Taken together,
our data demonstrate the effect of snake venom as an anti-cancer agent. Most importantly,
combination of WEV with nanoparticles strongly enhances the growth arrest of breast cancer
cells through a direct effect on the crosstalk between Bcl2 and caspase 3.
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