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In vitro analysis of the anticancer properties of
scorpion venom in colorectal and breast cancer cell lines
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Abstract. Scorpion venom contains various types of proteins
and peptides that are able to act as inhibitors of neurotransmitter
molecules. This is achieved primarily via the inhibition of ion
channels. In addition, scorpion venom has been demonstrated
to exhibit anticancer properties in prostate and breast cancer, as
well as leukemia. The anticancer properties of scorpion venom
are due to its inhibitory effect on matrix metalloproteinase
(MMP) activity, which leads to reduced motility and invasion in
tumor cells. The inhibitory effects of venom on MMPs addition-
ally lead to a reduction in the metastatic potential of malignant
tumors. In the present study, the effect of venom obtained from
a local serpentarium facility was examined in colorectal and
breast cancer cell lines. Cell motility and clonogenic survival
assays revealed a significant decrease (60-90%) in cell motility
and colony formation, two significant hallmarks of cancer
survival, following treatment with various concentrations of
venom. These results were in agreement with previous studies
demonstrating the anticancer activity of scorpion venom. In
conclusion, the venom utilized at the Research Center of Prince
Sultan Military Medical City Hospital (Riyadh, Saudi Arabia)
possesses significant anticancer potential against colorectal and
breast cancer cell lines.

Introduction

Scorpion stings are a major health hazard worldwide, and in the
Saudi Arabian population in particular (1). High rates of inci-
dence of scorpion stings have been reported in Northwestern
regions of Saudi Arabia (2,3). Approximately 1,500 species of
scorpion have been reported so far, including one of the oldest
species on earth (4). As reported, the incidence of scorpion
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stings between the years of 1993-1997 was 72,168 individuals.
Of these, ~25 species of scorpion exhibiting high toxicity have
been identified in Saudi Arabia (5). The climatic, socioeco-
nomic and cultural circumstances of Saudi Arabia further
promote the occurrence of scorpion stings in the local inhab-
itants. There are an estimated 14,500 cases/year of scorpion
stings in the different regions of Saudi Arabia (6). The venom
from the Androctonus genus, which is commonly observed in
Saudi Arabia, is considered to be the most toxic type of scor-
pion venom, compared with the venom of other species (7).
The sting and envenomation of the scorpion generates
discomfort and pain in the victims, and may develop into
a number of medical complications, including hypoten-
sion, cardiac arrhythmia and respiratory distress (8). The
mechanism underlying scorpion stings and their associated
health complications is due to the venom acting as a potent
neurotoxin, which causes the inhibition of the Na*/K*-ATPase
pump, thus paralyzing the sympathetic and parasympathetic
nervous systems, with severe-to-fatal consequences (9).
Biochemically, scorpion venom contains several basic
proteins that are responsible for its neurotoxicity (10). Amino
acid sequencing of venom obtained from different species
of scorpion revealed that the above neurotoxins consist
of 60-70 amino acid residues, which are cross-linked by
four disulfide bridges (10). Furthermore, due to the close simi-
larities in their amino acid composition, all scorpion toxins
possess similar three-dimensional structures (10). In spite of
the various negative effects of scorpion envenomation, scorpion
venom contains numerous beneficial components, which are
currently being utilized for drug design in the pharmaceutical
industry (11,12). A number of antibacterial, antifungal (yeast)
and antiviral substances have been derived from peptides
isolated from scorpion venom (13,14). Additionally, scorpion
venom has demonstrated anticancer potential in pancreatic
cancer (15) and leukemia (16). Scorpion venom is constituted
by a complex mixture of salts, nucleotides, biogenic amines,
peptides, enzymes, mucoproteins and other proteins such as
neurotoxins (17). It has been recently observed that animal
venoms and toxins possess anticancer potential. Previous
studies have revealed that scorpion venoms and toxins are able
to reduce cancer growth, induce apoptosis and inhibit progres-
sion and metastasis in vivo and in vitro (17). A number of active
molecules with anticancer properties, including induction of
cell cycle arrest and apoptosis, inhibition of proliferation and
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reduction of cell migration and invasion, have been isolated
from scorpion venom (17). These observations have provided
insight into the application of scorpion venom and toxins as
possible novel anticancer therapeutics (17).

Cancer or malignancy may be defined as the uncontrolled
growth of cells leading to the development of disease. The
most remarkable feature of cancerous cells is their capacity
to invade and metastasize to different regions of the body
and form secondary tumors in these organs. The current
study analyzed the effects of scorpion venom on cancer cells.
In particular, of phenotypic alterations such as variations in
cell motility and clonogenic survival were assessed using
an anchorage-dependent colony formation assay. A total
of three distinct cancer cell lines derived from colorectal
(HCT-8 and HCT-116) and breast (MDA-MB-231) cancer were
selected for the present study. The rationale behind selecting
the above cell lines was the ease of availability of these cells
at the Research Center of Prince Sultan Military Medical City
Hospital (Riyadh, Saudi Arabia) and the prevalence of these
two malignancies among the Saudi Arabian population.

Colorectal cancer is cancer of the colon or rectum, which
is part of the large intestine or gastrointestinal system. Colon
cancer is the third most fatal type of cancer worldwide among
men and women. In 2014, it was estimated that ~138,000 patients
were diagnosed with colorectal cancer in USA, of which, ~50%
succumbed to disease (18). Similarly, breast cancer is the
second cause of cancer-associated mortality worldwide among
women (19). As reported by the National Saudi Cancer Registry
(Riyadh, Saudi Arabia), a case study conducted between
2001 and 2006 identified a significant increase in the occurrence
of colorectal cancer among the Saudi Arabian population (20).
A similar study conducted by Alghamdi e al (21) between
2001 and 2008 reported a significant increase in female breast
cancer, particularly among young women, in Saudi Arabia.
The above study also specified the geographical locations of
the prevailing disease, and identified that the Eastern region of
Saudi Arabia presented a linear upward trend in the occurrence
of breast cancer, compared with Southern areas of the country,
including Jazan, Baha and Najran (21).

Cell invasion, migration and metastasis to different parts of
the body are the most important characteristic features of cancer
cells. The migration of cancerous cells depends on the tumor
microenvironment, from which the cells receive nourishment
and support for the formation of novel vasculature (angiogen-
esis), which enables them to spread (22). The degradation of the
extracellular matrix (ECM) facilitates the movement of cancer
cells in the body (23). Cancerous tumors are comprised of aber-
rant cells in addition to macromolecules from the ECM, which
constitute a substantial part of their volume. These macro-
molecules are predominantly polysaccharides and proteins
of various types that are secreted locally, which are arranged
in a mesh-like structure and are closely associated with the
malignant tumor. Previous studies have revealed the role of
matrix metalloproteinases (MMPs) in the distortion of the ECM
meshwork, which results in the generation of a free passage for
cancer cells to migrate and invade distal parts of the body, thus
leading to the progression of metastatic disease (24,25). MMPs
are zinc-dependent endopeptidases that belong to the metzincin
enzyme superfamily and may adversely affect the architecture
of the ECM network (26-28).
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Recent studies have demonstrated that a 36-amino acid
peptide sequence, which contains four disulfide bridges and
derives from scorpion venom, is effective in inhibiting the
action of various MMPs in glioblastoma (29-31), pancre-
atic (15) and breast cancer (32). However, there are limited
studies on the effect of scorpion venom as an anticancer agent
on colorectal cancer. In those previous studies, MMPs were
observed to be constitutively overexpressed (33). Therefore,
the aim of the present study was to investigate the anticancer
potential of the scorpion venom obtained at the Research
Center of Prince Sultan Military Medical City Hospital,
against colorectal and breast cancer cell lines.

The findings of the present study indicated that reduced cell
motility and colony formation correlated with the inhibitory role
of scorpion venom on colorectal and breast cancer cell lines.
Furthermore, these results suggested that venom therapy may
constitute an important step towards the development of a more
specific treatment for aggressive types of cancer. To the best of
our knowledge, the present study is the first to demonstrate the
phenotypic changes that occur in colorectal and breast cancer
cell lines following treatment with scorpion venom.

Materials and methods

Scorpions and venom collection. Medically important
species of scorpion, including Androctonus crassicauda,
Androctonus bicolor and Leiurus quinquestriatus, were
collected from various regions of Saudi Arabia and housed at
Prince Sultan Military Medical City Hospital (Riyadh, Saudi
Arabia). A male and a female scorpion were housed in a
plastic box and fed with mealworms and water ad libitum.
Temperature of the room kept at 25°C with 12 h light and
dark cycles. The Research Ethics Committee of Prince Sultan
Military Medical City Hospital approved the present study
(project no. 1a/2013). Scorpion venom was milked by elec-
trical stimulation using 6012 Dual Pulse Stimulator (Harvard
Apparatus, Holliston, MA, USA). The ejected venom was
collected in glass beakers and immediately stored at -20°C.
The recovery of venom was achieved by mixing the sample
with distilled water, followed by centrifugation at 199 x g for
10 min. The supernatant was then lyophilized and stored at
-80°C until required. A stock solution of venom at a concentra-
tion of 10 mg/ml was prepared in phosphate-buffered saline
(PBS), which was sterilized by passage through a 0.22-ym
membrane filter (Cat no. SLGN 033RS, Thomas Scientific,
Swedesboro, NJ, USA) prior to use. Additional dilution, as
per the experimental requirements, was performed using
an identical buffer system. For simplicity, venoms were
designated as venom-1, -2 and -3, which were obtained from
the scorpion species Androctonus crassicauda, Androc-
tonus bicolor and Leiurus quinquestriatus, respectively.

Cell culture. Cancer cell lines, namely HCT-8 [derived from
ileocecal adenocarcinoma of a 67-year-old male patient (34)],
HCT-116 [derived from colorectal carcinoma of a male
patient (35)] and MDA-MB-231 [obtained from breast carci-
noma (36)], were supplied by the Cancer Research Facility
of King Fahad National Guard Hospital (Riyadh, Saudi
Arabia). The cell lines HCT-8 and HCT-116 were cultured
in RPMI-1640 medium, while MDA-MB-231 cells were
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Figure 1. Representative images of cell motility and colony formation in HCT-8 cells following treatment with venom-1. (A) Cell motility was significantly
reduced in HCT-8 cells following venom-1 treatment. (B) A decrease in cell motility of 25-100% was observed in HCT-8 cells treated with venom-1. Data
are presented as the mean + standard deviation of three independent experiments. (C) Colony formation was significantly reduced in HCT-8 cells following
venom-1 treatment. (D) A 78% decrease in colony formation was detected upon venom-1 treatment. Data are presented as the mean =+ standard deviation of the

count of five independent colonies per high-power field. “P<0.05 vs. control. *

cultured in Dulbecco's Modified Eagle's medium (Life Tech-
nologies, Thermo Fisher Scientific, Inc., Waltham, MA, USA)
containing 10% heat-inactivated fetal bovine serum (PAA
Laboratories, GE Healthcare Life Sciences, Chalfont, UK),
supplemented with 2 mM L-glutamine (cat no. 25030-081),
50 pg/ml penicillin G and 50 pg/ml streptomycin sulfate (cat
no. 10378-016; all Life Technologies, Thermo Fisher Scien-
tific, Inc.). This combination was designated as complete
medium. The cultures were maintained by replacing the
medium on alternate days until cells reached the desired
confluence. In order to initiate subcultures, 80-90% confluent
cells were washed using Ca*" and Mg**-free warm PBS, prior
to be treated with ~3 ml trypsin-ethylenediaminetetraacetic
acid (EDTA) solution (0.05% trypsin and 0.53 mM EDTA;
cat no. 25200-056; Life technologies, Thermo Fisher Scien-
tific, Inc.) for 5 min at 37°C. Subsequently, 5 ml complete
medium was added to the cells to quench the effect of trypsin,
and the cell suspension was next centrifuged at 1,000 rpm
for 5 min. The pelleted cells were resuspended in complete
medium and seeded into 25 ¢cm? culture flasks at a density of
1x10* cells/cm?. The cultures were maintained in a humidi-
fied atmosphere at 37°C with 5% CO, and 95% O,.

Cell motility assay. Cell motility assays were performed in 6-well
cell culture plates. HCT-8 and MDA-MB-231 cells at ~80%

“P<0.01 vs. control.

confluence were washed using PBS, and a fine scratch in the
form of a groove was created in the cell monolayer using a sterile
pipette tip, and immediately photographed. This time point was
designated as O h. Subsequently, cells were supplemented with
complete medium and allowed to grow in the presence of various
concentrations (20, 40, 60, 80 and 100 pg/ml) of scorpion venom
-1, which was obtained from Androctonus crassicauda. Next
HCT-116 cells were treated with 50 and 100 pxg/ml scorpion
venom -1. Additionally, cell motility and colony formation in
MDA-MB-231 cells were examined following treatment with 50
and 100 pg/ml of venoms -2 and -3, obtained from the species of
Androctonus bicolor and Leiurus quinquestriatus, respectively.
Control cells were grown in the absence of venom, and treated
with equivalent volumes of PBS instead.

The migration of cells from the edge of the scratch
towards the center was monitored microscopically at magni-
fication x10 upon 24 h of incubation, in order to assess the
extent of the scratched area that had been covered by the
migrated cells. The width of the scratch was measured at
0 and 24 h to calculate the percentage of the gap covered by
the cells in a 24-h time period.

Clonogenic survival assay. The clonogenic survival assay was
performed according to the protocol previously described by
Franken et al (37). Briefly, 500 cells were cultured in 6-well
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Figure 2. Representative images of cell motility and colony formation in HCT-116 cells following treatment with venom-1. (A) Cell motility was significantly
reduced in HCT-116 cells following venom-1 treatment. (B) A 50-80% decrease in cell motility was observed in HCT-116 cells treated with venom-1. Data
are presented as the mean =+ standard deviation of three independent experiments. (C) Colony formation was significantly reduced in HCT-116 cells following
venom-1 treatment. (D) A 58% decrease in colony formation was detected upon venom-1 treatment. Data are presented as the mean + standard deviation of the

count of five independent colonies per high-power field. "P<0.05 vs. control.
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Figure 3. Representative images of cell motility and colony formation in MDA-MB-231 cells following treatment with venom-1. (A) Cell motility was sig-
nificantly reduced in MDA-MB-231 cells following venom-1 treatment. (B) A 67-72% decrease in cell motility was observed. Data are presented as the
mean + standard deviation of three independent experiments. (C) Colony formation was significantly reduced in MDA-MB-231 cells following venom-1
treatment. (D) A 50-70% decrease in colony formation was detected upon venom-1 treatment. Data are presented as the mean =+ standard deviation of the count

of five independent colonies per high-power field. "P<0.05 vs. control.
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Figure 4. Representative images of cell motility and colony formation in MDA-MB-231 cells following treatment with various venoms. (A) Cell motility
was significantly reduced in MDA-MB-231 cells following treatment with V-1, V-2 and V-3. (B) A 50-63% decrease in cell motility was observed in
MDA-MB-231 cells treated with V-1, V-2 and V-3. Data are presented as the mean + standard deviation of three independent experiments. (C) Colony forma-
tion was significantly reduced in MDA-MB-231 cells following treatment with V-1, V-2 and V-3. (D) A 40-75% decrease in colony formation was detected
upon treatment with all three venoms. Data are presented as the mean + standard deviation of the count of five independent colonies per high-power field.

“P<0.05 vs. control. V, venom.

plates for 2 weeks, in the absence or presence of various
concentrations (20, 40, 60, 80 and 100 pg/ml) of scorpion
venom -1. HCT-116 cells were treated with 50 and 100 pg/
ml scorpion venom -1. Additionally, MDA-MB-231 cells
were examined following treatment with 50 and 100 pg/ml
of venoms -2 and -3, respectively. Control cells were grown
in the absence of venom, and treated with equivalent volumes
of PBS instead. Upon termination of the assay, the cells were
washed with PBS, and the colonies formed were subsequently
stained for 45 min with 0.5% (w/v) crystal violet (cat no. C
3886; Sigma-Aldrich, St. Louis, MO, USA) prepared in 0.6%
(v/v) glutaraldehyde solution (cat no. C 3886; Sigma-Aldrich),
rinsed with water and air-dried.

Statistical analysis. Statistical analyses were performed
using the Student's 7-test. Results are presented as the
mean =+ standard deviation. The data were analyzed in tripli-
cate, using Graph Pad Prism software, version 4.0 (Graph Pad
Software, Inc., San Diego, CA, USA). P<0.05 was considered
to indicate a statistically significant difference.

Results

Treatment with scorpion venom decreases motility and colony
formation in HCT-8 cells. The present study focused on the
in vitro effects of scorpion venom in three distinct well-estab-
lished cancer cell lines, namely HCT-8, HCT-116 and
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MDA-MB-231. These cell lines have been well-characterized,
and are widely used as models to investigate various aspects
of cancer metastasis. The main aim of the present study was to
evaluate the anticancerous potential of venom obtained from
scorpions. As demonstrated in Fig. 1A, the cell motility of the
HCT-8 cell line was observed to decrease in a dose-dependent
manner. Notably, at a concentration of 100 xg/ml of venom-1,
a complete halt in cell motility was observed following 24 h of
incubation. Fig. 1B reveals the gradual percentage of scratch
covered in the HCT-8 cell line 24 h subsequent to wounding. In
addition, anchorage-dependent colony formation, a hallmark
of cancer cell survival, was examined. A marked decrease in
colony formation was observed following venom-1 treatment
in the HCT-8 cell line, compared with the control (Fig. 1C).
Fig. 1D reveals a ~70-90% reduction in colony formation at a
concentration of 80-100 yg/ml of venom-1.

Treatment with scorpion venom decreases motility and colony
Sformationin HCT-116 cells.In HCT-116 cells, a significant reduc-
tion in cell motility and colony formation was observed following
treatment with 50 and 100 ug/ml venom-1 (Fig. 2A and C).
Statistical analysis of cell motility and colony formation is
depicted in the form of bar graphs (Fig. 2B and D). Asterisks
indicate the significance of cell motility and colony formation in
the treatment group, compared with the control (P<0.05).

Treatment with scorpion venom decreases motility and colony

formation in MDA-MB-231 cells. In order to investigate the
efficacy of venom-1 as an anticancer agent in different types
of cancer other than colorectal, a breast cancer cell line,
namely MDA-MB-231, was also included in the present study.
A similar pattern of inhibition in cell motility and colony
formation was observed (Fig. 3), confirming that the action
of venom-1 was not restricted to one type of cell line, but may
display a wide range of anticancer properties, as evidenced by
the phenotypic changes observed in the cell lines analyzed in
the present study. Furthermore, venom obtained from Androc-
tonus bicolor and Leiurus quinquestriatus was used against
the MDA-MB-231 cell line, and a similar inhibitory effect was
observed on colony formation and cell motility (Fig. 4). These
findings suggest a potential novel area of research aimed to
elucidate the molecular mechanism responsible for the anti-
cancer activities of scorpion venom.

Discussion

Scorpion venom is a chemically enriched substance, containing
various proteins and peptides, which may act as an anticancer
agent. Scorpion venom exhibits anticancer potential via the
inhibition of cell proliferation and growth in vitro by inter-
fering with the activity of various signaling molecules such
as phosphatase and tensin homolog, which are involved in a
number of signal transduction cascades (38-40). The present
study evaluated the effects of scorpion venom on cell motility
and colony formation in two well-established and character-
ized colorectal cancer cell lines, HCT-8 and HCT-116, in
addition to the breast cancer cell line MDA-MB-231. A marked
reduction in cell motility and colony formation was observed
in a dose-dependent manner in the above colorectal cancer
cell lines. Due to the limited availability of venom, the median
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concentration of venom-1 that was used to treat HCT-8 cells
was selected to evaluate the effects of venom-1 in the HCT-116
cell line, and the same inhibitory effect was observed in cell
motility and anchorage-dependent colony formation assays.
In order to investigate whether scorpion venom exhibited a
broad range of anticancer activity rather than being specific
only for colorectal cancer cells, a breast cancer cell line,
namely MDA-MB-231, was additionally studied. A percep-
tive decrease in cell motility and colony formation was also
observed in these cell line, although within minor experimental
variation, indicating that venom-1 also exhibited an inhibitory
effect on breast cancer cells. Minor fluctuations in the outcome
of the treatments may be attributed to the differential uptake
of venom-1 in the different experimental setups. Nevertheless,
the results demonstrated that venom-1 acted as an inhibitor
of cancer cell motility. Furthermore, a similar phenotypic
inhibitory effect was observed following treatment with
venoms obtained from Androctonus bicolor (venom-2) and
Leiurus quinquestriatus (venom-3). Cell motility and colony
formation are two important factors that are widely used in
cancer research to evaluate the effectiveness of anticancer
drugs or micro-RNAs on cancer progression (41,42). Focal
adhesion kinase (FAK) is an important molecule for focal
assembly and contraction of cells, which facilitates move-
ment and invasion into the ECM. The activation of FAK is
necessary to achieve adhesion, followed by movement of cells
in various directions and enhancement of cell motility (43).
Reduced cell motility in the presence of scorpion venom, as
demonstrated in the present study, may be a manifestation of
loss of active FAK due to the action of the venom, which may
instigate a signaling cascade leading to phenotypic changes via
the retardation of normal cell activities. Similarly, clonogenic
assay is a representation of cell proliferation, and assesses the
survival of a single cell, which may form colonies to ensure its
growth and survival (37). As presented in the current study, a
marked decrease in colony formation following treatment with
venom was an additional indication of the inhibition of cancer
cell proliferation in the presence of the three scorpion venoms
analyzed.

The findings of the present study suggest the identification
of a novel and productive area of future research aimed to
elucidate the underlying molecular mechanism that enables
scorpion venom to inhibit cell motility and colony formation in
cancer cell lines. Two possible mechanisms may be proposed
to explain this reduction in cell motility and colony formation:
i) A decrease in the expression of MMPs, and ii) a reduction
in the phosphorylation levels of FAK, which is involved in cell
migration and invasion. However, these hypothetical mecha-
nisms will require future investigation.

In conclusion, the present study demonstrated that scorpion
venom is able to act as an anticancer agent by decreasing cell
motility and colony formation in colorectal and breast cancer
cell lines. The results of the present study add to the increasing
body of evidence supporting the potential of scorpion venom
to be used as an anticancer agent, and indicate the requirement
for molecular analysis of the action of the underlying signaling
mechanisms. Therefore, scorpion venom may represent a
valuable therapeutic tool to be used as part of the therapeutic
regimen for the treatment of patients with colorectal and breast
cancer.
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