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Lung cancer persists as the leading cause of cancer incidences and mortalities worldwide, and is ranked
4th in Egypt. Globally, 2.1 million new lung cancer cases and 1.8 million deaths were reported in 2018,
representing close to 1 in 5 (18.4%) cancer deaths. Venom components have been investigated for
pharmacological activity as therapeutic agents. Intriguingly, several animal toxins have demonstrated
profound anticancer properties. These include toxins purified from snake, bee and scorpion venoms
effecting cancer cell proliferation, migration, invasion, apoptotic activity and neovascularization. In this
study, Apis mellifera (bee venom) and pandinus imperator (Scorpion venom) were assessed in terms of
anti-cancer potential in vitro, in comparison to Staurosporine (a potent protein kinase inhibitor) on Hs57T
cell lines. The cytotoxic, cell cycle arrest, and apoptotic effects were evaluated. The results
demonstrated ICso values for Apis mellifera and Pandinus imperator as 2.42 & 1.054 pg/ml respectively.
Both venoms exhibited significant apoptotic effects and cell cycle arrest potential at G2/M, as well as
anti-tumor regulatory effects due EGFR, VEGFR2, and MMP-1 expression level decreased assessed via
RT-gPCR in HsS57T cell lines.

Keywords: Lung Cancer, Hs57T (Sarcoma or Lymphoma), Apis Mellifera, Pandinus Imperator, apoptosis, anti-cancer
effects, Staurosporine

INTRODUCTION control (Ferlay et al., 2010). Decreases in

Worldwide, lung cancer remains the leading
cause of cancer incidence and mortality, with 2.1
million new lung cancer cases and 1.8 million
deaths in 2018, representing close to 1 in 5
(18.4%) cancer deaths (Bray et al., 2018).
According to Globocan, 2018, Lung cancer is
ranked 5" (4.7%) in terms of incidence, and 4"
(6.6%) in terms of mortality in Egypt. In developed
countries, technological advancements and
enhanced awareness contribute to a decreased
rate of mortality, when compared to previous
years. In contrast, in Egypt, more effective
diagnostic imaging techniques and awareness are
required to decrease lung cancer mortality rates
(Dubey et al.,, 2016). A national updated cancer
registry is essential for enabling efficient
strategies for cancer prevention, treatment, and

smoking have manifested as declines in lung
cancer incidence rates (El-Bolkainy, et al., 2016).
In regards to males’ incidences the highest being
in Western Asia, Northern Africa, Eastern Europe.
Incidences are relatively lower in Africa. In
females it represents the highest cause of cancer
related deaths in 28 countries. The variation of
lung cancer rates by region is approximately 20-
fold, and reflected via the maturity of smoking
epidemics and tobacco exposures, according to
the duration of smoking, types and degrees on
inhalation (Bray et al., 2018). El-Moselhyl and El
Rifai, (2018), report that over 80% of lung cancers
are attributed to smoking, and that prevention
through tobacco control measures, reduce active
smoking and involuntary exposure to smoke.
These measures are outlined and embedded
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along with advertising within the WHO Framework
convention on Tobacco Control (WHO, 2018;
Stewart & Wild, 2014). Primary pleuropulmonary
sarcoma is a heterogeneous type of tumor
inferred from cells of mesenchymal origin, which
seem to emerge from the lung and pleura.
Essential chest divider sarcomas are uncommon,
representing 0.2% of all lung cancers and 5% of
all thoracic neoplasms (Levra et al., 2012). Lung
cancer regularly shows up as a singular
pneumonic knob on a chest radiograph. In any
case, the differential conclusion is wide.
Furthermore, numerous other ilinesses favor more
specific imaging, including counting metastatic
cancer, hamartomas, and irresistible granulomas
caused by tuberculosis, histoplasmosis or
coccidioidomycosis (Ingbar, 2015). Confirmation
of lung cancer is based on histological
examination (Jameson, et al., 2018).

Animals’ venom are secretions mostly utilized
by the organisms for defense and/or
immobilization of their prey (Fernandes-Pedrosa,
et al.,, 2013). These secretions are mostly a
complex mixture of biologically active components
including neurotoxins (targeting nerve impulses’
transmissions), pain inducing enzymes and
substances (e.g. ion channel toxins), and
mycotoxins (i.e. attack and break down muscle
tissue) (Chaisakul, et al.,, 2016). Subsequently,
the research associated with identifying lead
compounds for novel therapeutics majorly
represents the employment of animal venom.
Therapeutics based on venom include, captopril
(Bothrops jararaca), exenatide (Heloderma
suspectum) and ziconotide (Conus magus).
Advanced stages of lethal cancers such as lung
remain a significant cause of mortality, due to their
‘aggressiveness’ i.e. their ability to grow and their
metastases to other regions causing devastating
outcomes (Ferlay, et al.,, 2015; Hanahan and
Weinberg, 2011). The employment of particular
strains of snake and Anthropos venom were
previously evaluated for their selective toxicity on
a variety of cancer cells (Ebrahim, et al., 2015;
Dubovskii et al., 2014; Donato et al., 1996; Huh et
al.,, 2012; Tseng, et al., 2004). Cura et al., 2002,
demonstrated the activity of administrating
crotoxin (a neurotoxin isolated from Crotalus
durissus terrificus venom) for its an analgesic
effect to advanced cancer patients which
minimized their consumption of analgesics. Sweet
bee venom was applied by Yoon, et al., 2012, as
pharmaco-puncture for patients with
chemotherapy-induced peripheral neuropathy.
Several distinct components have previously

exhibited effects on cancer development and
could provide an alternative platform for clinical
e.g. chlorotoxin, melittin, polybia-MPI,
phospholipase A2, L-amino acid oxidase,
disintegrins (Ma, et al., 2017; Chatterjee, 2018; Li,
et al., 2018).

Apis mellifera or Bee Venom (BV), comprises
melittin  and several other natural dynamic
peptides including apamin, mast cell
degranulating (MCD) peptide, and adolapin, it also
contains a complex blend of chemicals a-
galactosidase, phospholipase A2 (PLA2),
hyaluronidase, a-acetylamino-deosiglucosidase,
hyaluronidase, and corrosive esterase, as well as
nonpeptide components including norepinephrine,
histamine, and dopamine (Son, et al., 2007,
Raghuraman and Chattopadhyay, 2007,
Fernandes-Pedrosa, et al., 2013). Over the past
decade, several considerations were established
to the radio protective, antinociceptive, anti-
inflammatory, and anti-cancer potential of BV
(Varanda, and Tavares, 2005; Son et al., 2007;
Varanda, and Tavares, 1999; Fernandes-
Pedrosa, et al., 2013). A development of research
exhibited their impact for inducing apoptosis,
affecting expansion, cytotoxicity and restraining
development for several cancer cell types (Li, et
al.,, 2018; Fernandes-Pedrosa, et al., 2013; Han,
et al., 2007). Melittin has previously demonstrated
calmodulin activity and inhibitory effects of growth
and clonogenicity of human and murine leukemic
cells (Ownby et al.,, 1997; Samel et al., 2013;
Nam, et al, 2008). Previously, studies
demonstrated inhibition of cell growth and
induction of apoptosis in prostate and ovarian
cancer cells (Park, et al.,, 2011; Jo, et al., 2011;
Wang, et al., 2007). Moreover, the treatment
demonstrated apoptotic cell death in both
caspase-dependent and caspase-independent
manners due to intracellular Ca (2+)-modulated
intrinsic death pathway in human bladder cancer
cells (Ip et al., 2012). However, there is little data
for its effects in human lung cancer cells (Choi et
al., 2014).

Venomous arthropods such as scorpions,
possess a wide array of compounds in their
venom including Gonearrestide, hyaluronidase,
phopholipase, muco-polysaccharides, and
relatively low molecular mass molecules such as
histamine, serotonin, histamine releasers and
polypeptidyl compounds (Fernandes-Pedrosa, et
al.,, 2013; Rady, et al.,, 2017). Scorpion Venom
(SV) is known for being a rich source of small
neurotoxic proteins, which interact with ionic
channels (Goudet, Chi, and Tytgat, 2002), the
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most predominat being chlorotoxin  (Cltx)
(Olamendi-Portugal, et al., 1996). Soroceanu,
Manning, and Sontheimer, 1999, demonstrated
the binding potential of Cltx to glioma cells with
litle to no activity on normal cells. Several
peptides e.g. neopladine 1 and neopladine 2, and
Gonearrestide were purified from scorpion venom
and found to be active against human breast
carcinoma SKBR3 cells & colorectal cancer cells,
HCT116, by binding to the cell surface (D’Suze, et
al., 2010; Li, et al., 2018). Results indicating that
scorpion venom could represent candidancy for
the development new clinical treatments against
tumors. Pandinus imperator (Pl) is one of the
most common species of scorpion worldwide, with
two types of venom imperatoxin | and A(IpTx) and
pandinotoxin (PiTX-Ka) (Rowe, 2004; Zamudio et
al,, 1997). The venoms demonstrated similar
pathways of intracellular Ca (2+)-modulated
intrinsic death by binding to ryanodine receptors
(RyRs) (Shahbazzadeh et al., 2007; Duan et al.,
2012).

In the current study, the in vitro anticancer
activities of BV and Pl were examined in a penal
of human sarcoma and lymphoma cancer cell
lines (Hs 57.T) as an alternative cancer treatment
(i.e. lung cancer). The bioassays used to evaluate
the anticancer activities included cytotoxicity
assay, cell cycle arrest analysis and measure
gene expression levels of three selected genes
(EGFR, VEGFR2, and MMP-1).

MATERIALS AND METHODS

Materials

Cell culture Media and MTT staining,
penicillin-streptomycin, 25% trypsin-EDTA, and
propidium iodide DNA staining and all other
reagents were all purchased from (Sigma Aldrich,
USA). Cell culture grade dimethyl sulfoxide
(DMSO), medium RPMI-1640, human lung cancer
(Hs57T) cell line was kindly supplied from the
R&D Sector, The International Center for
Advanced Research, and previously acquired
from the American Type Culture Collection
(ATCC, Rockville, MD, USA). Scorpion venom
(Pandinus imperator venom) (Pl), bee venom (BV)
and Staurosporine drug were provided from ANDI
CO, VACSERA, Egypt) (abbreviation in
parentheses) preliminary study showed the
optimal dosages of venoms to be around 0.8
pg/mL, where cells appeared morphologically
composed and not much cell destruction was
observed. Taking into consideration this optimal
dose, all experiments in this study were performed

2.42 and 1.054 ug/ml final concentration unless
otherwise stated. Annexin V-FITC was from Bio-
Vision Research Products, USA and iScript TM
one-step real time-PCR Kit with SYBR® Green
was from Bio-Rad Laboratories, USA. One mg of
each venom was diluted in 1mL phosphate buffer
saline (1mg/ImL). All materials were serially
diluted in RPMI-1640 media to the appropriate
concentrations (Gajski et al., 2014).

Maintenance of cell line and culture conditions

The Hs57T (human lung sarcoma cell line)
was provided by VACSERA-Cell Culture Unit.
Cells were cultured in RPMI medium in the T-75
flasks (Griener, Germany) supplemented with
10% fetal bovine serum. The cell cultures were
maintained at 37°C, 95% humidified atmosphere
with 5% CO2. Monolayer cells were trypsinized at
80% confluency (Masters, 2000). Cell counts:
accurate cell numbers in suspension were
calculated using a hemocytometer (Soliman et al,
2013). Briefly, double fold dilution of the original
cell suspension was prepared by adding 0.5mL of
the undiluted cell suspension to 0.5mL of 0.4%
trypan blue dye. They were then mixed well and
immediately aspirated to fill the hemocytometer
counting chambers.

Cytotoxicity using MTT assay

Cells were plated in 96-well-plates with 100uL
of RPMI medium. 200uL were serially diluted
twice. The plates were then incubated with the
various venom concentrations for 24hr at 37°C.
For the MTT assay, 96-well-plates were washed
with PBS and 50uL of MTT were added into each
well, and then incubated for 3hr at 37°C. 50uL of
isopropanol were added and incubated for 5
minutes at 37°C. Plates were read using a micro-
plate reader at 570nm wavelength, and
absorbance was correlated with the respective
cell number (Mari-Beffa et al., 2007). Cytotoxic
effects of tested venoms on the Hs57T cell lines
were expressed as the ICso values (the drug
concentration reducing the absorbance of treated
cells by 50% with respect to untreated cells).
Inhibitory concentration (ICso) of compounds were
assessed using Masterplex software (2010). Cell
survival rate was calculated as (absorbance of the
treated wells)/ (absorbance of the control wells) x
100%.

Cell cycle analysis using propidium iodide
DNA staining by Flow Cytometry:

Cells were harvested in an appropriate
manner and washed with PBS, then fixed in cold.
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Table 1: Primer sequences for RT-gPCR for gene expression assessment as generated from

Rotor-Gene 6000 Series Software 1.7:

Primers | Forward Reverse

EGFR 5-GAGAGGAGAACTGCCAGAA-3’ 5-GTAGCATTTATGGAGAGTG-3’
VEGFR2 | 5-GTGACCAACATGGAGTCGTG-3’ 5-CCAGAGATTCCATGCCACTT-3’
MMP1 5-AGCTAGCTCAGGATGACATTGATG-3’ | 5-GCCGATGGGCTGGACAG-3’

70% ethanol. While, vortexing, the pellet was
dissolved drop-wise.

The cells were fixed for 30min at 4°C and
minimized clumping. After ensuring fixation, cells
were washed in PBS and spun at 850g. The
supernatant was discarded and the cells were
treated with ribonuclease | (from 100mg/ml stock
solution). 50ul of 100ug/ml stock of RNase was
added to ensure only DNA (not RNA) was stained.
Then, 200pl propidium iodide was added (from
50ug/ml stock solution) (Davies, 2012). Apoptotic
detection using Annexin V-FITC assay by Flow
Cytometry: 1-5x10, 5 cells were collected by
centrifugation then suspended in 500ul of 1X
binding buffer. 5ul of Annexin V-FITC & 5ul of
propidium iodide (Pl 50mg/ml) were added. Cells
were incubated at room temperature for 5min in a
dark room. Annexin V-FITC binding was analyzed
by flow cytometry (Ex= 488nm; Em= 530nm) by
FITC signal detector & PI staining by the
phycoerythrin  emission signal detector. For
adherent cells, gently trypsinized and washed
once with serum-containing media before
incubation with Annexin V-FITC (Bio-Vision
Research Products). The cells were washed twice
with cold phosphate-buffered saline (PBS) and
200 pL of Annexin-V binding buffer, 10 pL of
Annexin-V-FITC and 10 pL of Pl working solution
were added. After incubation in the dark for 15
min at room temperature the reaction mixture was
removed and the cells were washed with Annexin-
V binding buffer. Then, the cover slips with cells
were taken out from the wells and the mounted
preparations were made. The viability of the
treated and non-treated (control) cells was
observed under an epifluorescence microscope.

Gene expression analysis after treatment with
venoms and Tamoxifen:

The expression of regulatory and apoptotic
genes (EGFR, VEFGR2, and MMP-1) were
examined using real-time PCR in Hs57T cell lines.
Primer sequences of oligonucleotides used for
real time-PCR shown in the following table. Total
RNA was extracted from both treated and
untreated cells 24h post-treatment by iScript TM

One-Step real time-PCR Kit with SYBR® Green
(Romeiro, et al., 2016) by real-time quantitative-
PCR of RNA templates. cDNA synthesis and PCR
amplification were carried out routinely. Melting
curve analysis of PCR products was performed by
Step One TM Real-Time Systems software (Kit,
2012). Primer sequences for gene expression
analysis were generated via a Rotor-Gene 6000
Series Software 1.7 (Build 87) Copyright E12000-
2006 Corbett Research, a Division of Corbett Life
Science. All rights reserved. ISO 9001:2000 (Reg.
No. QEC21313)

Statistical analysis:

Data was processed statistically according to
Snedecor and Cochran (1982), where minimum,
maximum, mean value, standard deviation,
standard error, and range were presented. Mean
values + standard deviation (SD) of absorbances
obtained from cells incubated in the presence of
the treatments, were calculated. Results were
expressed as the percentage of the corresponding
negative control conducted in the same
experiment. Statistical analysis was performed
using GraphPad Prism 6 software. P values were
calculated by student's t-test from the mean
values of the indicated data. Significant
differences were marked with asterisks (*P < .05;
**P < 01; **P < .001; ***P < .0001).

RESULTS

Inhibitory effects of BV, PI on Cancer Cell
viability:

Cancer cell lines (Hs 57T) were exposed to BV &
Pl at standard concentrations. The results are
shown in Table 2 and Figure 1. There were
significant  inhibitory  effects of  studied
preparations towards Hs 57T cells in their
concentration range; Figure 1(A): demonstrates
the collective means, showing the inhibitory
effects of BV & SCV; SCV demonstrated the
higher inhibitory effects and cytotoxicity values i.e.
potency, followed by BV when compared to the
standard drug, which demonstrated the highest
effects.
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Table 2: Tabulation of BV, Pl and standard anticancer drug Staurosporine, Table shows Mean ICsg

+ SD and molecular weights

Series | Sample code Molecular Weight Mean ICso values + SD [g/ml
1 BV/HS57T 2846.515 g/mol 2.42+0.082***
2 SCV/HS57T 3,765 Da 1.054+0.051***
3 Staurosporine 466.53 g/mol 14.23+1.52
xicity (I Val
Cytotoxicity (IC50) Values _ BvHSSTT
20+
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E Bl CV/HS57T 2 40-
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Figure 1. (A) Graphic representation of the summarized cytotoxic effects Cytotoxicity BV, Pl and
standard staurosporine, After treatment for 24 h, the viability of the cells was determined by MTT
assay Data are means (xSD) from two independent experiments performed in triplicates; (B)
Values for viability percentages transformed log concentrations to demonstrate viability when
treated with SCV; (C) Values for viability percentages transformed log concentrations to
demonstrate viability when treated with BV; (D) Values for viability percentages transformed log
concentrations to demonstrate viability when treated with anticancer drug Staurosporine.

Cell Cycle arrest effects of of BV, Pl on Cell
viability by flowcytometery using Annexin-V
FITC:

Annexin V and PI staining followed by flow
cytometry can differentiate cells into different
stages. The results of these experiments were
shown in Figure 2 (A-J). Cell cycle phase

distribution of cells treated with/without venoms
were shown in Figure 3A and Table 3. The data
demonstrated that cancer cell cycle was
downregulated in G2/M phase, and was
consistent with our findings that showed the cell
cycle signals were affected after treatment.
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Figure 2: (A) Summary Percentages of cell cycle arrest effects using flow cytometery; (B)
Summary Percentages of apoptotic effects results using flow cytometery; (C-J). Flow cytometry

results using Annexin-V FITC using Diploid and Pl on BV, SCV, Staurosporine and non-treated
Hs57T cancer cell lines.
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Table 3: Tabulated report of BV, Pl and standard anticancer drug Staurosporine when treated with Hs 57T cells and their respective
control, in terms of Cell Cycle Arrest effects:

Sample data Results
SIN Code %G0-G1 %S %G2/M %Pre-G1 Comments
1 BV/HS57T 25.81 27.59 46.6* 31.47 Pre-G1 apoptosis & Cell growth arrest @G2/M
2 SCV/IHS57T 22.49 30.28 47.23* 43.59* Pre-G1 apoptosis & Cell growth arrest @G2/M
4 Sta‘/‘;oszpﬁ””e 31.25 26.82 | 41.93 28.72 Pre-G1 apoptosis & Cell growth arrest @G2/M
3 Control HS57T 49.57 42.76 7.67 1.82

Significant differences marked with asterisks (*P < 0.05).

Table 4: Tabulated report of BV, Pl and standard anticancer drug Staurosporinewhen treated with Hs 57T cells and their respective
control, in terms of Apoptotic and Necrotic effects:

Apoptosis
SIN Total Early Late Necrosis
1 BV/HS57T 31.47 4.66* 23.4 3.41
2 SCV/HS57T 43.59* 6.12* 34.66** 2.81
3 Control HS57T 1.82 0.91 0.36 0.55

Significant differences marked with asterisks (*P < .05; **P < 0.01).

Table 5: Tabulated report of gene expression results in terms of fold change 2* AACT for BV, SCV, and Staurosporine treated Hs57T
Cancer cell lines, and the untreated controls:

Gene expression Fold Change (2* AACT)
Sample data HS57T
S/N Sample code EGFR MMP1 VEGFR2
1 BV/HS57T 0.172086** | 0.437679 0.429475
2 SCV/HS57T 0.110661* | 0.120117* 0.288645*
3 Staurosporine/HS57T | 0.159541* | 0.238884 0.496525
4 control HS57T 1 1 1

Significant differences marked with asterisks (*P < .05; **P < 0.01).
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The report genertated demonstrated the following
percentages: For BV they were %G0-G1: 25.81;
%S 27.59; %G2/M: 46.6; and %Pre-G1: 31.47,
indicating Pre-G apoptosis & Cell growth arrest at
G2/M. For SCV (PIl) they were %GO0-G1: 22.49;
%S 30.28; %G2/M 47.23; and %Pre-G1 43.59
also indicating Pre-G apoptosis & Cell growth
arrest at G2/M.

Apoptotic effects of of BV& PI on Cell viability
by flowcytometery using Annexin-V FITC :
Annexin V and PI staining and flow cytometry
can separate and identify cells into different
stages. The results of these experiments were
shown in Figure 2 (A-J) and Table 4. The data
showed that induced apoptosis of the cancer cells
when compared to blank controls—a finding which
was also consistent with RNA expression analysis
of this study i.e. downregulation of selected

Gene Expression Analysis  BV/HS57T
SCV/HSSTT

#Staurosporine/HSS7T
control HSSTT
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genes. The report genertated demonstrated the
following percentages: For BV & SCV
respectively: total apoptosis (31.47; 43.59%) early
apoptosis (4.66*; 6.12*) Late apoptosis (23.4;
34.66**).

Gene expression Analysis effects for BV& PI:
To assess the effect of the treatments, the
expression of EGFR, MMP1, and VEGFR1 were
conducted to determine the effects of the potential
therapeutics, the results demonstrated a
downregulation in all of the expressed genes, but
only EGFR was statistically significant (P< 0.01);
SCV demonstrated an impact of significant
downregulation (P< 0.05) (Table 5 and Figure 3).
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Figure 3: (A) Summary of gene expression analysis using real-time PCR, through fold
change calculations; (B) EGFR gene expression experiment, significant downregulation
after treatment; (C) MMP1 gene expression experiment, significant downregulation after
treatment on Cancer Cells; (D) VEGFR2 gene expression significant down regulation after
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DISCUSSION

The utilization of animal venom has
demonstrated success in terms of illustrating its
potential as a therapeutic against several
diseases (Putz, et al., 2006; Chu, et al., 2007).
This is particularly true for venom-based
peptide/toxins, and investigations related to them
have provided insights towards various diagnostic
and therapeutic possibilities over the past decade.
Venom from animals has been proven to be a
useful source of drug candidates in natural drug
discovery to fight against diseases ((Putz, et al,
2006; Chu, et al.,, 2007). Especially for venom-
based peptide/toxin, it has paved new insights into
therapeutic and diagnostic potential for cancer
treatment in the last decade (Gajski, et al., 2013;
Qian, et al., 2015; Huh, et al., 2012; Liu, et al.,
2008).

Chaisakul, et al., 2016, discussed the effects
of venoms and toxins on the hallmarks of cancer.
Recent studies indicated that some of these
venomous peptide molecules with membrane
receptor molecules, extracellular matrix, and non-
receptor components, which could stimulate the
inhibition or dyregulation of a hallmark as
expressed by Hanahan & Weinberg, 2011; Wang,
et al., 2015).

Examples of these effects was the NN-32,
from Naja naja venom, which expressed cytotoxic
effects on MDA-MB-231 and MCF-7 cells, which
induced direct cancer death Qian, et al., 2015.
Other examples were sPLA2 and WEV, purified
from Vipera ammodytes meriodionalis, and
Walterinnesia aegyptia, respectively, which
provided apoptotic effects on a wide range of
cancer cell lines. Additionally, WEV and Silica
nanoparticles effectively which enhanced the
suppressive effects in mouse models in vitro Qian,
et al., 2015; Huh, et al., 2012; Kim, et al., 2015;
Cogulu, et al., 2009). Finally, Al-Asmari, et al.,
2017 and Al-Asmari, et al., 2018, encapsulated
scorpion venoms, which exhibit better efficacy and
acted more vigorously as an anti-cancer agent on
colorectal cancer cell line when compared with
their free counterpart. Scorpion venom has
demonstrated therapeutic potential against
various cancers (Gomes, et al., 2009; Heinen and
Veiga, 2011) The utilization of an encapsulation
form for the tested materials could be a potential
enhancement of the cytotoxicity and anti-cancer
outcomes of this study. Lung cancer is a major
affliction that constantly requires review of novel
therapeutic platforms. Zhang, et al.,, 2005 has
previously noted the potentially powerful anti-
cancer effects of scorpion venom from pandinus

imperator on androgen independent lung cancer
cell lines. Orsoli¢, 2012; Son et al., 2007;
Fernandes-Pedrosa, et al., 2013, all highlighted
the impacts of bee venom in terms of apoptotic,
necrotic, cytotoxic, and inhibitory effects on
cancer cells. The effects were restricted towards
hindering cancer cell and tumor development,
whilst maintaining little to no effects on normal
cells.

In the present study, the anti-cancer effects of
Pl and BV were evaluated on Hs57T cell lines, in
comparison to a common anti-cancer drug
Staurosporine. The  evaluated cytotoxicity
assessments were consistent with the work of
Zaky, et al., 2015, who highlighted ICso values of
bee venom on MCF7 cell lines, which provided a
value of 2.85 pg/mL. This value is almost
equivalent to the evaluated ICso value of bee
venom on HS57T cell line after 4 hours of
incubation acquired from this study which was
found to be 2.42ug/mL. Conversely, Sisakht et
al., 2017 and El-fiky et al., 2017, presented ICso
values of 28.52 pg/mL & 4.1 pg/mL on human
glioblastoma and A549 cell lines respectively.
Staurosporine is a known non-specific inhibitor of
protein kinases, and when targeted effects for
cervical carcinogenesis in terms of antitumor
activity is known e.g. Yadav, et al., 2015,
estimated its potential on cervical cancer cell
lines, and found potent potential. According to
Slightly, et al., 1986. ICso of Staurosporine on
Pfpkf is ImM. In the present study, the ICso value
of (Hs57T) treated with Staurosporine was
14.23pg/mL, while the ICso value from pandinus
imperator venom was 1.054 pg/mL. These do not
coincide with the results of Klenk, et al., 2000, but
work with the results of Li, et al.,, 2018, these
differences in presentation or potency could be
mainly attributed to the potential of cell lines,
which concluded that the highest cytotoxic effects
were present for SCV, followed by BV then
Staurosporine, however encapsulation could
provide better prospects.

The Cell cycle arrest & apoptotic effects of the
assessed venoms on the Hs57T cancer cell lines
were evaluated using flowcytometry. In regards to
cell cycle arrest statistical significance (p<0.05)
was observed and demonstrated efficacious cell
cycle arrest at G2/M for both BV and PI. It seems
as though cell cycle effects and apoptotic cell
passaging at both preGl and G2/M was
observed, which was correlated to the findings of
Alizadehnohi et al., 2017, where BV was applied
on human lung A549 cells, and exhibited preG1
and G2/M and cell cycle arrest and apoptosis.
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Pandinus imperatr (Pl) showed the same findings,
which was confirmed by Ding et al., 2014 and Li,
et al.,, 2018, who postulated that the dynamic
particles possess anticancer activity that are
consistent with the insightful review of Heinen &
Veiga, 2011, including antiproliferative,
dysregulation of the cell cycle, induction of
apoptosis, and decreased motility and
development. These were presented for SVs and
BVs on a multitude of cancer cells including
glioma, neuroblastoma, leukemia, lymphoma,
breast, lung and prostate cancers. Similar
outcomes were presented with Staurosporine on
the cell cycle HS57T cell line, pre G1 apoptosis
and cell cycle arrest at G2/M this comes in
assertion with Tamaoki et al.,1991; Yadav, et al.,
2015, both of which explored the kinase inhibitor’s
anti-tumor activity in vitro & in vivo and expressed
similar findings. Our findings indicated late
apoptosis and necrosis on all assessed materials.
These correlated to Abir, et al., 2018, on HepG2
cell lines treated with bee venom. But not
Alizadehnohi, et al., 2012, who exhibited early
apoptotic effects with bee venom on ovarian
cancer cells A2780cp. Dardevet et al., 2015,
postulated late apoptosis as well as necrosis with
Staurosporine, which  correlate  with  our
experiments. Furthermore, Melanoma treated with
staurosporine showed late apoptosis as well as
necrosis, Contrariwise, the apoptotic effects of
staurosporine on a human corneal endothelial
cells were at early stages (Thuret et al., 2003).
The antiproliferative effects demonstrated through
the downregulation of the cell cycle, and the
induction of late apoptosis is a powerful indicator
of the antitumor effects of both Bee Venom, and
Scorpion Venom treatments, however, the
cytotoxic effects were mostly witnessed for PlI, this
would suggest encapsulation for delivery as an
enhancement to the treatments to strengthen its
potency and therapeutic potential as anticancer
drugs for a devastating affliction as lung cancer,
which would be the future direction for this study.
The role of growth factors-driven signaling in
the pathogenesis of human cancer progression
has been extensively investigated (Chetty, et al.,
2010). It has been previously determined that
cancer cells rely on autocrine secretion of growth
factors, and reduce their dependency on
exogenous growth factor supplementation for
signaling proliferation (Hanahan, et al. 1996). The
epidermal growth factor receptor (EGFR) is often
heavily involved in the pathogenesis and
progression of different carcinoma types. EGFR is
described to occur on average at 50% to 70% in

the majority of human carcinomas including lung,
colon and breast carcinomas. Similarly, VEGF
and its receptors (VEGFRs) are key modulators of
a known hallmark of cancer: angiogenesis; and
specifically, was found to increase the proliferation
of endothelial cells from neighboring blood
vessels through interactions with VEGFR-2 (Seto,
et al., 2006; Mercurio, 2004). VEGFR2 functions
in regulating angiogenesis, promoting
proliferation, and migration survival, as well as
previously demonstrating a role in the
differentiation of endothelial cells, thus providing it
with a part in metastasis (Shibuya, 2006).
Subsequently, its downregulation was linked to
tumor regression. MMP-1, a neutral pH interstitial
collagenase enzyme, which participates in tissue
breakdown during tumor development, and has
been linked to several lung tumors Pendas et al.,
1996. Due to the aforementioned statements,
these genes were selected for the current study,
gene expression was assessed for all treatments
on the Hs57t cancer cell line.

In case of Staurosporine treatments the
results were that the gene expression of EGFR
decreased 6.3-fold, MMP1 was downregulated by
4.2-fold, VEGFR2, meaning it was also
downregulated by 2-fold. The changes in gene
expression justify the anti-proliferative effects of
the kinase inhibitor, while highlighting the
mechanism which distances itself from cytotoxicity
results. These results agree with Leu, et al, 2000
and Yadav, et al., 2015, where Staurosporine
stimulates apoptosis by inducing MCL-1 via the
mitogen-activated protein kinase pathway.

Regarding Bee Venom, nearly the same
outcomes of Staurosporine treatments was
observed, approximately 6-fold decrease in
expression for EGFR. 2.3-Fold downregulation of
MMP1 expression, and 2.3-Fold decrease in the
expression of VEGFR2. Putz, et al, 2007,
Presented similar outcomes in regards to EGFR
gene  expression, which attributes this
dysregulation to a block in the forcibly induced
sustained proliferative signals, and was also
associated with another hallmark which was
immune destruction (Lindsey & Langhans, 2015).
The results including treatments while using PI
venom included for EGFR, meaning expression
decreased by 9-fold, MMP1 also presented
denoted downregulation by 8.3-fold, and finally
VEGFR2 was downregulated by 3.5-fold. Han, et
al., 2007, expressed the presentation of MMP-1
and MMP-3’s inhibitory effects against ultraviolet
B induced human dermal fibroblasts. Ashutosh, et
al., 2012 proclaimed MMP-1’s induction of

Bioscience Research, 2019 volume 16(3): 2624-2640

2633



El-fiky et al.,

Bee and Scorpion Venom toxicity for lung cancer cells

apoptosis in cultured primary human neurons,
both of which presented expression effects similar
to the ones reviewed in this study. Furthermore,
Huh, et al., 2012, examined similar outcomes in
the assessment of anti-tumor effects of bee
venom, and noted that the mechanism of action
for anti-cancer activity in BV functions by VEGFR2
and COX-2 mediated MAPK signaling pathway.
Furthermore, EI-Miligy, et al., 2017, expressed
that interest in targeting the suppression of
VEGFR2 expression, should be a main focus for
the inhibition of cancer growth and metastasis.
Our results revealed significant anticancer effects
of pandinus imperator on HS57T cells, through
extensive downregulation of EGFR, MMP-1 and
VEGFR2, that surpasses the action of the kinase
inhibitor ~ Staurosporine, with the additional
protentional of decreasing metastatic effects as
shown from significant downregulation of MMP-1
and EGFR (Collisson et al., 2014).

Taking all the results into consideration, the
results for PI venom could be rationalized as
follows, it possibly consists of two fractions
Imperatoxin  and  pandinotoxin.  Imperatoxin
possesses nearly the same mechanism as a CI-
channel blocker as chlorotoxin from Leiurus
quinquestriatus venom (DeBin, et al., 2017). CTX
can specifically bind to the CI- channel on glioma
cells and inhibit glioma progression with evidence
of electrophysiological properties, and
subsequently expressed potential insights when
applying recombinant His-CTX, which
demonstrated the role of matrix
metalloproteinase-2 MMP2 that was
overexpressed on the glioma-cell surfaces (Lyons
et al., 2002; Deshane et al., 2003).

The anticancer effects of venoms and toxins
of scorpions in vitro and in vivo, were expressed
through actions of inhibiting cancer growth,
arresting the cell cycle, induction of apoptosis and
suppression of cancer metastasis (Zhang &
Zhang, 2016; Fernandes-Pedrosa, et al., 2013).
This isn’t solely attributed to the whole venom
itself. Zhang et al., 2009, polypeptide extracts
from the scorpion poison (PESV), of
approximately 50-60 amino acids purified from
BmK venom, affected cellular proliferation, and
possessed apoptotic effects on DU 145 human
prostate cancer cells.

CONCLUSION

From the previous results, Apis mellifera
venom and pandinus imperator venom have an
anticancer effect on lung sarcoma (HS75T cells)
through exhibiting a late apoptotic effect that

causes cell cycle arrest at G2/M in all tested
compounds. Regarding gene expression levels of
EGFR, VEGFR2 and MMP-1, Apis mellifera did
not present a significant downregulation apart
from EGFR, while Pandinus imperator venom
significantly downregulated the gene expression
levels. The mechanisms of these compounds in
terms of anticancer effects are not fully
understood, and perhaps a recommended
enhancement for these results would be the use
of a delivery system such as a nano-liposomal
delivery for the venom to further enhance the
outcomes.
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