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Abstract: Snake venom possesses various kinds of proteins and neurotoxic polypeptides,
which can negatively interfere with the neurotransmitter signaling cascade. This phenomenon
occurs mainly due to the blocking of ion channels in the body system. Envenomation prevents or
severely interrupts nerve impulses from being transmitted, inhibition of adenosine triphosphate
synthesis, and proper functioning of the cardiac muscles. However, some beneficial properties
of venoms have also been reported. The aim of this study was to examine the snake venom
as an anticancer agent due to its inhibitory effects on cancer progression such as cell motility,
cell invasion, and colony formation. In this study, the effect of venoms on phenotypic changes
and the change on molecular level in colorectal and breast cancer cell lines were examined.
A reduction of 60%—90% in cell motility, colony formation, and cell invasion was observed
when these cell lines were treated with different concentrations of snake venom. In addition,
the increase in oxidative stress that results in an increase in the number of apoptotic cancer
cells was significantly higher in the venom-treated cell lines. Further analysis showed that
there was a decrease in the expression of pro-inflammatory cytokines and signaling proteins,
strongly suggesting a promising role for snake venom against breast and colorectal cancer cell
progression. In conclusion, the snake venoms used in this study showed significant anticancer
properties against colorectal and breast cancer cell lines.

Keywords: colorectal cancer, breast cancer, cell motility, colony formation, oxidative stress,
apoptosis, IL-8, IL-6, RhoC, p-Erk'?

Introduction
Snake envenomation is a common phenomenon worldwide in general and in the
Kingdom of Saudi Arabia in particular. It has been estimated that ~421,000 snake
bites occur annually worldwide, out of which ~50% of victims do not survive.! In
the Kingdom of Saudi Arabia, ~51 species of terrestrial snakes have been reported,
out of which nine species are considered to be highly poisonous. Mostly, these snakes
belong to the following families: Hydrophiinae, Elapidae, Viperidae, and Atractaspidi-
dae. The few prominent and local species of snakes that are poisonous include Walterin-
nesia aegyptia, Atractaspis microlepidota, Cerastes gasperettii, and Echis coloratus.?
Clinical manifestation mainly depends on the type of the species of snakes.
Chemically, snake venom is a complex mixture of several enzymes and toxic
proteins. Phospholipases A2 is one of the predominant components found in the snake
venoms. The abundance of this enzyme is responsible for neuro- and cytotoxicities,
edema, thrombocytopenia, and impairment of blood clotting factors.? In addition,
researchers have discovered the presence of L-amino acid oxidase and disintegrin
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in snake venoms that can damage cellular integrity.* Inter-
estingly, under proper pharmacological regulation, snake
venoms can be beneficial in treating certain types of chronic
diseases including cancer.

In addition, Marsh and Williams® reported that snake
venoms have cytotoxic effects on cancer cells. Several
reports have also suggested the cytotoxic effect of snake
venoms against various types of cancers.® Treatment with
venoms not only produces toxic effect on the cells but also
interferes with the transport of nourishing substances needed
for the growth of tumors. This phenomenon leads to the
inhibition of signal transduction cascade mechanisms.’ In
this study, we observed an interesting outcome as a result
of treating colorectal and breast cancer cell lines with snake
venom; RhoC, a pro-metastatic oncoprotein, was downregu-
lated in snake-venom-treated MDA-MB-231 cell line, which
results in the downregulation of interleukin (IL)-6. Our find-
ings are in agreement with the previously published work,
where RhoC knockdown was shown to inhibit the expression
of IL-6 as well as decrease the phosphorylation of STAT3,
thereby resulting in the downregulation of the expression of
embryonic stem cell transcription factor “nanog”.'*!

In this study, venoms from four different species of snakes,
namely 1) Bitis arietans, 2) C. gasperettii, 3) E. coloratus,
and 4) Echis pyramidum, were used. One of the objectives
of the study was to evaluate the anticancer properties of the
aforementioned species of the snakes. As reported earlier,
snake venom did not show any effect on normal cancer
cells (CCD180co)."? In the light of this published work and
also due to the lack of the availability of primary cells to
the investigators, we assumed the selective nature of snake
venoms toward cancerous cells only.

The rationale of the study is to establish the molecular
mechanism by which snake venoms work against colorectal
and breast cancer progression. Our study shows the toxic
effect of venoms, which increases the concentration of reac-
tive oxygen species (ROS), resulting in the enhancement of
apoptosis in cancer cells. To the best of the authors’ knowl-
edge, no one as yet has provided studies in detail that show
the molecular aspect as well as anticancer properties of these
snake venoms found in the Kingdom of Saudi Arabia.

Materials and methods

Snakes and venom collection

The collection of snakes and their venom isolation were
performed after the approval was granted by the Research
Ethics Committee (REC) of Prince Sultan Military Medical
City (PSMMC) hospital. The same committee (REC) is
also responsible for animal care unit at PSMMC. Further,

the study was conducted at the Research Center of PSMMC
hospital. All animal experiments were performed based
on the guideline set-forth for the use of animals by the
Research Ethics Committee, PSMMC, Riyadh, Kingdom
of Saudi Arabia. Medically important snakes were captured
live from different regions of the Kingdom of Saudi Arabia.
These species do not fall under the categories of endangered
species and are abundantly found in this area.!® The snakes
were fed with live mice and water ad libitum. The painless
milking of the snake venom was performed by trained staff
with proper safety precautions.'* The ejected venom was
collected in a glass beaker, lyophilized, and stored at —80°C
until required. Stock venom concentration of 10 mg/mL in
phosphate-buffered saline (PBS) was prepared and steril-
ized by passing through a 0.22 um membrane filter prior to
its use. Further dilution, as per the experimental needs, was
performed in the same buffer system. For simplicity, we
designated the venoms as V1, V2, V3, and V4, which were
obtained from the following species of snakes: 1) B. arietans,
2) C. gasperettii, 3) E. coloratus, and 4) E. pyramidum,
respectively.

Cell culture

Cancer cell lines, namely HCT-8 (derived from the ileocecal
adenocarcinoma of a 67-year-old male)'* and MDA-MB-231
(obtained from cancerous breast mammary glands),'® were
kindly supplied by the cancer research facilities, King Saud
Bin Abdulaziz Medical City Hospital, Ministry of National
Guard-Health Affairs, Riyadh, Kingdom of Saudi Arabia.
These cell lines were cultured according to the standard
procedure as described earlier."’

Clonogenic survival assay

The clonogenic survival assay was performed according to
Datta et al.'® Briefly, 500 cells were allowed to grow in six-
well plates for 2 weeks in the absence or presence of differ-
ent concentrations of venoms as mentioned earlier. The cell
culture media were replenished every third day with fresh
venom added therein. At the termination of the assay, cells
were rinsed with PBS. Colonies thus formed were stained
for 45 minutes with 0.5% (w/v) crystal violet prepared in
0.6% (v/v) glutaraldehyde solution, rinsed with water, and
finally air-dried.

Cell motility assay

Cell motility assays were carried out in a six-well cell cul-
ture plate as described by Islam et al.'® Briefly, cells were
supplemented with complete medium and allowed to grow
in the absence or presence of different concentrations of
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snake venoms (V1-V4) as obtained from the four different
species of snakes as described earlier. The migration of cells
from the edge of the groove toward the center was monitored
microscopically at 200x magnifications 24 hours after treat-
ment with different concentrations of snake venoms to assess
the extent of scratched area covered. Percent motility was
calculated as described earlier by one of the coauthors (MI)
of this article.?® Briefly, the width of the scratch was mea-
sured at 0 hour (before treatment) and after 24 hours (after
treatment) to calculate the percentage of the gap covered by
the cells in this time period.

Cell invasion assay

Cell invasion assays were performed using BD Bio-Coat
Matrigel Invasion Chamber, which was obtained from BD
Biosciences (Bedford, MA USA). The procedure was fol-
lowed according to the manufacturer’s instructions and also
as described earlier.?

Determination of ROS

To evaluate the effect of snake venoms on ROS genera-
tion, the assay was conducted on the Muse Cell Analyzer
(Millipore, Bedford, MA, USA) using the ROS Kit (Cat no
MCH 100111-2; Millipore). Staining procedure was followed
as per the manufacturer’s protocol.

Apoptosis assay

To evaluate the extent of apoptosis caused by snake venoms,
the assay was performed on the Muse Cell Analyzer using
Annexin V and Dead Cell Kit (Cat No MCH 100105;
Millipore). Total apoptosis was calculated by summing up
the number of cells from late and early apoptotic quadrants
of the histograms.

Enzyme-linked immunosorbent assay
(ELISA)

The assay for the expression of IL-8 and IL-6 in snake-
venom-treated samples was performed as described by Duffy
et al.?! Briefly, the complete Dulbecco’s Modified Eagle’s
Medium (DMEM) containing 10% fetal bovine serum was
replaced by DMEM containing 1% bovine serum albumin
(BSA; to avoid interference of high concentration of serum
in the assay), and cells were incubated in this condition for
6 hours. Next, cells were exposed to snake venoms and
further incubated for 24 hours. At the completion of the
incubation, cell culture media were collected, centrifuged at
1,000 rpm for 5 minutes to remove the cell debris, and stored
at —80°C until used. The attached cells were trypsinized and
counted for normalizing the concentration of cytokines.

The assay was performed on pre-coated human IL-8
and IL-6 ELISA plates procured from R&D Systems
(Minneapolis, MN, USA). Experiments were performed as
per the manufacturer’s guideline. Color intensity was read on
the Hidex Sense Microplate Reader (Hidex, Turku, Finland)
at 450 nm. The expression was normalized by the number of
cells in each group and depicted in the form of bar graphs.
The concentrations of cytokines were reported in terms of
picogram per milliliter per million of cells.

Western blot analysis

The experiments were performed on the W3 Western
Workflow Complete System (Bio-Rad Laboratories Inc.,
Hercules, CA, USA). Equal amounts of proteins isolated
from the MDA-MB-231 cell line (control and snake-venom-
treated cell lysates) were mixed with 4x Laemmli buffer.?
The samples were boiled at 97°C for 5 minutes and then
separated on 4%—12% sodium dodecyl sulfate gels. Proteins
were transferred onto the pretreated polyvinylidene difluoride
membranes. After blocking the membranes in 3% BSA for
1 hour, they were probed with 1:1,000 diluted rabbit poly-
clonal Erk"? (pT202/pY204) + (pT185/pY187) and RhoC
antibodies (Abcam, Cambridge, UK). GAPDH (1:2,500
dilutions) was used as a loading control. After overnight
incubation at 4°C, membranes were washed and blotted for
1 hour with horse radish peroxidase-conjugated anti-rabbit
secondary antibodies (1:2,500). Next, bands were visualized
in ChemiDoc MP imaging system using enhanced chemilu-
minescence detection reagents; band density was calculated
using Image Lab 5.0 (Bio-Rad Laboratories Inc.), and the
normalized values were depicted in the form of bar graphs.

Statistical analysis

Statistical analyses were performed using Student’s
t-test. The mean was reported with + standard deviation.
Differences were considered to be statistically significant
when P-values were =0.05.

Results

Functional analysis of snake venoms on
HCT-8 and MDA-MB-231 cell lines

To assess the effectiveness of snake venoms, we performed the
anchorage-dependent colony formation assay in HCT-8 and
MDA-MB-231 cell lines in the absence or presence of snake
venoms. Furthermore, cell motility, which is an immensely
important parameter in cancer survival and progression, was
also assayed under the same treatment conditions. In this
study, we observed a distinguishable decrease in colony for-
mation in HCT-8 and MDA-MB-231 cell lines when treated
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with two different concentrations of snake venoms (5 pg/mL
and 10 pg/mL). Our pilot studies showed that cells having
concentations <5 plg/mL were unresponsive and >10 pg/mL
were morphologically distorted completely; hence, these two
concentrations were selected for the treatment of the cell
lines. The corresponding bar graph shows the quantitative
analysis of the colonies formed (Figure 1A-D). As shown
in Figure 1A-D, ~85%—-95% reduction in colony formation
was observed after treatment with the venoms. In addition, we
observed a perceptible decrease in cell motility when these
cell lines were challenged with snake venoms. Bar graphs
represent the extent of decrease in cell motility upon venom
treatment (Figure 2A and B). A significant decrease in the cell
motility was observed when the cell lines were treated with two
different concentrations of venoms. A decrease of 60%—90%
in cell motility was noticeable in HCT-8 and MDA-MB-231
cell lines when compared with their corresponding controls. In
addition, a dramatic decrease (50%—90%) in Matrigel invasion
was observed upon venom treatments (Figure 3A-D).

A Control

5 pg/mL 10 pg/mL

5 pg/mL 10 pyg/mL
V3 V4
S5pugimL 10 pg/mL 5 ug/mL 10 pg/mL
C
100

50 4

Number of
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L \(‘\ \(Q é\ \6\ \@ @ \(Q &

Figure | Clonogenic assay.

Snake venoms generate ROS in HCT-8
and MDA-MB-231 cell lines

To elucidate the probable cause of phenotypic changes in
these cell lines after treating them with snake venoms, we
determined the generation of ROS on the Muse Cell Analyzer
using the Muse Oxidative Stress Kit (Catno MCH 100111-2)
from Millipore. As shown in Figure 4A and B, a significant
increase in ROS was observed in venom-treated cell lines.
However, at the lower concentration of V1 (5 pug/mL),
colorectal cancer did not show significant ROS production.
Similarly, V1 and V2 at the same concentration (5 pg/mL)
also did not achieve the significant levels of ROS production
in breast cancer cell line. This phenomenon could be due to
the differential uptake of the venoms in this particular setup
of the experiments. Furthermore, it is a well-established
phenomenon that ROS is also responsible for the induction
of apoptosis in cancer cells.?** Therefore, our next aim was
to examine the extent of apoptosis in venom-treated cell lines.
In our future study, a detailed description of mitochondrial
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Notes: Anchorage-dependent colony formation assay shows a significant reduction in colony formation in (A) HCT-8 and (B) MDA-MB-231 cell lines when treated with
different concentrations of snake venoms. Quantitative analyses are given in the form of bar graphs for HCT-8 (C) and MDA-MB-231 (D). A significant decrease in the colony
formation is evident. “V” followed by numbers represents the specific venom, V1, V2, V3, and V4 are the venoms obtained from the species of the snakes, namely Bitis arietans,
Cerastes gasperettii, Echis coloratus, and Echis pyramidum, respectively. *Statistically significant values (P<<0.05).
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ROS blockers will be taken into account. These assays are
currently beyond the scope of this article.

Snake venoms cause late apoptosis in
HCT-8 and MDA-MB-231 cancer cell

lines
To evaluate the extent of apoptosis in snake-venom-treated
colorectal and breast cancer cell lines, an apoptosis assay

A ~ Control

% Invasion

Control V1 V2 V3 V4
Venom (5 pg/mL)

Figure 3 Matrigel cell invasion assay.

was performed using the Muse Cell Analyzer and Annexin
V staining method. The number of apoptotic cells was high
in venom-treated cell lines when compared with the control
group (Figure 5A and B). Approximately 60%—70% increase
in total apoptotic cells was observed in HCT-8 and MDA-
MB-231 cell lines. The quantitative analyses of these findings
are also depicted in the form of bar graphs. The limitation of
this study and the fact that the antibodies needed are not easily

B Control

% Invasion

Control V1 V2 V3 V4
Venom (5 pg/mL)

Notes: Cell invasion assay of (A) HCT-8 and (B) MDA-MB-231 cell lines treated with snake venoms. Bar graphs (C and D) show the quantitative analyses of the invasion of
HCT-8 and MDA-MB-231 cell lines, respectively. *Statistically significant (P<<0.05). VI, V2, V3, and V4 are the venoms obtained from the species of the snakes, namely Bitis

arietans, Cerastes gasperettii, Echis coloratus, and Echis pyramidum, respectively.
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available to evaluate the status of caspases (caspase-3 and/or
caspase-9) in venom-treated cell lines. However, this impor-
tant point will be incorporated in our subsequent studies.

Expression of IL-6 and IL-8 is
downregulated in venom-treated HCT-8
and MDA-MB-231 cancer cell lines

Elevated ILs such as IL-6, IL-8, and VEGF are proven mark-
ers of cancer progression.?'> Keeping in view the proactive
role of these cytokines in malignancy, we evaluated the
expression of IL-8 and IL-6 in HCT-8 and MDA-MB-231
cancer cell lines after treating them with snake venoms. As
shown in Figure 6A and B, a dramatic decrease in IL-8 and

IL-6 expressions was observed in the HCT-8 cancer cell
line upon treatment with venoms. Similar downtrend in
the expression of these cytokines was also observed in the
MDA-MB-231 cell line (Figure 6C and D).

Expression of RhoC and p-Erk'? is
downregulated in the MDA-MB-23 |
cancer cell line

To dissect the possible signaling mechanism that might be
disrupted in the venom-treated cell line, we checked the
expression level of RhoC, which is a metastatic protein and
constitutively active in many cancer types.?** In addition, we
looked at the phosphorylation state of Erk'?, a downstream
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Figure 4 (Continued)
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Figure 4 ROS was evaluated in (A) HCT-8 and (B) MDA-MB-231 cell lines, when treated with snake venoms for 24 hours.
Notes: Quantitative analyses of the ROS (+) were shown in the form of bar graphs (f), a=control, b=vI; 5 pug/ml and 10 ug/ml, c=v2; 5 pug/ml and 10 ug/ml, d=v3; 5 pg/ml
and 10 pg/ml, e= v4; 5 pug/ml and 10 pg/ml. *P-values =0.05 were considered significant. V1, V2, V3, and V4 are the venoms obtained from the species of the snakes, namely

Bitis arietans, Cerastes gasperettii, Echis coloratus, and Echis pyramidum, respectively.
Abbreviations: Neg, negative; Pos, positive; ROS, reactive oxygen species.

target of RhoC.? Interestingly, we found a decrease in the
expression of RhoC in venom-treated MDA-MB-231 cell
line and a corresponding decrease in the phosphorylation of
Erk"? (Figure 7). It is worth mentioning in this study that one
of the coauthors (MI) of this article previously showed the
doublets of p** and p** distinctly when using the primary anti-
body from cell signaling.'*?* However, this newly antibody
procured from Abcam failed to show doublets, and instead
a single band appeared in the Western blot; this could be
attributed toward the selective specificity of this particular
batch of the primary antibody.

Discussion

Approximately 15% of the total snakes found worldwide pos-
sess lethal venoms that are potentially dangerous for human
life.?’” Snake venoms are composed of a complex mixture
of proteins and peptides, which constitute ~95% of its dry
weight.?” In addition, some snake venoms also contain carbo-
hydrate, lipids, amines, and free amino acids.?® The distress-
ing effect of snake venom is due to the catalytic activity of the
enzyme present in it. The venoms are also known to contain
proteolytic and hydrolytic enzymes, proteases, proteinases,
and endopeptidases.” However, the beneficial qualities of
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Figure 5 Assessment of apoptosis in (A) HCT-8 and (B) MDA-MB-231 cell lines treated with different snake venoms for 24 hours.

Notes: The cells cultured in either DMEM or RPMI medium in the absence of venoms were used as control. Extent of apoptosis was detected by Annexin V—PI dual staining.
The percentage of total apoptotic cells (early + late) was calculated and shown in the bar graphs (f), a=control, b= vl; 5 ug/ml and 10 pg/ml c=v2; 5 pg/ml and 10 ug/ml, d=
v3; 5 pg/ml and 10 pg/ml, e= v4; 5 pg/ml and 10 ug/ml. The number of apoptotic cells was higher in the venom-treated cell lines when compared with the control group.
*Statistically significant (P<<0.05). VI, V2, V3, and V4 are the venoms obtained from the species of the snakes, namely Bitis arietans, Cerastes gasperettii, Echis coloratus, and

Echis pyramidum, respectively.
Abbreviations: DMEM, Dulbecco’s Modified Eagle’s Medium; P, propidium iodine; RPMI, Roswell Park Memorial Institute.
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Figure 7 Western blot analyses performed on W3 Western Workflow.

Notes: Equal amounts of proteins from venom-treated and control cell lines were separated on 10%—12% gradient gels. Membranes were probed with p-Erk', RhoC, and
GAPDH primary antibodies (1:1,000) and anti-rabbit |gG—-HRP-conjugated secondary antibody (1:2,500). Protein bands were visualized in ChemiDoc MP imaging system after
treating the membranes with ECL for 5 minutes at room temperature in dark. Densitometric analyses were performed using Image-] programing. VI, V2, V3, and V4 are
the venoms obtained from the species of the snakes, namely Bitis arietans, Cerastes gasperettii, Echis coloratus, and Echis pyramidum, respectively. A= Western blot of RhoC,
B= Normalized band density of RhoC by GAPDH, C= Western blot of P-Erk'2, D= Normalized band density of p-Erk|/2 by total Erk. *Statistically significant.
Abbreviation: ECL, enhanced chemiluminescence.
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snake venoms are also well recognized, especially in the
therapy of chronic diseases.'? Among these chronic diseases
is cancer, which is treated by conventional chemotherapy
and radiation therapy. In spite of tremendous advancement
in the modes of treatment of cancer, the rate of survival in
many cancer types has not significantly improved. Therefore,
treatment using snake venoms could open a new era in the
field of health sciences for various chronic immunological
disorders as well as cancer in the future.*

Keeping in view the importance of snake venoms, we
have investigated its effect on two cancer cell lines, namely
HCT-8 (colorectal) and MDA-MB-231 (breast). Our first and
foremost aim was to investigate the changes in the phenotypic
appearances of these cell lines upon treatment with venoms.
Various anticancer proteins and peptides are present in snake
venoms, which are responsible for impeding the growth and
development of cancer cells.?! Cell motility, anchorage-
dependent colony formation, and cell invasion are the very
basic but immensely important parameters that allow assess-
ment of the growth and survival of cancer. In our study, we
have shown a remarkable decrease in these three parameters
after treating the colorectal and breast cancer cell lines with
snake venoms (Figures 1-3).

It is worth noting that integrin, a surface adhesion pro-
tein, is highly expressed in malignancy and promotes cancer
metastasis.’>** Furthermore, Liu et al* and Calderon et al*
reported many anticancer bioactive molecules present in the
snake venoms. In our study, we also observed cell disintegrity
that was clearly observable due to severe distortion in colony
formation and cell movement in the snake-venom-treated cell
lines. Our results are also in accordance with their findings.
Therefore, it can be postulated that the disruption of normal
cellular architecture in the presence of snake venoms is prob-
ably due to the loss of the functional integrin. Furthermore,
Ahn et al*® have purified and characterized snake venoms and
reported the predominant presence of L-amino acid oxidase
in it. In addition to this, they observed the cytotoxic effect of
this enzyme on various cancer types such as fibrosarcoma,
colorectal carcinoma, and gastric cancer.

Next, in this study, we found a significant enhancement
in ROS in colorectal and breast cancer cell lines when treated
with snake venoms (Figure 4A and B). The effect was more
pronounced and universal when we used 10 pLg/mL of venom
concentration, especially for V1 and V2. This elevated
expression of ROS could be attributed toward the presence
of L-amino acid oxidase in snake venoms which contributes
to the generation of free ROS. We have demonstrated an

increase in the number of apoptotic cells upon treatment
with snake venoms. The increase in total apoptotic cells was
as high as 70% when compared with their corresponding
controls (Figure SA and B). In addition, ROS is known to
damage DNA and alter drug sensitivity in cancer.’*” While
cells are under stress due the presence of snake venoms, the
phenomenon of DNA damage is amplified multifold. In the
same line of research, Aitken et al*® reported the generation
of free oxygen species which leads to the state of oxidative
stress by L-amino acid oxidase in equine spermatozoa.
In addition, Park et al** demonstrated that in neuroblastoma
cells an increase in ROS due to treatment with snake venoms
increases pro-apoptotic proteins including Bax, and there was
a downregulation of anti-apoptotic B¢l-2 protein upon treat-
ment with venom. Our study is in good agreement with these
published reports. Park et al'? also showed that the elevated
ROS increases the apoptosis in colon cancer cell line. There-
fore, we can correlate our findings based on the previously
published work that an increase in the rate of apoptosis in
colorectal and breast cancer cell lines is the manifestation
of overproduction of ROS when the cells are challenged
with snake venoms. In this study, we observed that the low
concentration of V1 could not produce a significant amount
of ROS but showed a significant number of apoptotic cells
upon treatment; this discrepancy could be attributed toward
the differential cellular uptake of the venom by the cell line
in this particular setup of the experiment.

In addition, when the cell lines were treated with venoms,
we observed a decrease in the expression of IL-8 in HCT-8
and MDA-MB-231 cell lines (Figure 6A and C), which can
be correlated with the increase in the number of apoptotic
cells. Choi et al* also reported a similar phenomenon in
hepatocellular carcinoma, where knocking down of IL-8
and HIF-1o increases the concentration of cytochrome C
and consequently increases DNA fragmentation and apop-
tosis. We also observed a decrease in the expression of IL-6
upon treatment with venom in both cell lines, which is also
directly proportional to the increase in the level of apoptosis
(Figure 6B and C). The ROS and certain pro-inflammatory
cytokines are constitutively elevated during malignancy. It
has also been reported that IL-6 protects gastric cancer cells
undergoing apoptosis, induced by hydrogen peroxide.* Our
findings are also in agreement with this report, as reduced
expression of IL-6 in venom-treated cell lines positively cor-
relates with the increased number of apoptotic cells.

To elucidate the molecular mechanism of signaling
cascade in snake-venom-treated cell lines, we examined
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the expression of RhoC, which is a pro-metastatic oncopro-
tein, constitutively active in many cancer types including
head and neck squamous cell carcinoma.?® Interestingly,
a decrease in the expression of RhoC in the MDA-MB-231
cell line directly correlates with a decrease in metastatic
aggressiveness of the breast cancer cell line upon treat-
ment with venom.* The role of Erk'? in cancer metastasis
is well established.'® In this study, we found a significant
downregulation of p-Erk'? upon treatment with venom.
Our results are in accordance with the involvement of MAP
kinase in cancer progression.”’ The exact mechanism of the
action of snake venom in signal transduction has not yet
been characterized. However, we can postulate that RhoC
may be an intermediate molecule through which directly
or indirectly the activation of Erk'? takes place (Figure 7).
A schema of the probable mechanism of the action of snake
venoms against cancer is shown in Figure 8. The concept
of the schema is based on the findings depicted in Figures 6
and 7. When RhoC was downregulated, a decrease in the
expression of IL-6/IL-8 was observed in the venom-treated
cell line. Therefore, it can be postulated that a decrease in the
activation of Erk'? is the manifestation of the downregulation
of RhoC and IL-6. Furthermore, a study conducted by Islam
et al'® showed that the effect of downregulation of RhoC
results in a corresponding downregulation of IL-6 in head
and neck squamous cell carcinoma.

An implication of this study is that it may very likely
allow for the development of snake-venom-based anticancer
drugs that are less costly compared with current ones. This
is due to the abundance of snake venoms and the relative
ease of their isolation and purification of the active anti-
cancer components; it will be more feasible and conducive
for patients suffering from cancer to avail of these alternate
treatment strategies. In summary, venom therapy may allow
for the development of a new era in the treatment of various
chronic immunological illnesses in general and in cancer
therapy in particular.'2444

Conclusion

The findings presented in this study demonstrate that reduced
cell motility, cell invasion potential, colony formation, high
apoptosis, and elevated ROS, along with the lowering of
the pro-inflammatory cytokines, coupled with the down-
regulation of RhoC and p-Erk'?, correlate strongly with the
inhibitory role of snake venoms on colorectal and breast
cancer cell lines. Furthermore, these finding suggests that
venom therapy will be an important step toward a more
specific treatment for aggressive forms of cancer.
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