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ABSTRACT 

Our findings represent the first report of the antitumor activity of the disintegrin-like components from the venom of 
Armenian viper (M. raddei). The venom of M. raddei was separated by reverse phase high-performance liquid chroma-
tography (RP HPLC), and individual fractions were analyzed for disintegrin activity. Disintegrin-like components from 
the venom of M. raddei, by blocking integrins on breast cancer cells (MDA-MB-435), not only interferes with adhesion 
of breast cancer cells to the extracellular matrix, but also inhibits cellular mobility which is essential for cancer inva-
sion. These effects seriously curtail the metastatic capability of the MDA-MB-435 cells. 
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1. Introduction 

Cancer is a class of diseases or disorders characterized by 
uncontrolled division of cells and the ability of these to 
spread, either by direct growth into adjacent tissue through 
invasion, or by implantation into distant sites by metasta-
sis (where cancer cells are transported through the blood-
stream or lymphatic system). Cell division or cell prolifera- 
tion is a physiological process that occurs in almost all 
tissues and under many circumstances. Normally the 
balance between proliferation and programmed cell death 
is tightly regulated to ensure the integrity of organs and 
tissues. The uncontrolled and often rapid proliferation of 
cells can lead to an initially benign tumor but it may 
carry a risk of turning malignant (cancer). Benign tumors 
do not spread to other parts of the body or invade other 
tissues, and they are rarely a threat to life unless they 
extrinsically compress vital structures. Malignant tumors 
can invade other organs, spread to distant locations (me-
tastasize) and become life-threatening [1]. 

Cancer cells can also switch the types of extracellular 
matrix receptors (integrins) they express, favoring ones 
that transmit progrowth signals [2]. These bifunctional, 
heterodimeric cell surface receptors physically link cells 
to extracellular superstructures known as the extracellu- 
lar matrix (ECM). Successful binding to specific moie- 
ties of the ECM enables the integrin receptors to trans- 
duce signals into the cytoplasm that influence cell be- 
havior, ranging from quiescence in normal tissue to mo- 

tility, resistance to apoptosis, and entrance into the active 
cell cycle. Conversely, the failure of integrins to forge 
these extracellular links can impair cell motility, induce 
apoptosis, or cause cell cycle arrest [2].  

Integrin subunits penetrate the plasma membrane, and 
in general have very short cytoplasm domains of about 
40 - 70 amino acids. Outside the cell plasma membrane, 
the alpha and beta chains of integrins lie close together 
along a length of about 23 nm, the final 5 nm NH2-ter- 
mini of each chain form a ligand-binding region for the 
ECM [3].  

The importance of vitronectin receptors (integrins 
αvβ3 and αvβ5) in angiogenesis is well known [4]. Yet 
integrins are not only central to angiogenesis. Pathologi- 
cal examination indicates that the level of αv expression 
in breast cancer is directly related to migration or metas- 
tasis [5], with higher levels of integrin associated with a 
more metastatic phenotype. 

The main functions of integrins are: attachment of the 
cell to the ECM, and signal transduction from the ECM 
to the cell. One of their most important functions is their 
role in cell migration. Three steps: cell adhesion, cell 
migration and cell invasion are critical to tumor metastasis 
and cancer progression. Identifying a molecule that will 
disrupt these functions is the beginning to a path that 
may lead to development of therapeutic agents for can- 
cer. 

Several classes of integrins recognize the RGD se- 
quence present in ECM proteins [6]. Previous studies 
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showed that peptides containing the RGD sequence bind 
competitively to integrins on the surface of tumor cells 
and inhibit binding of the cancer cells to the ECM [7]. 
Agents that disrupt interactions of these integrins should 
have significant anti-tumor activity [8]. 

Crude snake venoms are complex mixtures of compo- 
nents with diverse pharmacological activity and toxicity. 
The venoms of snakes belonging to one defined family 
contain a regularly recurrent set of major and minor 
components. However, it has been shown in numerous 
reports that the amount of individual components varies 
in venoms of different provenance. The term “disinte- 
grin” was used to describe a group of viper venomde- 
rived, nonenzymatic small proteins that shared numerous 
structural and functional properties [9]. Disintegrins were 
discovered and isolated from the venom of snakes and 
were given their name because of their biological func- 
tion of binding to integrins.  

Disintegrins contain a characteristic tripeptide motif, 
e.g. Arg-Gly-Asp (RGD), which is critical for binding 
integrins. Disintegrins are among the most potent known 
natural inhibitors of integrin function and are active at 
nanomolar concentrations, whereas the activity of the 
short linear RGD peptides is observed at the micromolar 
level. Disintegrins have been found to inhibit platelet 
aggregation, angiogenesis, metastasis and tumor growth 
[10,11]. As such, disintegrins can be explored as thera- 
peutic agents against a number of pathologies including 
Alzheimer’s disease, inflammation, autoimmune diseases, 
virus infection, asthma, osteoporosis, thrombosis and 
cancer [12-14]. All disintegrins contain an R/KGD (Arg/ 
Lys-Gly-Asp) sequence in the carboxyl-terminal half of 
the molecule that is essential to their ability to obstruct 
integrin interaction with the ECM [11,15]. 

Disintegrins from different snake species have been 
characterised: albolabrin, applagin, barbourin, batroxostatin, 
bitistatin, obtustatin [16], schistatin [17], echistatin [18], 
elegantin, eristicophin, flavoridin [19], halysin, kistrin, 
tergeminin, salmosin [20] and triflavin.  

Snake venom RGD-disintegrins have been the target 
for investigation of αvβ3 integrin as a potential target for 
the suppression of cancer. These disintegrins are useful 
tools to decipher the mechanisms that occur during αvβ3- 
dependent angiogenesis. Monomeric RGD-disintegrins, 
accutin [21], triflavin [22], salmosin [23], rhodostomin 
[24], and the homodimeric RGD-disintegrin, contortro- 
statin [25], inhibit angiogenesis by binding to endothelial 
cells via αvβ3. It has been suggested that the binding of 
disintegrins to endothelial cells inhibits their motility and 
proliferation, possibly by induction of apoptosis in endo- 
thelial cells. Snake venom RGD-disintegrins showed di- 
rect interaction in several tumor cell lines. The blocking 
of αvβ3 integrin in tumor cells inhibited their adhesion to 

the extracellular matrix and significantly reduced their 
motility, subsequently inhibiting metastasis. This effect 
was noted for monomeric medium-sized disintegrins, such 
as salmosin [23] and triflavin [22] and the homodimeric 
disintegrin, contortrostatin [26]. These drugs may be con-
sidered as alternatives to the humanized monoclonal an-
tibodies used in cancer therapy. 

Armenian viper [Montivipera raddei (Boettger, 1890)] 
belongs to the family Viperidae and is widely distributed 
in Armenia, at an altitude of 1500 - 1600 m above the sea 
level (Arai-ler mountain). The venom of M. raddei was 
separated by reverse phase HPLC, and individual frac- 
tions were analyzed for disintegrin activity.  

2. Materials and Methods 

2.1. Materials 

Venom of Armenian viper [Montivipera raddei (Boettger, 
1890)] was received from the Institute of Zoology of 
Armenian National Academy of Sciencies. Purification 
was done by multi-step high-performance liquid chro- 
matography (HPLC) according to an established protocol 
[7].  

2.2. Methods 

MDA-MB-435 cell line. Human metastatic mammary can- 
cer cell line MDA-MB-435 was provided by Dr. Janet E. 
Price (Monroe Dunaway Anderson Cancer Center; Hous- 
ton, Texas). Dulbecco’s Modified Eagle Medium (DMEM) 
with 10% fetal bovine serum was employed for culture of 
MDA-MB-435 cells. Cells were incubated at 37˚C with 
5% CO2. 

Isolation of proteins. We performed chromatographic 
division of Montivipera raddei (M. raddei) venom twice. 
In the first experiment we put the solution containing 50 
mg of the venom through the column. The liquid eluted 
at 1 ml/min. The emergence of the first peak indicated 
that the venom has completely entered the column. 
Starting from the 30th minute, we picked 1 ml of eluate 
each time and accordingly marked the samples from 30 
to 80. 

Upon performance of SDS PAGE electrophoresis we 
determined that samples 42, 46, 50 and 53 most probably 
contained low-molecular weight fractions (up to 15 kDa). 

In the subsequent experiment 200 mg of the same ve- 
nom was added to the solution for chromatography 
through HPLC. Chromatograms received in this experi- 
ment are shown in Figure 1. Since this chromatogram 
was identical with the first one we included only that one 
in the article. For the second experiment we selected elu- 
ates in a larger quantity (5 - 10 ml/min), so the number- 
ing is already presented as samples 18 - 26. We selected 
samples 18 and 19 as the most probable ones to contain 
disintegrin fractions. For RP HPLC separations, M. rad- 

Copyright © 2011 SciRes.                                                                                  JCT 



Antitumor Activity of Disintegrin-Like Components from the Venom of Montivipera raddei 754 

dei crude venom was dissolved in 750 μL of distill water. 
Proteins in the soluble material were separated using an 
ETTANTMLC HPLC system (Amersham Biosciences, 
Sweden) and a Lichrospher RP100 C18 column (250 × 4 
mm, 5 mm particle size) eluted with a linear gradient of 
0.1% triftoracetat in water (solution A) and acetonitril 
(solution B) using the following chromatographic condi- 
tions: isocratically (5% solution B) for 20 min, followed 
by 5% - 55% solution B for 68 min, and 55% - 70% so- 
lution B for 20 min. Protein detection was at 215 nm and 
peaks were collected manually and dried in a SpeedVac 
(Amersham Biosciences, Savant). The purity of the RP 
isolated proteins was initially checked by SDS-PAGE.  

SDS-PAGE electrophoresis. Samples were mixed with 
SDS-loading buffer (15 μL/15 μL). Electrophoresis was 
carried out in 12.5% polyacrylamide gel at pH 6.4 in 
Phast System (Pharmacia, Uppsala, Sweden) according to 
manufacturer’s instructions. Following electrophoresis, 
the gel was stained with Coomassie Brilliant Blue R 250.  

Western Blot. The proteins of the samples were 
separated using SDS-PAGE electrophoresis. Then proteins 
were transferred onto the membrane of polyvinylidene 
difluoride (PVDF) by electroblotting. Membrane was 
washed and placed into the blocking solution (0.5 g BSA 
in 50 ml TTBS) for one hour, washed again (with TTBS, 
three times by 15 min), and placed in the primary an- 
tibody solution (10 μl antibodies in 100 ml TTBS), and 
incubated overnight. After rinsing the membrane to remove 
unbound primary antibody, the membrane was exposed 
to secondary antibody (Goat anti-rabbit IgG-HRP, 5 μl 
antibodies in 50 ml TTBS), and placed on the sensitive 
sheet of photographic film, and exposed to the light to 
receive an image of the antibodies bound to the blot.  

Adhesion Assay. 10 μL of vitronectin stock solution 
(0.5 μg/μL) was diluted in 6 ml PBS. Wells of 24-well 
flat bottom plates (Immulon II; Dynex Technologies Inc., 
Chantilly, VA, USA) were coated with vitronectin (150 
μL/well) overnight at 37˚C. For the adhesion assay, 
MDA-MB-435 cells (5 × 104 cells per well) were seeded 
in the coated microtiter plate wells, and allowed to ad- 
here to vitronectin overnight at 37˚C. For the inhibition 
assay, MDA-MB-435 cells were treated with samples 42, 
46, 50, and 53 of the M. raddei venom (5 μg/300 μL per 
well) collected during HPLC and allowed to adhere to 
vitronectin overnight at 37˚C. For the assay, the wells 
were washed with PBS to remove unbound cells and cell 
debris.  

Scheme of making pictures of the Invasion Assay 

 

After incubation cells in each well were separately 
washed (by 200 μL PBS), trypsinised (100 μL), centrifuged 
(1000 g for 10 min), and resuspended by 200 μL of 
Media. Cell densities were determined with a Coulter 
counter. Assays at each sample were performed twice in 
triplicate. 

Wound Assay. Tissue wounds undergo a complex and 
ordered series of events to repair tissue. These events 
may include infiltration of inflammatory immune cells as 
part of the process to remove and destroy necrotic tissue, 
increased vascularization by angiogenic factors, and in- 
creased cell proliferation and extracellular matrix deposi- 
tion. Wound assay is carried out in cell or tissue culture 
for many years to estimate the migration and prolifera- 
tion rates of different cells and culture conditions. This 
assay generally involves first growing a confluent cell 
monolayer. A small area is then disrupted and a group of 
cell destroyed or displaced by scratching a line through 
the layer. The open gap is then inspected microscopically 
over time as the cells move in and fill the damaged area.  

Scheme of the Migration Assay 

 

Twelve-well flat bottom plates were coated with ma- 
trigel (250 μL), and incubated overnight at 37˚C. MDA- 
MB-435 cells (10 × 104 cells in 500 μL of media per well) 
were seeded on coated wells, and allowed to adhere to 
matrigel overnight at 37˚C. A line with a marker with 
bottom of the dishes was drawn. 

Using a sterile 200 μL pipette tip three separate wounds 
trough the cells moving perpendicular to the line drawn 
in the step above were scratched. Base media with dif-
ferent samples of the venom of M. raddei collected dur-
ing HPLC analysis was prepared. Cells were washed by 
PBS (300 μL) replaced with 500 μL media containing 
0.25 μg/μl samples’ (each in duplicate) solutions. Pic- 
tures of control (after the first washing), 6 hours and 24 
hours treatment using phase contrast and 10× were taken 
just above and just below each line. After each meas- 
urement the old media was replaced with the fresh-pre- 
pared media with the same samples. 

MDA-MB-435 cell invasion assay. Modified Boyden 
chambers were employed for this assay [27]. 12-well 
Transwell chambers (Corning Costar, Cambridge, MA) 
with 8.0 μm pores were coated with 25 μl of 1:50 diluted 
Matrigel in serum free medium, and allowed to air dry in 
a sterile hood overnight and rehydrated with serum free 
medium for 2 h at room temperature prior to use. Media 
was removed from the inserts. 300 μL of the conditioned 
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medium collected from fibrosarcoma cell (HT1080) cul- 
ture was added to the lower chambers as chemoattractant. 
MDA-MB-435 cells were mixed with different samples 
of purified disintegrin-like components of the M. raddei 
venom in serum free medium. 300 μL of the cells (1.5 × 
105) suspension was then applied to the upper chambers 
of the Transwell, and cells were allowed to invade across 
the Matrigel-coated membrane for 8 h. After noninvaded 
cells were removed with wet cotton swabs, invaded cells 
attached to the bottom of the membrane were fixed and 
stained with the Crystal Violet for 10 min and washed by 
PBS four times. Pictures of Transwell membranes with 
invaded cells from control (without treatment) and ex- 
perimental chambers were done immediately after wash- 
ing. Treatments were performed in duplicate, and the 
assay was repeated to verify results. 

3. Results and Discussion 

Before each experiment we determined the protein con- 
centration through BCA-analysis and used several different 
concentrations that we were interested in for our experiment. 
Separate fractions received during the HPLC analysis (Fig- 
ure 1) was initially analyzed by SDS-PAGE. SDS-PAGE 
electrophoresis revealed that the selected fractions contained 
two bands at 10 kDa, and 15 kDa corresponding to disin- 
tegrins molecular weights, and few bands at 25 - 30 kDa, 
plus several minor bands (Figures 2 and 3). 

Samples 18 and 19 were tested with Western blot ana- 
lysis. As primary and secondary antigenes we used poly-
clonal antibodies to the disintegrins from the blood of 
animals with cancer. Data received showed that frac- 
tions 18 and 19 form two binding sites with antibodies 
(Figure 4). This proved the presence of disintegrins in 
the researched fractions, which testify the immunoreac- 
tivity of disintegrins from the venom of M. raddei. 
 

 

Figure 1. Chromatograms of the RP HPLC of the Montivipera 
raddei crude venom. Chromatographical conditions: isocrati- 
cally (5% B) 20 min, 5% - 55% B - 68 min, 55% - 70% B - 
20 min. 

 

Figure 2. SDS-PAGE of the samples 36 (2), 39 (3), 42 (4), 46 
(5), 50 (6), 53 (7) of the M. raddei venom. 

 
 

1 2 3 4 5 6 7 8 9 10  

Figure 3. SDS-PAGE of the samples 18 (1), 19 (2), 20 (3), 21 
(4), 22 (5), 23 (6), 24 (7), 25 (8), 26 (9) of the M. raddei 
venom. 

 

18

19

 

Figure 4. Western blot analysis of samples 18 and 19 of the 
M. raddei venom. On the right—protein ladder. 
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46, and also fractions 18 and 19 in different concentra- 
tions. 

Previously it was shown that human breast carcinoma 
(MDA-MB-435) cells adhered to various extracellular 
matrix proteins, including fibronectin, vitronectin, type I 
collagen, and laminin [26]. It was of interest to test 
whether adhision of these tumor cells to vitronectin may 
be inhibited by desintegrin-like fractions from the venom 
of V. raddei. The most inhibition of MDA-MB 435 cells 
adhision to vitronectin was revealed after pretreatment by 
the fraction 53 (98.65%), and 50 (89.11%) which mo- 
lecular weights are less than 15 kDa (see Table 1). 

 
Table 1. Inhibition of the adhesion of MDA-MB 435 cells to 
vitronectin by proteins isolated from the venom of M. rad-
dei. 

Number of peak 
Concentration 

(mg/ml) 

Quantity of cells 
after incubation 
(mean, × 104) 

Inhibition
(%) 

42 0.585 23.42 52.92 

46 1.108 10.01 79.88 

50 1.122 5.42 89.11 
V. raddei

53 0.840 0.67 98.65 

Contortrostatin 1.5 1.58 96.82 

Without treatment - 49.75 - 

It was shown that the migration of cells was inhibited 
by all fractions (including disintegrin contortrostatin 
from the venom of Agkistrodon contortrix contortrix, as 
a positive control) with known molecular weight 13,5 
kDa) after 6 hours of pretreatment relatively to the cells 
without treatment (Figures 5-6). And after 24 hours the 
most pronounced inhibition was revealed for the fraction 
 

Number of peak Control After 6 hours After 24 hours 

42 

   

46 

   

50 

   

53 

   

Contortrostatin 

   

Without treatment 

 

 

 

 

 

 

Figure 5. Inhibition of migration of MDA-MB 435 breast cancers cells through the matrigel by proteins isolated from the 
venom of M. raddei. 



Antitumor Activity of Disintegrin-Like Components from the Venom of Montivipera raddei 757 

 Control After 6 hours After 24 hours 

18 (74 nmol) 

   

18 (370 nmol) 

   

19 (74 nmol) 

   

19 (370 nmol) 

   

Figure 6. Inhibition of migration of MDA-MB 435 breast cancers cells through the matrigel by proteins isolated from the 
venom of M. raddei. 
 

In order to test whether disintegrin-like fractions from 
the venom of M. raddei can inhibit invasion for MDA- 
MB 435 cells across Matrigel™-coated Transwells, the 
cells were treated by different samples and incubated for 
8 hours (37˚C). The pictures made after 8-hour incuba- 
tion showed that the maximal inhibition was exhibited 
after the treatment by the samples 46 and 50 in compare- 
son with cells without treatment and cells treated by con-
tortrostatin (Figure 7).  

Disintegrins are potent inhibitors of integrin-ligand in- 
teractions. The integrin inhibitory profile of disintegrins 
primarily depends on the sequence of a tripeptide RGD 
located at the apex of a mobile loop and constrained in its 
active conformation by the appropriate pairing of disul- 
fide bonds.  

At diagnosis, over 60% of breast cancer patients have 
metastatic disease. Dissemination of the cancer cells from 
the primary tumor to remote tissues or organs, and pro-
gressive growth of the metastatic cells at the distant site, 
is the most common cause of death in breast cancer pa-
tients. 

Therefore, control of metastasis offers an important 
avenue for breast cancer treatment. Local invasion and 
penetration of the cancer cells into the lumen of a blood 
vessel (intravasation) will allow tumor cells to dissemi- 
nate.  

Without treatment Contortrostatin 

  

V. raddei (43) V. raddei (46) 

  

V. raddei (46) V. raddei (50) 

  

Figure 7. Invasion of MDA-MB 435 cells pretreated with 
fractions 43, 46, and 50 from the venom of M. raddei across 
Matrigel™-coated Transwells. 
 

Other important events are the formation of tumor cell 
microthrombi, adherence, penetration through the endo- 
thelium and the adjacent basement membrane (extravasa- 
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tion), and ability to grow in a foreign environment and to 
stimulate angiogenesis. These processes must be success- 
fully accomplished by the cancer cells to develop into 
metastatic tumors.  

In view of the complexity of this process, a combina- 
tion of factors may be required to effectively arrest me- 
tastasis. The importance of integrins in tumor metastasis 
is now becoming apparent [28]. Integrins mediate cell ad- 
hesion, migration, matrix degradation, proliferation, gene 
regulation, and angiogenesis.  

Disintegrin-like component isolated from the venom of 
M. raddei has an effect on multiple steps crucial to tumor 
metastasis. Currently we are working on isolating the 
disintegrins from the venom of M. raddei in its pure form 
which will hopefully be given a corresponding name (like 
lebestatin from Vipera lebetina venom, contortrostatin 
from Agkistrodon contortrix contortrix venom, echistatin 
from Echis carinatus venom, etc).  

Our data indicate that disintegrin-like component (sam- 
ple 53) from the venom of M. raddei, with molecular 
weight less than 15 kDa has inhibitory effect on adhe- 
sion of MDA-MB-435 cells to vitronectin. We have also 
shown that this disintegrin-like component affects MDA- 
MB-435 cell invasive capacity, as evidenced by its abil- 
ity to reduce invasion (samples 46 and 50) through a Ma- 
trigel membrane.  

We conclude that disintegrin-like components from the 
venom of M. raddei, by blocking integrins on breast can-
cer cells, not only interferes with adhesion of breast can-
cer cells to the extracellular matrix, but also inhibits cel-
lular mobility which is essential for cancer invasion. 
These effects seriously curtail the metastatic capability of 
the MDA-MB-435 cells. 

Our findings represent the first report of the antitumor 
activity of the disintegrin-like components from the ve- 
nom of M. raddei. Further research on the molecular struc- 
ture and mechanism of action of disintegrin-like compo-
nents from the venom of M. raddei, in our opinion, should 
establish a useful therapeutic approach to impede breast 
cancer progression. 
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