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ABSTRACT 

Integrins mediate cell adhesion to the extracellular matrix (ECM). In particular, integrin alphavbeta3 recognizes the 
RGD motif as a ligand-binding site on various extracellular molecules of the extracellular matrix. Integrin aphavbeta3 
has been associated with high malignant potential in breast cancer cells, and has signalized the onset of widespread me- 
tastasis. In recent years, several antagonists of integrin alphavbeta3, including snake venom disintegrins, have been used 
as potential anti-cancer agents. In the present work, the effect of contortrostatin, a disintegrin isolated from the venom 
of the snake Agkistrodon contortrix, was studied on primary cultures of human breast cancer cell. Scanning and trans- 
mission electron microscopy were employed in order to examine alterations in cell morphology and fluorescent mi- 
croscopy and visualize changes in distribution of integrin alphavbeta3 and talin. Fluorescent localization of caspase 8 
was made in order to visualize any sign of proapoptotosis and western immunoblotting of integrin, talin and annexin 
was undertaken in order to identify changes. The results suggest that the snake venom contortrostatin seriously affects 
cell morphology, adhesion and mobility and induces breast cancer cells to apoptosis. 
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1. Introduction 

Breast cancer affects one in ten women in developed 
nations. The prognosis is favorable for women with 
clinically confined tumors at the time of diagnosis, but 
mortality rates are greater than 80% in cases in which the 
tumor has metastasized to distant sites [1]. Many of the 
carcinogenesis progression steps involve integrins. In- 
tegrins are dimeric adhesion receptors that mediate cel- 
lular attachment to the extracellular matrix (ECM) or to 
adjacent cells. All integrins are α/β heterodimers and 
various pairings of α and β subunits confer to specificity 
toward distinct ECM proteins. Different α subunits may 
combine with the same β subunit, and conversely, differ- 
ent β chains are capable of pairing with a particular α 
subunit [2,3]. Their heterodimeric composition generally 
confers to ligand specificity, according to which they are 
classified in four classes, which are those that recognize 
collagen, laminin, the tripeptide sequence Arg-Gly-Asp  

(RGD), and several specific leukocyte associated ligands 
[4]. The interaction of the ECM with integrins on the cell 
surface leads to integrin association with cytoskeletal 
elements, resulting in the formation of specialized adhe- 
sive junctions, such as focal adhesions [5]. Formation of 
focal adhesions triggers a series of intracellular signaling 
essential for cell adhesion, spreading, migration, prolif- 
eration, survival and differentiation [6,7]. Several ob- 
servations indicate that the changes in the integrin acti- 
vation state and the alteration in the level of expression 
of integrins or their ECM ligands contribute to neoplas- 
tic progression [8,9]. For example, the level of expres- 
sion of integrin alphavbeta3 (αvβ3)—a vitronectin recep- 
tor—that binds to extracellular matrix molecules, via an 
RGD-binding site [10], in melanoma and other cancers is 
proportional to the invasiveness of the tumors [11]. In 
breast cancer cells, high expression of activated al- 
phavbeta3—but not that of non-activated alphavbeta3—is  

Copyright © 2013 SciRes.                                                                                ABCR 



I. MARINOU  ET  AL. 162 

associated with a highly aggressive metastatic phenotype, 
and signalizes the onset of widespread metastasis [12]. 
Since the RGD sequence is an important cell attachment 
recognition site for several classes of integrins in many 
ECM proteins, agents that disrupt interactions of these 
integrins should have significant anti-tumor activity. 
Among these are small molecule compounds [13], pep- 
tidomimetics [14], disintegrins [15] and monoclonal an- 
tibodies [16]. 

Disintegrins are a family of polypeptides found in the 
venom of viper snakes. Contortrostatin (CN) is a 13.5 
kDa dimeric disintegrin isolated from the venom of the 
Southern Copperhead snake, Agkistrodon contortrix 
contortrix. Each of the monomeric chains contains 65 
amino acids and possesses an Arg-Gly-Asp (RGD) motif 
at the tip of a flexible loop stabilized by disulfide bonds 
[17,18]. Interaction of CN with tumor cells is primarily 
modulated by the RGD motif [19]. Investigations have 
shown that consequently, disintegrins and CN are potent 
functional blockers of multiple integrins including αvβ3 
[19] and that CN blocks breast cancer cell adhesion and 
migration [20,21]. In addition, it inhibits tumor-induced 
angiogenesis by blocking important angiogenic pathways 
in endothelial cells mediated by integrins α5β1, αvβ3 and 
αvβ5 [22,23]. These diverse mechanisms of action pro- 
vide CN with a distinct advantage over many other anti- 
tumor and anti-angiogenic agents, which only block a 
single angiogenic pathway and do not directly affect the 
growth of tumor cells [24]. 

Past studies have shown CN to be an effective agent in 
limiting tumor growth and spread. The present report 
extends and enhances these studies by describing for the 
first time the effects of CN on cell motility and adhesion 
in a model system consisting of primary cultures of breast 
cancer cell established from breast cancer tissue frag- 
ments. As an effective broad-spectrum anti-invasive drug, 
CN may hold an advantage over other anti-tumor thera- 
peutic modalities in that it may be better suited to address 
breast cancer cell survival. 

2. Materials and Methods 

2.1. Clinical Material  

The material of this study was obtained from Evgenidion 
University Hospital and consisted of 85 cases of infil- 
trating ductal breast carcinomas, surgically removed 
from female patients. Informed consent was obtained for 
all medical procedures performed during the course of 
the patient’s illness. All investigational biopsies were 
approved by the Athens Medical School Ethics Commit- 
tee No. 5758/12-3-03). Cell culturing and further proc- 
essing of the tissue were carried out at the Laboratory of 
Histology and Embryology, Athens Medical School. 

2.2. Primary Cell Cultures 

Sterilized plastic Petri dishes 35 mm in diameter and 
round glass cover slips ( 13 mm) were pre-coated with 
human plasma vitronectin (G538A, Promega) (0.2 
μg/cm2) in DPBS (14040, Gibco) overnight at room tem- 
perature. The coating solution was then replaced with 2 
mg/ml BSA (11930, Serva) in DPBS for 2 h at 37˚C to 
block non-specific binding sites. From each biopsy, sev- 
eral small (2 - 3 mm3 ) tissue fragments were placed ei- 
ther on the coverslips in a Petri dish or directly on the 
Petri dishes. The cells were grown in RPMI 1640 sup- 
plemented with 10% Fetal Calf Serum (FCS), 1 mM 
L-glutamine, 1% penicillin and 1% streptomycin, at 37˚C, 
under 5% CO2 and were allowed to migrate out of the 
tissue fragment using the explant technique, without any 
mechanical or enzymatic tissue disaggregation. The cell 
growth was complete in about 2 - 3 weeks. 

2.3. CN Incubation 

When the cells were fully grown, they were incubated 
with venom from Agkistrodon contortrix mokason pur- 
chased from Sigma-Aldrich (V4125) at a concentration 
of 10 μg/ml. The cultures without the addition of the 
venom were used as negative control. All incubations 
were performed at 37˚C for 2 h in serum-free culture 
medium in order to avoid the effect of serum proteins. 

2.4. Scanning (SEM) and Transmission Electron  
Microscopy (TEM) 

For SEM preparation, tissue fragments and cells—at- 
tached on the glass coverslips coated with vitronectin— 
were rinsed with 0.05 M cacodylate-Na buffer solution 
and fixed in 2.5% glutaraldehyde in 0.05 M cacody- 
late-Na buffer, pH 7.4, for 30 min at room temperature 
(RT). Coverslips were then dehydrated with increasing 
concentrations of ethanol (for 3 min each in 25%, 50%, 
70%, 95% ethanol and for 5 min in 100% ethanol twice). 
The specimens were then infiltrated gradually in a mix- 
ture of amyl-acetate diluted in 100% ethanol (1:2, 1:1, 
2:1), 5 min each at RT and finally in 100% amyl-acetate 
3 times for 5 min. The specimens were then covered with 
one drop of hexamethyldisilazane and were dried over- 
night. Before the observation, they were rendered con- 
ductive by sputtering them with gold before being ob- 
served by a JEOL JSM 4500 scanning electron micro- 
scope operated at 3 kV. For TEM preparation, breast 
cancer cell monolayers were grown on vitronectin-coated 
dishes. They were then fixed in 2.5% glutaraldehyde 
made up in PBS 0.01 M, pH 7.4, for 1 h at RT. When 
required, cells were treated with contortrostatin for 2 hrs. 
Cells were collected according to Georgoulis et al. [25]. 
Semithin sections (1 μm thickness) were cut on a Leica 
Ultracut R ultramicrotome with glass knives and stained  
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with 1% toluidine blue. Ultrathin 60 to 80 nm sections 
were cut with a Diatome diamond knife, and mounted 
onto 200-mesh. The thin sections were counterstained 
with saturated ethanolic uranyl acetate and lead citrate 
and were viewed in a Zeiss EM 900 electron microscope, 
at 80 kV accelerating voltage, with an objective aperture 
of 30 μm. Digitized images were saved as high resolution 
TIFF files and printed—when required—at 1000 dpi on a 
HP Laserjet 4250 n high resolution laser printer. 

2.5. Double Immunofluorecence of Integrin  
Alphavbeta3, Annexin V, Caspase 8  
and Talin 

For immunolocalization experiments, cells were grown 
on glass coverslips coated with vitronectin and were 
treated with contortrostatin mokason as described above. 
The cells were fixed in 3% paraformaldehyde in phos- 
phate buffer saline (PBS) 0.01 M, pH 7.4, for 20 min at 
RT washed with PBS and incubated with both primary 
antibodies: a. monoclonal mouse anti-human integrin 
alphavbeta3 antibody LM609 (60 μg/ml) (MAB1976, 
Chemicon) diluted in PBS, pH 7.4, containing 5% nor- 
mal goat serum (NGS) and 3% bovine serum albumin, 
BSA (A7638, Sigma), and b. caspase 8 rabbit polyclonal 
antibody (200 μg/ml) (sc-7890, Santa Cruz Biotechnol- 
ogy) diluted 1:200 in PBS, pH 7.4, containing 5% normal 
goat serum (NGS) (X0907, Dako) and 3% bovine serum 
albumin, BSA (A7638, Sigma). Incubations were per- 
formed overnight at 4˚C. In order to detect whether the 
cells had been induced to enter apoptosis they were fur- 
ther double incubated with two antibodies: a. monoclonal 
mouse anti-human annexin V antibody (VAA-33): 
sc-65391, (Santa Cruz Biotechnology) diluted 1:400 and 
b. caspase 8 rabbit polyclonal antibody (200 μg/ml) 
(sc-7890, Santa Cruz Biotechnology) diluted 1:200 in 
PBS, pH 7.4, containing 5% normal goat serum (NGS) 
(X0907, Dako) and 3% bovine serum albumin, BSA 
(A7638, Sigma). A third double incubation was per- 
formed with: a. monoclonal mouse anti-human talin an- 
tibody (sc-5988, Santa Cruz Biotechnology), diluted 
1:300 and b. caspase 8 rabbit polyclonal antibody (200 
μg/ml) (sc-7890, Santa Cruz Biotechnology) diluted 
1:200 in PBS, pH 7.4, containing 5% normal goat serum 
(NGS) (X0907, Dako) and 3% bovine serum albumin, 
BSA (A7638, Sigma). All incubations were performed 
overnight at 4˚C. The cells for all cases were subse- 
quently incubated with the secondary goat anti-mouse 
IgG Alexa 488-conjugated antibody (1:100) (A11001, 
Invitrogen) diluted in PBS, pH 7.4, containing 1% bovine 
serum albumin (BSA) (A7638, Sigma), and the goat 
anti-rabbit 555 Biotium (3 μg/ml) diluted in 2% Triton X 
and 3% bovine serum albumin (BSA) (A7638, Sigma) in 
PBS 0.001 M for 1 h at RT. 

2.6. Western Immunoblotting of Beta3 Integrin  
Subunit, Annexin V and Talin 

2 h after treatment with 10 μg CN mokason, breast can- 
cer cells were harvested, washed twice with PBS, solubi- 
lized in sample buffer (125 mM Tris-Hcl pH 6.8, 5% 
beta-mercaptoethanol, 6% SDS, 10% glycerol, 1 mM 
PMSF and bromophenol blue) for 2 min at 100˚C and 
sonicated for 2 × 15 sec each. After centrifugation at 
12000 g for 20 min at 25˚C, the supernatant was col- 
lected as total protein extract and stored at −30˚C. Pro- 
tein concentrations were measured using the Brad- 
ford-type protein assay (Bio-Rad, USA). Equal amounts 
of protein (40 μg) were separated by SDS-polyacryla- 
mide gel electrophoresis and electrotransferred to nitro- 
cellulose membrane (BA85 Protran, Whatman, UK). 
Each membrane was blocked with 5% non-fat dry milk 
(or 5% BSA where required) in TBS-T [20 mM Tris-HCl 
(pH 7.6), 137 mM NaCl and 0.2% Tween-20] for 2 h at 
room temperature and subsequently incubated with rabbit 
anti-human integrin beta3 primary antibody (1:1000) 
(AB1932, Chemicon), with mouse anti-human Annexin 
V(VAA-33) primary antibody (1:1000) (sc-65391,Santa 
Cruz Biotechnology), and a mouse anti-chicken Talin 
primary antibody (1:1000) (sc-59881, Santa Cruz Bio- 
technology) for 16 h at 4˚C. Immunoreactivity was de- 
tected by sequential incubation with HRP-conjugated 
secondary antibody (1:2000) [anti-rabbit (#A4914, 
Sigma-Aldrich) or anti-mouse (#M6898, Sigma-Aldrich)] 
and ECL reagents (Amersham, GE Healthcare, UK). 
Data were obtained from three different experiments, one 
of which is illustrated in the present study. The antibod- 
ies recognizing Pan-Actin (#4968) were obtained from 
Cell Signalling Technology Inc. (Hertfordshire, UK). 

3. Results 

3.1. Scanning and Transmission Electron  
Microscopy 

Under the SEM, the morphology of breast cancer cells 
was studied in primary cultures after treatment with con- 
tortrostatin mokason venom. Untreated cultures were 
used as controls, where cancer cells spread out from the 
tissue biopsy presenting a normal flattened appearance 
with polygonal astrocytic shape and well-developed 
membrane projections (Figure 1). On the contrary, the 
venom treatment resulted in a generally altered morpho- 
logical appearance of the cancer cells: Most of the cells 
became shrunk with irregular cytoplasmic protrusions 
and the general appearance of the monolayer was dis- 
torded (Figure 2). A few cells detached from the sub- 
strate. In higher magnification, it was clear that affected 
cancer cells became rounded with the central part of their 
cell body tending to become partially detached from the 
substrate, whereas their filopodia and lamellipodia still  
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Figure 1. Scanning electron micrograph illustrating breast 
cancer cells spreading out of a biopsy tissue sample (arrow) 
in primary culture. The cells possess a typical epithelial 
phenotype with flat polygonal shape (arrowheads). 
 

 

Figure 2. Scanning electron micrograph illustrating breast 
cancer cells incubated with the snake venom contortrostatin. 
Cells become rounded and shrinked (arrows) and most of 
them tend to detach from the substrate (arrowheads). 
 
remained firmly attached to the substrate (Figure 3). 
Very few cells became almost rounded assembling into 
aggregates, while a quite low proportion of cells were 
resistant to the venom effect and exhibited not apparent 
morphological alterations. 

Under the transmission electron microscope, control 
(untreated) cells had a regular cytoplasm and exhibited a 
dense network of actin microfilaments near the cell at- 
tachment sites, as well as noumerous actin bundles (Fig- 
ure 4). In contrast, major characteristics of the venom- 
treated cancer cells were the absence of actin bundles 
near cell attachment sites, the distorted appearance of 
mitochondria that showed irregular cristae and their low 
density matrix, as well the extensive cytoplasmic vacuo- 
lation (Figure 5). 

 

Figure 3. Scanning electron micrograph illustrating a 
breast cancer cell from a culture incubated with the snake 
venom contortrostatin. The cell body tends to become 
rounded and irregular cytoplasmic extensions are formed 
(arrows). Cell detachment from the substrate is evident at 
places (arrowheads). 
 

 

Figure 4. Transmission electron micrograph of a breast 
cancer cell in vitro under normal culturing condtitions. The 
cell is well attached onto the substrate with plenty of actin 
microfilaments forming bundles (arrows). 

3.2. Double Immunofluorecence of Alphavbeta3,  
Annexin V, Caspase 8 and Talin  

The distribution of integrin alphavbeta3, annexin V, cas- 
pase 8 and talin in breast cancer cells biopsies was ana- 
lyzed by double immunofluorescent microscopy (Fig- 
ures 6(a)-(l)). Control (untreated) cells are negative for 
both caspase 8 (Figures 6(a), (e) and (i)) and annexin V 
(Figure 6(c)). In contrast, cancer cells incubated with the  
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Figure 5. Transmission electron micrograph of a breast 
cancer cell in vitro incubated with the snake venom 
contortrostatin. Actin microfilaments forming bundles are 
not visible near dorsal cell membrane. Signs of early 
apoptosis are observed, such as cytoplasmic vacuolation (*) 
and irregular mitochondrial structure in the form of 
distorted cristae (double arrows) and low density matrix. 

 
venom indicate intense cytoplasmic staining for annexin 
V (Figure 6(d)) and caspase 8 (Figure 6(b), (f) and (j)). 
Breast cancer cells were also double immunostained for 
caspase 8/αvβ3. The integrin αvβ3 in control cancer cells 
are observed as punctuate characteristic bright aggrega- 
tions evenly distributed all over the cell surface (Figure 
6(g)). After venom treatment the pattern of integrin ap- 
peared altered. The integrin is accumulated at the periph- 
ery of the cancer cells, forming thin fingerlike integrin 
clusters (Figure 6(h)). Finally, double immunostaining 
for caspase 8/talin (Figures 6(i)-(l)) indicates that talin at 
untreated cancer cells shows a very faint and diffuse pat- 
tern of fluorescence localization (Figure 6(k)). After 
treatment of cancer cells with the venom, talin exhibits a 
characteristic pattern of distribution and localizes at the 
periphery of cells forming clusters distributed irregularly 
(Figure 6(l)). Caspase 8 has the same localization pattern, 
in both control and venom-treated cells (Figure 6(a), (b), 
(e), (f), (i) and (j)). 

3.3. Western Ιmmunoblotting for Ιntegrin Βeta3  
Subunit, Annexin V and Talin 

To determine whether the contortrostatin mokason 
caused—apart from redistribution—changes in integrin 
alphavbeta3 expression, Western immunoblot analysis of 
integrin beta3 subunit was applied in order to quantita- 
tively assess the expression of integrin alphavbeta3 in 
breast cancer cells treated with the venom. In addition to  

this, the expression of annexin V in breast cancer cells 
was also examined, in order to verify the entry of cancer 
cells to apoptosis after their exposure to mokason. Fur- 
thermore talin, which is responsible for mediating the 
interaction between actin cytoskeleton and integrins, was 
also assessed, since it is known that shows significantly 
increased expression in cancer cells and this overexpres- 
sion correlates with progression to metastatic disease. In 
parallel, the level of actin expression was examined in 
the same samples, as an internal control, in order to ver- 
ify equal loading of the gel. Equal amounts of total pro- 
tein were subjected to immunoblot analysis with 
anti-beta3, anti-annexin V, anti-talin and anti-actin anti- 
bodies. As shown in Figure 7, the levels of beta3 subunit 
in breast cancer cells treated with the venom demon- 
strated a similar expression pattern compared to levels in 
untreated cells (Figure 7(c)). Annexin V is detected only 
in breast cancer cells treated with mokason and not in 
untreated cells, which indicates that cancer cells enter 
pre-apoptosis after the mokason treatment (Figure 7(b)). 
Talin, shows overexpression in treated with mokason 
breast cancer cells compared to untreated cells (Figure 
7(d)). 

4. Discussion 

In the present work, the effects of disintegrin contortro- 
statin isolated from A. contortrix mokason venom were 
studied on well-spread human breast cancer cells from 
primary cultures, using the explant technique. More spe- 
cifically, an effort was made to study the anti-tumori- 
genic effects of this disintegrin on the adhesion and mo- 
tility of these cells through the expression of integrin 
alphavbeta3 and the subsequent entry to apoptotic path- 
ways, therefore affecting the metastatic potential of the 
cancer cells. The results showed that incubation of pri- 
mary cultures of breast cancer cell monolayers with con- 
tortrostatin causes a major morphological perturbation of 
the cell cytoskeleton as well as induction to apoptosis. 

Disintegrins have been used in a number of cases in 
order to clarify their role in a variety of normal and 
pathological tissues. Snake venoms and hemostatic sys- 
tem have been under consideration in relation to the role 
of disintegrins in platelet aggregation [26]. The anti-in- 
vasive activity of contortrostatin has been studied using 
human glioblastoma cell lines [27] as well as its anti-tu- 
mor activity in Ehrich ascites carcinoma [28]. 

The critical involvement of integrins in both angio- 
genesis [29,30] and tumor invasion [31] provides the 
rationale for developing therapeutic antagonists aimed at 
disrupting these molecularly intertwined and derailed 
processes [32]. Most efforts of the past were focused on 
anti-integrin agents targeting the RGD-binding alphav 
members, and a subclass of integrins was thought to play 
pivotal roles in the regulation of pathological angiogenesis,   
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Figure 6. Control and venom-incubated breast cancer cells with double immunofluorescent staining. (a)-(d): caspase 
8/annexin V double immunostaining: (a) caspase 8 activity is negative in controls, (b) caspase 8 activity is prominent in 
venom-treated cells and is diffuse throughout cell body, (c) annexin V activity is negative in controls, (d) annexin V activity is 
prominent and localized throughout cell body; (e)-(h): caspase 8/αvβ3 double immunostaining: (e) caspase 8 activity in con- 
trols is negative, (f) caspase 8 activity in venom-treated cells is diffuse throughout cell body and around nucleus, (g) integrin 
αvβ3 localization in control cells, (h) integrin αvβ3 localization is perturbated in venom-treated cells, exhibiting irregular clus-
tering along cell membrane; (i)-(l): caspase 8/talin double immunostaining: (i) caspase 8 is negative in controls, (j) caspase 8 
produces a diffuse pattern of localization in venom-treated cells, (k) talin in controls shows a very faint and diffuse pattern of 
fluorescence localization, (l) talin staining is prominent in venom-treated cells, giving a diffuse staining pattern in cell body 
and dotted distribution along cell periphery. 

 
which prompted the development of a number of small 
RGD-mimetics and monoclonal antibodies [33,34]. The 
therapeutic modulation of multiple integrin pathways via 
soluble disintegrins was previously shown by several 
workers to elicit potent anti-angiogenic and anti-metas- 
tatic effects in several animal cancer models [35]. Al- 
though the clinical relevance of the preclinical studies so 
far is not clear [36], the available data support the idea 
that there is an imperative need not only to design novel 

anti-angiogenic drugs with better anti-invasive properties, 
but also to test the impact of standard of care anti-an- 
giogenics on metastasis and/or postoperative survival 
when they are administered in combination with 
anti-invasive modalities. In this context, primary breast 
cancer cell cultures have been proved to be quite reliable 
in cell attachment and mobility studies which directly 
relate to the metastatic potential of the tumor cells. Pri- 
mary cultures retain their original cell phenotype and  
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Figure 7. Western immunoblot analysis of (a) actin, (b) an-
nexin V, (c) integrin subunit b3 and (d) talin from primary 
cultures of breast cancer cells incubated with contortro-
statin. In each pair, lanes on the right correspond to un-
treated (control) cells, lanes on the left correspond to 
venom-treated cells. 
 
offer flexibility as compared to the animal models. To 
the best of our knowledge, it is the first time that a pri- 
mary culture model system is used in order to examine 
the anti-tumorigenic and anti-invasive properties of con- 
tortrostatin in breast cancer. Studies employing cell lines 
have shown that contortrostatin can be effectively used in 
vitro in a number of cases [37], but there is no informa- 
tion about the effect of this drug in a primary culture of 
breast cancer cell where tumor cells retain their original 
phenotype. The results in our study are in agreement with 
data provided by other workers [27,35] and they extend 
our previous observations [25,38] on the use of RGD 
peptides in primary breast cancer cultures. 

Drug assays, in general, may be qualitative or quanti- 
tative. In the context of clinical envenoming, a quantita- 
tive assay is only useful if the degree of pathological 
damage in vivo can be correlated with an amount of the 
causative substance detected in vitro. There should be a 
linear correlation between dose and effect (a clear 
physiological end point) which may be measured easily. 
This may not be possible where synergy, inhibition and 
host responses interfere with activity of venom constitu- 
ents (i.e. disintegrins) in vivo. Qualitative or functional in 
vitro assays are therefore probably the most useful, but 
they also have limitations. They may depend on the as- 
sumption that the animal or pharmacological substrates 
used in the test have human counterparts and extrapola- 
tion from in vitro results to the in vivo clinical situation 
may be perilous. The most acceptable in vitro assays, 
both scientifically and ethically are those in which hu- 
man tissue is used [39]. From this point of view, primary 
cultures from tissue biopsies appear to be the best choice 
for disintegrin testing. 

In summary, we developed a primary culture model 
system in order to study the anti-migration properties of 
contortsostatin in breast cancer. Contortrostatin had been 
proved that it not only potently altered cytoskeleton dy- 
namics, but also had a profound apoptotic effect when 
tested on breast cancer cells. The results could be used to 
further improve strategies in preclinical studies. 
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