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Abstract
Cancer is the uncontrollable growth of cell, which may spread to other parts of the body. The
interaction of cancer cells with extracellular matrix (ECM) is essential for metastasis, which is the
principal cause of death in cancer patients. Disintegrins are naturally occurring low molecular
weight peptides found in the venoms of many snakes. Disintegrins were first used to inhibit
platelet aggregation, but more recently have been used to inhibit cancer cell growth, adhesion,
migration, invasion and/or angiogenesis. The purpose of this study was to determine the anti-
tumor properties of recombinant mojastin 1 (r-mojastin 1) and r-mojastin-GST, cloned from the
venom glands of the Mohave rattlesnake (Crotalus scutulatus scutulatus). Human urinary bladder
carcinoma (T24), human fibrosarcoma (HT-1080), human skin melanoma (SK-ML-28) and
murine skin melanoma (B16F10) cell lines were used. r-Mojastin 1 inhibited SK-MEL-28 cell
adhesion to fibronectin, but was not able to inhibit T24 cell adhesion to fibronectin. However, r-
Mojastin-GST inhibited SK-MEL-28 and T24 cells adhesion to fibronectin. r-Mojastin-GST and r-
mojastin 1 decreased the ability of SK-MEL-28 cells to migrate after 24 h of incubation but were
not able to inhibit T24 cell migration. r-Mojastin 1 and r-mojastin-GST inhibited invasion of T24
and SK-MEL-28 cancer cells in vitro, and r-Mojastin 1 inhibited lung tumor colonization of
B16F10 cells in mice in vivo. In conclusion, our studies suggest that r-mojastin could be a useful
tool to develop novel anti-tumor agents by virtue of its ability to inhibit tumor cell adhesion,
migration and invasion.
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1. Introduction
Cancer cells interact with their surrounding cells and matrix proteins in order to replicate,
gain nourishment, and migrate to a new location. The interaction of cancer cells with
extracellular matrices (ECM) is essential for metastasis, which is the principle cause of
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death in cancer patients. Metastasis is the movement of tumor cells from a primary site to a
secondary site, and is believed to be dependent on a number of physiological processes.
Cancer cells need to detach from the primary tumor mass, migrate toward the lymphatic and
blood vessels, penetrate into the vascular lumen, evade the immune system, adhere to the
vascular endothelium, penetrate the vascular system, and grow in the invaded
microenvironment (Felding-Habermann, 2003; McGary et al., 2002; Versteeg et al., 2004).
Cancer cell movement is controlled by various factors produced by cancer cells and host
cells, including growth and motility factors, cytokines, cell adhesion molecules and ECM
proteins. Cell adhesion molecules play a crucial role in cell motility through cell–cell and
cell–ECM interactions (Tsuji et al., 2002). The best-characterized cell adhesion receptors are
the integrins. In many cases, integrins recognize a tripeptide binding site on the extracellular
matrix proteins (Akiyama, 1996). Short synthetic or natural peptides containing this
tripeptide binding site can inhibit tumor cell invasion in vitro and tumor dissemination in
vivo (Ruoslahti, 1994).

Disintegrins are naturally occurring low molecular weight peptides found in venom of many
venomous snakes. Snake venom disintegrins are classified as: short, medium, long,
monomeric and dimeric molecules (Kim et al., 2005). Short disintegrins have 41–51 amino
acids and 8 cysteines; medium size disintegrins are within the range of 70 amino acids and
12 cysteines; and long disintegrins are usually 84 amino acids with 14 cysteines (Olfa et al.,
2005). Disintegrins are postulated to be synthesized from a metalloproteinase/disintegrin
precursor and matures by cleavage from the precursor molecule (Okuda et al., 2002).
Disintegrins contain a conserved cysteine configuration within their primary structure and
their 3-D configuration is constructed primarily from disulfide linkages and interacts within
the crevice of integrin receptors (Fujii et al., 2003). Most disintegrins posses an “RGD”
binding motif located near the C-terminal. However, KGD, RTS, KTS, MGD, WGD and
ECD binding domains have also been identified (McLane et al., 2004; Calvete et al., 2003).
Disintegrins have not only been ascertained to inhibit platelet aggregation, but also cancer
cell growth, adhesion, migration, invasion and/or angiogenesis (Corrêa et al., 2002; Moreno-
Murciano et al., 2003; Sánchez et al., 2006, 2009; Yang et al., 2005; Yeh et al., 2001).

The cloning of disintegrins has been used to study anti-thrombotic and anti-tumor activity;
however, only few have been reported with activity (Assakura et al., 2003; Fernandez et al.,
2005; Sanz et al., 2005; Wang et al., 2004; Minea et al., 2005, 2010; Sánchez et al., in
press).

Sánchez et al., (2006) isolated and characterized two disintegrins, mojastin 1 and mojastin 2,
from the venom of Crotalus scutulatus scutulatus, that inhibited ADP-induced platelet
aggregation in whole human blood both with an IC50 of 13.8 nM. Recently, recombinant
mojastin 1 (r-mojastin 1), identical to mojastin 1, sub-cloned and expressed in Escherichia
coli, inhibited ADP-induced platelet aggregation in whole blood and platelet rich plasma
(PRP) with IC50 values of 46 and 119 nM, respectively. r-Mojastin 1 was also tested for its
ability to inhibit platelet ATP release using PRP and platelet adhesion to fibronectin
resulting with IC50s of 95.6 nM and 58.3 nM, respectively (Sánchez et al., in press).

In addition to their potent anti-platelet activity, studies of disintegrins have reported a new
use in the diagnosis of cardiovascular diseases and the design of therapeutic agents in
arterial thrombosis, osteoporosis, and angiogenesis-related tumor growth and metastasis
(Yeh et al., 2001). The purpose of this study was to determine the effect of r-mojastin 1 on
various cellular functional studies such as adhesion to extracellular matrices, migration and
invasion, using the human urinary bladder carcinoma (T24), human fibrosarcoma
(HT-1080), human skin melanoma (SK-ML-28) and murine skin melanoma (B16F10) cell
lines.
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2. Materials and methods
2.1. Preparation of native and recombinant mojastin

Native mojastin was used as a positive control to compare the activity with recombinant
mojastin. Native mojastin was isolated from crude venom of C. s. scutulatus (Mohave
rattlesnake), using a combination of three chromatographic steps consisting of reverse phase
C18 (Vydac), size exclusion (WATERS Protein PAK60), and anion exchange (WATERS
DEAE 5PW) as previously described (Sánchez et al., 2006).

Recombinant mojastin 1 was expressed in E. coli and further purified by two-step
chromatography, using the method of Sánchez et al. (in press). Briefly, the cDNA was
obtained and ligated into the pGEX-4T-1 expression vector (GE Healthcare Lifesciences)
and transformed into E. coli DH5α competent cells. Recombinant plasmids containing r-
mojastin 1 were purified and sequenced with disintegrin-specific primers. Once the
sequence was obtained, in-frame r-mojastin 1-pGEX-4T-1 plasmids were transformed into
E. coli BL21 cells. Culture were grown, inducted by 0.5 mM of isopropyl β-D
thiogalactoside (IPTG) and centrifuged in order to obtain the bacterial cells. After bacterial
cell disruption with a Branson Sonifier 450 (Danbury, CT), the cell debris was removed by
centrifugation and the crude lysate was incubated with glutathione Sepharose 4B (GS4B)
(Amersham Biosciences). r-Mojastin 1 proteins were cleaved and eluted from glutathione S-
transferase (GST) bound to GS4B by thrombin cleavage. Thrombin was removed from r-
mojastin 1 using a 1 mL HiTrap™ Benzamidine Sepharose 4 Fast Flow column (Amersham
Biosciences). In order to obtain the r-mojastin-GST proteins, the crude lysate was not passed
through the GS4B and benzamidine columns. Purity of native and recombinant mojastins (r-
mojastin 1 and r-mojastin-GST) was determined by SDS-PAGE electrophoresis, and
molecular weight was confirmed by mass spectrometric analysis (MALDI-TOF) (Sánchez et
al., in press).

2.2. Cell line and culture conditions
The human urinary bladder carcinoma cell line (T24), human fibrosarcoma (HT-1080), the
human skin melanoma (SK-Mel-28) and murine skin melanoma (B16F10) cell lines were
obtained from the American Type Culture Collection (ATCC, Manassas, VA). The T24 cells
were maintained as a monolayer culture with McCoy’s 5A minimum essential medium,
supplemented with 10% fetal calf serum (FBS) and 50 U/mL penicillin, 50 µg/mL
streptomycin. The HT-1080 and SK-Mel-28 cell lines were maintained with Eagle’s
minimum essential medium, supplemented with 10% fetal calf serum and 50 U/mL
penicillin, 50 µg/mL streptomycin. The B16F10 cells were maintained with Dulbecco’s
modified Eagle’s medium, supplemented with 10% fetal calf serum and 50 U/mL penicillin,
50 µg/mL streptomycin. The cells were maintained in a humidified 5% CO2 air incubator at
37 °C.

2.3. Cellular adhesion inhibition assay
Native disintegrins and two recombinant disintegrins (r-mojastin 1 and r-mojastin-GST)
were used to inhibit the binding of T24 and SK-MEL-28 cells on fibronectin coated plate
(Sánchez et al., 2009). Commercial echistatin at 0.1 mg/mL (SIGMA, Lot. 023K12301), a
disintegrin that blocked binding of tumor cells to fibronectin, was used as a positive control
(Sánchez et al., 2009). In the positive control, the T24 and SK-MEL-28 cells, failed to bind
to fibronectin. The negative control consisted of T24 or SK-Mel-28 cells incubated with
PBS. The negative controls allowed binding of cells to fibronectin. The percent inhibition
was calculated by the following formula: [(absorbance of negative control − absorbance of
cell/r-mojastin 1 sample) ÷ absorbance of negative control] × 100.
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2.4. Wound healing
The migration of tumor cells was measured by cells being scraped from the bottom of the
well and measuring the migration as described Galán et al., 2008. Commercial echistatin at
2.7 µM (final concentration), a disintegrin that blocked migration of T24 and SK-MEL-28
cells, was used as a positive control. The positive controls prevent tumor cells migration.
The negative control consisted of T24 or SK-Mel-28 cells incubated with PBS, which
allowed cell migration to occur. The cells were then incubated in a CO2 chamber and were
only removed from the incubator for microscopy images at time 0, 3, 6 12 and 24 h. Percent
of closure was calculated by the following equation: % Closure: [(C − E)/C] × 100, where C
is the units of distance of cell edge (mm) at zero time for the control, and E is the distance
from the cell edge (mm) at the final incubation time for the disintegrin.

2.5. Invasion assay
The T24, HT-1080 and SK-ML-28 invasion assays were performed using a modified
method of Yang et al., (2005). Transwells (8.0-µm pore size; Corning) containing
polycarbonate filters (Transwell inserts) were coated with Matrigel, a basement membrane
matrix extracted from Engelbreth-Holm-Swarm mouse sarcoma, which consists of collagen
type IV, heparan sulfate proteoglycan, entactin and laminin (Becton Dickinson). Matrigel
was diluted to 2 mg/mL using serum-free McCoy’s 5A minimum essential medium or
Eagle’s minimum essential medium at 4 °C and an aliquot (40 µL) of Matrigel (80 µg/well)
was added to each filter insert and incubated for 30 min at 37 °C to form a uniform three-
dimensional gel. Then, the lower chamber was filled with 0.6 mL of medium supplemented
with 10% fetal calf serum. Tumor cells (7.5 × 105 cells/mL) were incubated with or without
r-mojastin 1 (with GST and without GST) for 30 min and aliquots (200 µL) of cells were
plated at the upper chamber of the Transwell. After 24-h incubation, all non-migrant cells
were removed from the upper membrane of the Transwell with a cotton swab, and the
migrant cells were fixed and stained with 0.5% toluidine blue in 4% paraformaldehyde.
Invasion was quantified by counting the number of stained cells on the lower membrane per
40× field and photographed with a light microscope (Nixon, Japan).

2.6. Inhibition of lung tumors in vivo
Murine melanoma cells (B16F10), (5.0 × 106 cells/mL) were suspended in Dulbecco’s
modified Eagle’s medium without FBS in the presence or absence of r-mojastin 1 at 1000
µg/kg per mouse and incubated 1 h at 37 °C. Control consisted of mice injected with
B16F10 cells in Dulbecco’s modified Eagle’s medium without FBS and mice injected with
medium alone. Two hundred microliter of cells/disintegrin mixture was injected
intravenously (i.v) in the lateral tail vein of BALB/c mice (weight 18–20 g). Mice were
sacrificed 19 days post injection, and lungs were examined for the presence of tumors.
Lungs were visualized with a 4 × stereomicroscope. The tumors were counted for statistical
analysis.

2.7. Statistical analysis
Results of wound healing and invasion were expressed as the mean ± standard deviation (n =
3), and analyzed using the one way-Anova test followed by Newman–Keuls Multiple
Comparison Test, using the software program Graph Pad Prism. A two tailed t-test followed
by Mann Witney test was used to determine the significance of r-mojastin 1 and the control
in inhibiting the number of tumors in vivo. Differences were statistically significant if p was
less than 0.05.
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3. Results
3.1. Inhibition of cell adhesion

r-Mojastin 1 inhibited SK-MEL-28 cell adhesion to fibronectin, and had an IC50 of 94.6 nM
r-Mojastin 1was not able to inhibit T24 cell adhesion to fibronectin. r-Mojastin-GST
inhibited SK-MEL-28 and T24 cells adhesion to fibronectin in a dose-dependent manner
with an IC50 of 16 and 200 nM, respectively. The inhibition of SK-MEL-28 cells was 12.5
times more effective when compared to T24 cells. The native mojastin inhibited SK-
MEL-28 cell adhesion to fibronectin, with an IC50 of 113 nM, and native mojastin was not
able to inhibit T24 cell adhesion to fibronectin. r-Mojastin-GST was 7.1 times more
effective than native mojastin in inhibiting the SK-MEL-28 cell adhesion to fibronectin.
There was no significant difference between r-mojastin 1 and native mojastin in inhibiting
the SK-MEL-28 cells adhesion to fibronectin (Table 1). Commercial echistatin used as
positive control at 1.8 µM completely inhibited SK-MEL-28 and T24 cells adhesion to
fibronectin.

3.2. Cell migration
Cell migration and invasion is necessary for tumor metastasis, we therefore, investigated the
effect of r-mojastin 1 on cell migration. T24 cells migrated into the wound, causing 100%
closure in presence of r-Mojastin-GST and r-mojastin 1 at 5.3 µM after 24 h. However, SK-
MEL-28 cells migrated by 40 and 32% after 24 h in presence of r-Mojastin-GST and r-
mojastin 1, respectively at the same concentration. Commercial echistatin used as positive
control at 2.7 µM allowed cell migration by 31 and 2% with T24 cells and SK-MEL-28
cells, respectively. In comparison to the negative control (SK-MEL-28 cells incubated with
PBS buffer), a statistically significant difference between r-Mojastin-GST and r-mojastin 1
(p < 0.001) was observed. Native mojastin at 5.3 µM allowed T24 cells to migrate by 100%,
and SK-MEL-28 cells to migrate by 38% after 24 h of incubation (Table 2 and Figs.1 and 2).
There was no difference between recombinant disintegrins and native mojastin (p > 0.05).

3.3. Cell invasion
A modified Boyden chambers coated with three-dimensional matrigel was used to test
recombinant mojastins ability to inhibit invasion of cancer cells through an artificial
basement membrane. HT-1080, T24 and SK-MEL-28 cells were used in the Boyden
chamber. All three cell lines, HT-1080, T24 and SK-MEL-28, migrated through matrigel
toward the fetal bovine serum (Fig. 2). r-Mojastin 1 and r-mojastin-GST at 5.3 µM inhibited
invasion of T24 cells by 57 and 36%, and invasion of SK-MEL-28 cells by 67 and 53%,
respectively (p < 0.0001). In comparison with the negative control (cells incubated with PBS
buffer), r-mojastin 1 was more potent than r-mojastin-GST in blocking T24 cells invasion.
Native mojastin (5.3 µM) inhibited invasion of T24 and SK-Mel-28 cells by 68 and 67%,
respectively. Positive control echistatin (1.8 µM) also inhibited invasion of T24 and SK-
MEL-28 cells by 72 and 69%, respectively (p < 0.0001). r-Mojastin 1 and r-mojastin-GST
were not able to inhibit invasion of HT-1080 (p > 0.05).

3.4. Inhibition of lung tumors in vivo
To investigate the inhibitory effect of r-disintegrins on lung colonization in vivo, r-mojastin
1 and r-mojastin-GST incubated with B16F10 melanoma cells (1 × 106) were injected i.v in
BALB/c mice. r-Mojastin 1 inhibited lung colonization by 51.5% at a dose of 1000 µg/kg,
compared to the control group (p-value = 0.0216, Table 3 and Fig. 3). r-Mojastin-GST was
not able to inhibit tumor metastasis of B16F10 melanoma cells.
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4. Discussion
Snake disintegrins are potent and specific antagonists of various integrins. Integrins are a
superfamily of cell adhesion receptors that are structurally related heterodimers consisting of
a α and β subunits (Humphries, 2000; Hynes et al., 2002). Integrins participate in the
complex biological process of embryonic development and maintenance of tissue integrity
(Brown et al., 1993; Delon and Brown, 2009). They also function in wound healing and
pathological processes such as inflammation and malignant transformation by affecting
cellular activities like cell growth, differentiation, migration and apoptosis (Selistre-de-
Araujo et al., 2005; Becchetti and Arcangeli, 2010). Over the last decade, snake disintegrins
have been the subject of great interest as potent ligands to integrins (McLane et al., 2004).
Recently, a disintegrin cloned from C. s. scutulatus named r-mojastin 1, was expressed in E.
coli, which inhibited platelet functions. r-Mojastin 1 was 2–49 times stronger in inhibiting
ADP-induced platelet aggregation using PRP when compared with other recombinant
disintegrins such as r-adinbitor, r-echistatin and r-viplebedin-2 (Wang et al., 2004;
Wierzbicka-Patynowski et al., 1999; Vija et al., 2009; Sánchez et al., in press). In this work
r-mojastin 1 and r-mojastin-GST were evaluated for their role in preventing cancer cell
adhesion to extracellular matrices, migration and invasion.

In order to survive, cells must be able to adhere to their surroundings. Cancer cell adhesion
is supported by integrins and is essential for migration and invasion. Adhesion of tumor cells
to the vascular extracellular matrix is a critical role in metastasis. Many integrins including
αvβ3, αvβ5, αvβ6, α6β4 and α9β1 are highly expressed in metastatic cancer cells, and they are
involved in the degradation of the basement membrane through interactions with proteolytic
enzymes like MMP-2 and MMP-9 suggesting that certain integrins plays an important role
in migration and invasion (Rathinam and Alahari, 2010).

In general, integrins recognize short linear peptide sequences on adhesion proteins, the most
prevalent being the arginine-glycine-aspartic acid motif (RGD), which is found on many
ECM proteins such as fibronectin, collagens and vitronectin, but also on many disintegrins
(Akiyama, 1996). Snake disintegrins, which include contortrostatin, adinbitor, eristostatin,
echistatin, and obstustatin to name a few, could be effective anti-cancer drugs.

For instance, contortrostatin (an RGD containing homodimeric disintegrin from Agkistrodon
contortrix contortrix) disrupted adhesion of human bladder carcinoma (T24) and invasion of
human ovarian cancer cells (OVCAR-5) (Zhou et al., 2000). Recombinant contortrostatin
was expressed in a eukaryotic expression system using the Origami-gami B (DE3) pLysSas
expression host. Recombinant contortrostatin also inhibited adhesion of breast cancer cell
(MDA-MB-435) on fibronectin coated plated, with an IC50 almost identical to native
contortrostatin (Minea et al., 2005). Similar to native contortrostatin, vicostatin (VCN) a
chimeric disintegrin generated recombinantly by grafting the C-terminal tail end of the
viperid snake venom disintegrin echistatin to the sequence of crotalid disintegrin
contortrostatin (CN), inhibited significantly HUVEC, MDA-MB-231 and MDA-MB-435
cell invasion in a dose-dependent manner tested in a modified Boyden chamber assay
(Minea et al., 2010). Another recombinant monomeric RGD containing disintegrin, r-
Adinbitor, from Agkistrodon halys brevicaudus stejneger (Chinese snake) was able to inhibit
basic fibroblast growth factor (bFGF)-induced proliferation of ECV304 cells with an IC50 of
890 nM (Wang et al., 2004). Disintegrins are also known to inhibit angiogenesis, a process
mediated through integrins αvβ3, αvβ5, αvβ1 and α1β1 (Marcinkiewicz et al., 2003; Huang et
al., 2001). The snake venom disintegrin, obstustatin (Vipera lebetina obtusa), inhibited
angiogenesis via α1β1 using the chicken chorioallantoic membrane (CAM) assay
(Marcinkiewicz et al., 2003).
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In this work, r-mojastin 1 and r-mojastin-GST were used to study the inhibition of cancer
cell adhesion, migration and invasion. The cloned disintegrin, r-mojastin 1, inhibited SK-
ML-28 cell adhesion to fibronectin, but was not able to inhibit T24 cell adhesion to
fibronectin. On the other hand, r-mojastin-GST inhibited SK-ML-28 and T24 cells adhesion
to fibronectin. In a previous study, native mojastin (Sánchez et al., 2006) was also unable to
inhibit T24 cell adhesion, which may indicate that the GST tag attached to the r-mojastin is
playing a role in blocking the integrin(s) on T24 cells involved in binding fibronectin. Like
r-mojastin 1, anti tumoral and anti-platelet activity has been reported in other recombinant
disintegrins such as r-contortrostatin, robtustatin, r-jerdostatin, r-elengantin and r-kistrin
which showed inhibitory activity toward αIIbβ3 (integrin found on platelets), and α5β1 and
α1β1 integrin-mediated cell adhesion tested in different tumoral cell lines such as
myelogenous leukemia (K562), human breast (MDA-MB-435) and Jurkat cells (Brown et
al., 2009; Rahman et al., 1998; Sanz et al., 2005; Minea et al., 2005).

r-Mojastin disintegrins were also able to inhibit cell migration (Fig. 1 and Table 2). Cell
migration plays an essential role in a wide variety of biological phenomena, which involve
vascular diseases, chronic inflammatory diseases and tumor metastasis, the main cause of
death from cancer. Many cell adhesion molecules including integrins have been implicated
in cell migration and tumor invasion (Geiger and Peeper, 2009;Janik et al., in press). The
integrin α3β1 is elevated in several types of metastatic tumors, and has been found to be
associated with increased migration and invasion. It has been shown to recognize a variety
of ECM proteins, including laminin-1, laminin-5, fibronectin, collagen, and entactin (Pochéc
et al., 2006;Tsuji et al., 2002). Because it plays an essential role in angiogenesis and
vascular remodeling, integrin αvβ3 is one of the best-characterized integrins (Rüegg and
Alghisi, 2010). Other integrins including αvβ5, αvβ6, α6β4, and α9β1 exhibit high expression
in cancer, and they are involved in the degradation and invasion of the basement membrane
through interaction with proteolytic enzymes like MMP-2 and MMP-9 (Rathinam and
Alahari, 2010).

Both r-mojastin-GST and r-mojastin 1 significantly decreased the ability of SK-MEL-28
cells to migrate after 24 h of incubation but were not able to inhibit T24 cell migration. The
fact that the r-mojastin 1was more sensitive in inhibiting SK-MEL cells may be due to the
presence of different integrins on both cell lines, which causes some cell lines to be more
selective to certain ECM than others. This may be the case for r-mojastin 1, which may be
more specific for certain integrins on SK-MEL cells and not to those integrins found on the
T24 cells. Flow cytometry analysis and immunoprecipitation studies of T24 cells
demonstrated the expression of α2, α3, α5, α6, αv, β1, β3, and β4 integrins subunits and the
absence of α4 (Kuroda et al., 1993). In contrast, malignant melanomas like SK-MEL-28
demonstrate an increase in the expression of α4β1 (Johnson, 1999). The ligands of the α4α1
integrin include thrombospondin, fibronectin and the endothelial cell adhesion molecule
VCAM-1. Expression of α4β1 by melanoma cells could allow the tumoral cells to migrate
from the vascular system into any tissue in which VCAM endothelial expression has been
induced, an important step in the establishment of metastatic lesions (Johnson, 1999). It is
probable that r-mojastin 1 recognizes the α4β1 integrin on SK-Mel-28 and this integrin is not
present on T24 cells, thus, explaining the higher potency with the SK-MEL-28 cell line
(Sánchez et al., 2009).

In addition to the inhibition of adhesion and migration activities of native and recombinant
mojastins, both inhibited the invasion of malignant cancer cells through an artificial
basement membrane (Fig. 2). It has been reported that integrins αvβ3 and αvβ5 mediate
cancer cell invasion, although the latter requires collaboration from certain growth factors
(Zhou et al., 2000). Considering that mojastin 1 contains the sequence RGDW, a motif with
a high affinity to αIIbβ3 receptors, but weak affinity to αvβ3 receptors in solid-phase ligand
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binding assays (Sánchez et al., 2006), it is probable that r-mojastin 1 recognizes the αvβ5
integrin blocking tumoral cell invasion.

One common disadvantage of cloned disintegrins is that their activities may be less than the
native disintegrins (Sánchez et al., in press); however, it is worthwhile to note that in our
cancer cell adhesion and migration studies the potency of r-mojastin 1 was similar to that of
the native mojastin (Tables 1 and 2). This was not the case with inhibition of platelet
aggregation studies, in which the recombinant disintegrins in some cases appear to have
significantly lower activities than their native counterparts (Sánchez et al., in press). It is
also important to note the increased potency observed with the r-mojastin-GST compared to
r-mojastin 1. Therefore, it cannot be ignored that the GST molecule with a molecular weight
of 26 kDa, which dominates the overall structure of the fusion protein, directly impacts the
structure and activity of r-mojastin 1 (Sánchez et al., in press). It is possible that GST may
affect disintegrin activity either by altering the folding of r-mojastin 1; and thus its
specificity of binding to the integrin, and/or the GST which makes the r-mojastin 1 a larger
molecule, resulting in an overhang that may block integrins. This could lead to increased
activity observed in the adhesion assay with T24 and SK-MEL-28 cells (Table 1). In light of
this, future research on structure–function relationships using cloned proteins should be
conducted with the recombinant protein without the GST tag, which as shown in this study
may affect the activity of recombinant proteins. To our knowledge, this is the first work
comparing the anti tumoral activity of a recombinant protein with and without GST tag.

Disintegrins have also been shown to be effective anti-metastatic agents. Crotatroxin 2, a
disintegrin isolated from the venom of Crotalus atrox inhibited lung tumor colonization of
66.3p cells at a dose of 1000 µg/kg tested in vivo using a BALB/c mouse model. Eristostatin
inhibited MV3 cell experimental metastasis by interfering with α4β1 rather than α5β1 or αvβ3
(Galán et al., 2008; Danen et al., 1998). In vivo B16F10 melanoma experimental metastatsis,
r-salmosin, a recombinant disintegrin derived from the Korean snake (A. h. brevicaudus)
showed a remarkable inhibitory effect on lung tumor colonization in a concentration-
dependant manner (Kang et al., 2000). In our present study, experimental inhibition of lung
tumor colonization in vivo tested in a BALB/c mouse model was significantly inhibited by r-
mojastin 1 at a dose of 1000 µg/kg permouse with respect to number of tumors that
developed in absence of r-mojastin 1.

In conclusion, our studies suggest that after further characterization, r-mojastin 1 could be a
useful tool in developing novel anti-tumor agents by virtue of its ability to inhibit tumor cell
adhesion, migration and invasion. Taking account the importance of angiogenesis in
metastasis, r-mojastin 1 is currently being used to study its effect on angiogenesis in
endothelial cells, which are the main cells involve in vessel blood formation.
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Fig. 1.
Inhibition cell migration of SK-MEL-28 (A) and T24 (B) cells were measured when r-
mojastin 1 (5.3 µM) and r-mojastin-GST (5.3 µM) were added to tissue culture media. A
confluent monolayer of cells was maintained in medium, and a line was scraped through the
monolayer of cells with a plastic, sterile pipette tip. The cultures were allowed to migrate for
24 h at 37 °C in the presence or absence of recombinant disintegrins. The extent of wound
closure was quantified by multiple measurements of the width of the scrape space for each
cell line.
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Fig. 2.
r-Mojastins inhibited the invasion of SK-MEL-28, T24 and HT-1080 cells. Tumor cells (7.5
× 105 cells/mL, 0.2 mL) were treated with 5.3 µM of r-mojastin 1 and r-mojastin-GST for
30 min at 37 °C, and then placed in the upper Boyden chamber containing a matrigel-coated
filter membrane. Invasion was induced by adding McCoy’s 5A minimum essential medium
and Eagle’s minimum essential medium with FBS to the lower chamber for 24 h. After
fixation and removal of nonmigrated cells, cells that migrated to the underside of filter
membrane were quantified by light microscope (3 fields/40×). *p < 0.0001.
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Fig. 3.
The effect of r-mojastin 1 on B16F10 lung tumor colonization in a BALB/c mice at 1000
µg/kg mouse. The B16F10 cells (1 × 106) were injected in the lateral tail vein of BALB/c
mice in the absence or presence of r-mojastin 1. Lungs were isolated from BALB/c mice
developed for experimental metastasis after 19 days. (A) Medium-treated mice. (B) B16F10
cells in medium. (C) 1000 µg r-mojastin 1/kg mouse. (D) 1000 µg r-mojastin-GST/Kg
mouse.
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Table 1

Adhesion of T24 and SK-MEL-28 cells to fibronectin in presence of mojastin disintegrins.

Disintegrin Inhibition of cell
adhesion T24 cellsa

Inhibition of cell
adhesion
SK-Mel-28 cellsa

GST-r-Mojastin 200 nM 16 nM

r-Mojastin 1 NA 95 nM

Native mojastin NA 113 nM

NA = No activity.

Commercial echistatin used as positive control at 1.8 µM completely inhibited SK-MEL-28 and T24 cells adhesion to fibronectin.

a
The results are expressed as IC50
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Table 3

Comparative analysis of tumor foci per lung in BALB/c mice using B16F10 cells and r-mojastins at 1000 µg/
kg compared to controls.

Controla r-Mojastin-GST r-Mojastin 1

# mice 9   6   5

Minimum tumors 12   1   4

Maximum tumors 29 42 13

Mean tumors 17 15   8

Standard deviation 6 15   4

p-Value*   0.2845 0.0216

*
p-Value as compared to the control. p < 0.05 = significant difference.

a
The control consisted of B16F10 tumoral cells in Dulbecco’s modified Eagle’s medium without FBS.
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