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Summary
Obtustatin, isolated from the Levantine Viper snake venom (Macrovipera lebetina obtusa -MLO), is the shortest known mono-
meric disintegrin shown to specifically inhibit the binding of the α1β1 integrin to collagen IV. Its oncostatic effect is due to the
inhibition of angiogenesis, likely through α1β1 integrin inhibition in endothelial cells. To explore the therapeutic potential of
obtustatin, we studied its effect in S-180 sarcoma-bearing mice model in vivo as well as in human dermal microvascular
endothelial cells (HMVEC-D) in vitro, and tested anti-angiogenic activity in vivo using the chick embryo chorioallantoic mem-
brane assay (CAM assay). Our in vivo results show that obtustatin inhibits tumour growth by 33%. The expression of vascular
endothelial growth factor (VEGF) increased after treatment with obtustatin, but the level of expression of caspase 8 did not change.
In addition, our results demonstrate that obtustatin inhibits FGF2-induced angiogenesis in the CAM assay. Our in vitro results
show that obtustatin does not exhibit cytotoxic activity in HMVEC-D cells in comparison to in vivo results. Thus, our findings
disclose that obtustatin might be a potential candidate for the treatment of sarcoma in vivo with low toxicity.
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Introduction

Soft tissue sarcomas (STS) are rare malignant tumors deriving
from cells of mesenchymal origin (bone, muscle, fat)
[13]. They can occur anywhere in the body, but they develop

more frequently in the extremities, retroperitoneum and
neck [9, 10]. More than 50 histological types of STS
are known, the most common being leiomyosarcoma,
malignant fibrous histiocytoma, liposarcoma, synovial
sarcoma, fibrosarcoma and malignant peripheral nerve
sheath tumors [9].

Tumor growth and metastasis require angiogenesis, which
is defined as the development of new blood vessels from a
pre-existing vascular bed [3, 14, 15]. Vascular endothelial
growth factor (VEGF-A) plays a core role as a mediator of
angiogenesis. Different in vivo studies using murine tumor
models of STS have shown overexpression of VEGF-A.
When the murine T241 fibrosarcoma cell lines, engineered
to stably overexpress VEGF-A, were implanted into immuno-
deficient mice to generate xenografts, VEGF-A expressing
tumors displayed not only significantly accelerated growth
compared with the non-VEGF expressing counterparts, but
also increased tumor vessels density [2]. In another murine
model of fibrosarcoma, tumors proved to be very invasive
in vivo and exhibited highly irregular vessels, variable in
shape and diameter and showed high levels of VEGF-A [21].

The fast vascularization process during tumor progression
leads to the formation of pathological vessels formed by
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improperly organized endothelial cells [7, 20]. To date, many
anti-angiogenic drugs have been developed, but their therapeu-
tic efficacy is limited and often associated with toxic side ef-
fects. The obtustatin isolated from the snake venom of
Macrovipera lebetina obtusa (MLO) represents the shortest
known KTS (Lys-Thr-Ser) monomeric disintegrin so far [5,
24, 27–29, 34]. Therapeutic effectiveness of obtustatin was
particularly remarkable in the experiments on mice, but only
in the case of intravascular (i.v.) administration [4]. This low
molecular weight peptide revealed a potent therapeutic effect
on melanoma progression and recently we have shown
its inhibitory effect on S-180 sarcoma bearing mouse
model [16]. Its oncostatic effect is due to the inhibition
of angiogenesis, which possibly arises from α1β1 integrin
inhibition in the endothelial cells [4].

Integrins are a family of receptors expressed on the cell
surface, which adhere to multiple ligands and mediate cell-
cell and cell-extracellular matrix interactions. These trans-
membrane glycoproteins are composed of two noncovalently
linked subunits – α and β. 8 β subunits can assort with 18 α
subunits to form 24 distinct integrins, which are widely dis-
tributed in mammalian cells. Among them, the collagen re-
ceptors are the functional subclass specifically interacting with
distinct types of collagens. The α1, α2, α10 or α11 subunits
of collagen receptors associate with the β1 subunit to make an
active complex on the cell surface. The α1β1 integrin
is a specific receptor for collagen type IV and α2β1 for
collagen type I with an IC50 of 2 nM and 0.5 nM,
respectively [4, 28, 29, 37]. These integrins are highly
up-regulated by the sVEGF in cultured endothelial cells,
resulting in enhanced spreading of collagen and supporting
VEGF signaling, endothelial cell migration, and tumor angio-
genesis [6, 7, 12, 15, 26, 30, 35].

The anti-angiogenic activity of obtustatin as well as its
inhibitory effect on experimental tumor growth have previous-
ly been reported [4, 27, 29]. In this paper, the functions and
mechanisms of obtustatin in sarcoma angiogenesis are pre-
sented for the first time. We have demonstrated the influence
of obtustatin on the VEGF expression using the S-180 sarco-
ma bearing mouse model, we have also examined the expres-
sion of several caspases by Western blot. We revealed
that obtustatin did not induce any signs of apoptotic
death in the sarcoma treated animals and we also found
no evidence of activation of caspase 8, as previously
described for integrin-mediated death (IMD) [36]. In
addition, we explored the anti-angiogenic effect of
obtustatin using the chick embryo chorioallantoic mem-
brane in vivo assay (CAM assay) and human dermal
microvascular endothelial cells (HMVEC-D) in vitro.
Our results have demonstrated a lack of cytotoxic effect
of obtustatin in HMVEC-D cells in vitro even for the
extremely high concentrations, which is a striking contrast
with the previous study [4].

Materials and methods

Chemicals

Obtustatin isolated from the MLO snake venom was pur-
chased from Tocris (Cat. N 4664, Bristol, United Kingdom).
The purity of obtustain is 95.6% according to the HPLC and
MS analysis of the protein (https://documents.tocris.com/
pdfs/tocris_coa/4664_3_coa.pdf?1546428880). Primary
adult human dermal microvascular endothelial cells
(HMVEC-D) were purchased from ATCC (Manassas, USA)
and cultured in complete endothelial cell basal 131 medium
supplemented with microvascular growth supplement
(MVGS) containing 15% FBS (all from Invitrogen,
Carlsbad, USA). Early passage [3–6] HMVEC-D cells were
used in all experiments. The recombinant human vascular
endothelial growth factor (VEGF) and collagen IV were ob-
tained from Sigma (St. Louis, USA); the fibroblast growth
factor (FGF2) was purchased from Immuno Tools
(Friesoythe, Germany).

Tissue lysis

The tumour tissues were lysed with an addition of 2 ml of the
lysis buffer (0.5% Triton X-100; 25 mM Tris-HCl pH 7.5;
75 mM NaCl; 2.5 mM EDTA, pH 8.0; 0.5 mM PMSF;
0.5 mM DTT; 5 mM NaF; cocktail of protease inhibitor
(Roche)). To homogenize the tissues and allow high yield of
protein from the tissues, a bead was added to the samples with
the lysis buffer, and the samples were vigorously agitated at a
frequency of 30 beats per second for 3 min at room tempera-
ture (RT). If some pieces of tissue were still visible in the
samples, the homogenization step was repeated. Afterwards,
the homogenized samples were centrifuged at 15000 rpm,
30 min at RT. If the resulting supernatant was still turbid, the
centrifugation step was repeated. Afterwards, the supernatant
was recovered.

Protein concentration measurement. SDS-PAGE.
Western blot. Densitometry analysis

Concentration of proteins in the tissue lysates was determined
by BCA Protein Assay Kit. In order to disrupt protein second-
ary structure and allow proteins to migrate depending on the
mass to charge ratio during sodium dodecyl sulphate poly-
acrylamide gel electrophoresis (SDS-PAGE), NuPAGE reduc-
ing agent (Invitrogen), and NuPAGE LDS Sample buffer
(Invitrogen) were added to the samples (50 μg total protein)
in 1:10 and 1:4 ratio to the final volume, respectively. The
reduced samples were incubated at 70 °C for 10 min. The
denatured samples (50 μg) were resolved on 4–12%
NuPAGE Novex Bis-Tris Mini Gels (Invitrogen) in MOPS
buffer at 180 V. To estimate the molecular weight of protein
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of interest, ColorPlus pre-stained protein ladder (BioLabs)
was used.

Once protein samples were separated by SDS-PAGE, pro-
teins were transferred onto a nitrocellulose membrane (NC)
(Novex, 0.2 μm) using Pierce Power Blot Station and Blotting
Cassette (Thermo Scientific) at a voltage of 25 Vand a current
of 3 A for 13 min. Following the transfer, the NC membranes
were rinsed with deionized water and treated with western
signal enhancer (Thermo Scientific) according to the manu-
facturer’s instructions. To prevent non-specific binding of the
antibody probes to the membrane surface, the membrane was
then incubated for 1.5 h in blocking buffer containing 0.1%
casein (Roche) in TBS (0.1% Tween 20).

To identify VEGF and caspases, the NC membranes were
incubated with a primary antibody against VEGF and caspase
8 (1:1000, sc-7269, Santa Cruz), procaspase 9 (1:500,
sc133109, Santa Cruz), cleaved caspase 3 (1:1000, #9661S,
Cell Signaling), caspase 5 (1:500, sc393346, Santa Cruz) in
blocking buffer with gentle agitation overnight at 4 °C. After 5
washes with deionized water and 5 min incubation with TBS-
T, the membranes were incubated for 1 h at RTwith horserad-
ish peroxidase (HRP) conjugated anti-mouse secondary anti-
body in blocking buffer (1:8000, NA931, GE Healthcare).
Then the membranes were washed 7 times with deionized
water and incubated for 5 min in TBS-T. At last, the chemilu-
minescent HRP substrate (Millipore) was applied to the blots
for 5 min, initiating the chemiluminescence reaction catalyzed
by the peroxidase conjugated to the secondary antibody. The
emitted light was detected with a ChemiDoc XRS sys-
tem (Bio-Rad), the image acquisition was done using
Quantity One 1-D Analysis software v4.6.9 (Bio-Rad).
For image processing and analysis ImageLab 4.0 software
was used (Bio-Rad).

After detection of the corresponding chemiluminescence
signal, the membranes were stripped and re-probed. The NC
membranes were first washed with TBS-T and then incubated
for 30 min at 37 °C in sufficient volume of Restore Plus
Western Blot stripping buffer (Life technologies) to ensure
that the blot was completely wetted (i.e. approximately
20 mL for an 8 × 10 cm blot). The complete removal of the
enzyme conjugate was tested by an additional incubation with
a new aliquot of HRP chemiluminescence substrate working
solution. If no signal was detected using a minimum 5 min
exposure, the enzyme conjugate was successfully removed
from the antigen or primary antibody. The membranes were
incubated with an anti-actin antibody (1:1000; sc-1615) for
2 h at RT and secondary anti-goat antibody (1:10000; 172–
1034, Bio-Rad) for 1 h, preceded by a blocking step as de-
scribed above. All the steps during this part of the procedure
were carried out at RT and with gentle agitation.

The detected chemiluminescence was used to assess the
changes in the expression of the protein of interest by densi-
tometric analysis with the BIO-RAD Image Lab 4.0 software.

Therefore, the volume intensity of each Western Blot signal
was measured after selecting the corresponding band with the
‘Lane and Bands’ tool and adjusting the chosen area using the
‘Lane profile’. The background was subtracted by rolling disk
subtraction method (disk size 8 mm). The molecular
weight was determined with the ‘MW’ analysis tool.
The normalized volume intensity of each signal was then cal-
culated by dividing its measured volume intensity by the cor-
responding actin value.

S-180 sarcoma mouse model and administration

The S-180 sarcoma cells were transplanted subcutaneously
into the right axilla of each mouse. When the tumor grew to
100–300 mm3 we randomly divided mice into 2 groups: mod-
el (tumor control), and S-180 sarcoma group treated with
obtustatin. Each group contained 5 mice. The mice were ad-
ministered as follows: model group, PBS; obtustatin treated
group, 1 mg/kg body weight obtustatin. All the solutions were
dissolved in PBS and administered daily by an intra-tumor
injection (50 μl) for 5 days. Twenty-four hours after the last
drug administration, all the animals were weighed and
sacrificed by cervical dislocation. All the procedures were
done according to our institution’s animal care rules and the
IACUC ’s ethical guidel ines for Decapi ta t ion of
Unanesthetized Mice and Rats (http://www.utsouthwestern.
edu/utsw/cda/dept238828/files/ 469,088.html).

Antitumor activity assay in vivo

The antitumor activity was expressed as inhibitory rate (%)
and was calculated as [(A-B)/A]*100%, where A and B was
the average tumor weight of the model and that of the treated
group, respectively.

Chick embryo chorioallantoic membrane assay
(CAM assay)

The CAM assay was used to evaluate the anti-angiogenic
activity of obtustatin. Fertilized chick (Gallus gallus) eggs
obtained from commercial sources were incubated horizontal-
ly at 37.8 °C in a humidified atmosphere and referred to by
embryonic (E). On E3, a square window was opened in the
shell after removal of 2–2.5 ml of albumen to allow detach-
ment of the developing CAM. The window was sealed with
transparent adhesive tape and the eggs returned to the incuba-
tor. Testing conditions were placed on top of E10 growing
CAM into a 3 mm silicone ring under sterile conditions:
bFGF2 (400 ng/egg; ImmunoTools) was used as an angiogen-
esis inducer in the control group (N = 13) and bFGF2 (400 ng/
egg) and obtustatin (90 μM) in the test group (N = 16). The
eggs were re-sealed and returned to the incubator for an addi-
tional 72 h. Three independent experiments were performed.
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After removing the ring, the CAM was excised from the em-
bryos, and photographed ex ovo under a stereoscope
using 20x magnification (Olympus, SZX16 coupled with
a DP71 camera). The number of new vessels (less than 15 μm
diameter) growing radially towards the ring area was quanti-
fied blindly.

IncuCyte Cytotox green detection of cell death

The IncuCyte Cytotox green reagent was used according to
the manufacturer’s instructions for quantifying dead cells after
24 h treatment with obtustatin (90 μM). The experiments were
performed in triplicates. Obtustatin was diluted in PBS 1x.
HMVEC-D cell proliferation was induced with 50 ng/ml hu-
man recombinant VEGF.

Cell viability and apoptosis assay

Cell viability and apoptosis were quantified using the
ApoLive-Glo multiplex Assay (Promega, Fitchburg, USA)
according to the manufacturer’s instruction, after a 24 h treat-
ment with obtustatin (90 μM). Experiments were performed
in triplicates and data were plotted as an average ± standard
error of the mean. Obtustatin was diluted in PBS 1x.
HMVEC-D cell proliferation was induced with 50 ng/ml hu-
man recombinant VEGF.

Results

Obtustatin inhibited the growth of S-180 sarcoma
in mice, increased VEGF expression and didn’t change
caspase 8, 9, 5 and 3 expression

To test the effects of obtustatin on tumor growth in vivo, we
injected sarcoma cells subcutaneously into the right axilla of
mice. When the tumor size reached 100–300 mm3, the mice
were randomly divided into 2 groups that were treated daily
by intratumoral injection of 50 μl of either vehicle (PBS) or
obtustatin (1 mg/kg) for 5 days. Twenty-four hours after the
last drug administration, all the animals were weighed and
sacrificed by cervical dislocation. The tumors were excised
and weighted. Figure 1 compares the percent rate of inhibition
of the tumors between PBS and obtustatin-treated mice.
Tumors treated with obtustatin showed 33% lower weight
than controls, indicating that obtustatin inhibits the growth
of sarcoma S-180 cells in vivo.

Furthermore, there was no significant weight loss in the
treated group, indicating that no significant toxicity was in-
duced by obtustatin treatment (data not shown).

Reduction of tumor growth can have multiple causes, from
direct inhibition of cell proliferation to reduced supply of nu-
trients and oxygen due to defective vascularization. Defects in

angiogenesis can also be due to impaired production of vas-
cular endothelial growth factor (VEGF), the major angiogen-
esis promoting signal. To test for this possibility, we investi-
gated the effect of obtustatin on the expression of VEGF by
Western blot, which revealed that the S-180 sarcomas treated
with obtustatin had a higher, rather than lower, content of
VEGF (Fig. 2),

We have previously reported that obtustatin induces necro-
sis and necroptosis in S-180 cell sarcomas in vivo, but we
could not attribute cell death to necrosis. Brown et al. [4] have
also reported that obtustatin is a potent inducer of the extrinsic
pathway of apoptosis in endothelial cells. We therefore ana-
lyzed the expression of caspases 3, 5, 8 and 9 in the treated
tumors, but were unable to detect any effect of obtustatin
treatment on caspase levels. This strongly indicates that the
reduced tumor growth does follow on from increased apopto-
sis of tumor or stromal cells (Fig. 2).

Anti-angiogenic effect of obtustatin

The anti-angiogenic effect of obtustatin was evaluated using
the in vivo CAM assay. To mimic a pathological condition in
which angiogenesis is exacerbated, we used FGF2 to stimu-
late vessel growth. 10 day-old chick embryos were treated
with FGF2 alone, or in combination with obtustatin (90 μM)
72 h after the treatment, the CAM were excised from the
embryos, photographed ex ovo under a stereoscope, and
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Fig. 1 Effective suppression of sarcoma growth in S-180 bearing mice
was induced by obtustatin. After the sarcomas had reached 100–300 mm3

in volume mice were randomly subdivided into 2 groups: model (tumor
control), and S-180 sarcoma group treated with obtustatin. Each group
contained 5 mice. The mice were administered as follows: model group,
PBS; obtustatin treated group, 1 mg/kg body weight obtustatin. Obtustatin
was dissolved in PBS and administered daily by an intra-tumor injection
(50 μl) for 5 days. Twenty-four hours after the last drug administration, all
the animals were weighed and sacrificed by cervical dislocation. The an-
titumor activity was expressed as inhibitory rate (%) and was calculated as
[(A-B)/A]*100%, where A and B was the average tumor weight of the
model and that of the treated groups, respectively. The average inhibitory
rate of obtustatin based on two replicates was 32.5% (95% CI = [27.5–
37.5]). This was significantly greater than the 0.75% (95% CI = [0.65
0.85]) inhibitory rate of the control (t = 12.70, df = 2, p = 0.0031). This
indicates that obtustatin inhibits the growth of sarcoma S-180 cells
in vivo. The obtained values are plotted in the graph (experimental repeats
– 2, mean ± sem; unpaired t-test, **p < 0.05)
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quantified for the number of new vessels (< 15 μm diameter)
(Fig. 3). We found a significantly lower number of new ves-
sels in case of obtustatin treatment (Fig. 3).

Effect of obtustatin in cell viability and apoptosis
of HMVEC-D cells in vitro

We next used live cell imaging in an IncuCyte system to study
the effects of obtustatin on the viability of HMVEC-D cells in
culture. Cell death was detected using Cytotox green, which
specifically binds to DNA of dead cells due to the loss of
membrane integrity. HMVEC-D cells were grown in the pres-
ence of hrVEGF in plates coated with collagen IV, which spe-
cifically activates α1β1 integrin signaling. The cells were

treated with obtustatin and imaged for 24 h in the continuous
presence of the disintegrin. As shown in Fig. 4, cell death was
hardly detectable in control or obtustatin treated cells. It is note-
worthy that obtustatin, even at extremely high concentrations
(90 μM), and under cell culture conditions that ensured activa-
tion of the α1β1 integrin signaling targeted by obtustatin,
didn’t compromise the cell viability (see also Supplementary
Movies 1–2).

To quantify cell viability and apoptosis following the 24 h
treatment with obtustatin we used the ApoLive-Glo multiplex
Assay. This assay measures the activity of a protease marker
of cell viability that is restricted to intact viable cells. A small
peptide GF-AFC is used as a substrate for live cell protease
activity, generating a fluorescent signal proportional to the

Fig. 3 CAM assay for the in vivo anti-angiogenic effect of obtustatin.
Testing conditions were placed in a 3 mm silicone ring on top of E10
growing CAM under sterile conditions: (a) bFGF2 (400 ng/egg) (N =
13); (b) bFGF2 (400 ng/egg) Obtustatin (90 μM) (N = 16). Figures are
representative images of each experimental condition following 72 h

treatment. C) The number of new vessels (< 15 μm diameter) growing
radially towards the ring area was quantified blindly for three independent
experiments. The obtained values are plotted in the graph (experimental
repeats – 3, mean ± sem; unpaired t-test, *p < 0.05)

Fig. 2 Western blot analysis of VEGF and caspase 8, procaspase 9, caspase
3, caspase 5 after treatment with obtustatin. After the sarcomas had reached
100–300 mm3 in volume mice were randomly subdivided into 2 groups:
model (tumor control), and S-180 sarcoma group treated with obtustatin.
Obtustatin was dissolved in PBS and administered daily by an intra-tumor
injection (50 μl) for 5 days. Twenty-four hours after the last drug adminis-
tration, all the animals were weighed and sacrificed by cervical dislocation.

Proteins were extracted from the isolated tumours from S-180 sarcoma
bearing mice and applied to Western Blot analysis. The representative
Western blot images are given (anti-VEGF, caspase 8, procaspase 9, caspase
3, caspase 5, β-actin was used as a loading control). The densitometry
analysis was carried out using ImageLab 4.0 software (Bio-Rad), and the
obtained values are plotted in the graph (experimental repeats – 2, technical
repeats – 3; mean ± sem; unpaired t-test, *p < 0.05)
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number of living cells. We found that pure obtustatin at the
highest concentration of 90 μM did not have any detrimental
effect on endothelial cell viability (Fig. 5a). We found that
activation of the apoptosis biomarker caspase 3/7 (whose ac-
tivity is proportional to the luminescent signal produced fol-
lowing cleavage of a substrate containing the tetrapeptide se-
quence DEVD) was not increased in HMVEC-D cells treated
with obtustatin (Fig. 5b). We found marginally higher apopto-
sis levels in control cells, possibly due to their higher prolif-
eration rate.

Discussion

The importance of integrins and their receptors in different
physiological and pathological conditions has been widely de-
scribed [8, 19, 23, 31, 39–41]. αVß3 integrin receptor was
initially identified as a putative target for inhibition of tumor-
induced angiogenesis [17]. Recent studies suggest that other
integrins may also be valuable targets, for example, α1ß1,

which has an important role in vessel neogenesis [18].
Obtustatin is a small peptide isolated fromMLO snake venom,
shown to selectively inhibit the binding of α1ß1 integrin to
immobilized collagen. This low molecular weight peptide re-
vealed a potent therapeutic effect onmelanoma progression [4],
and recently we have shown its inhibitory effect on S-180 sar-
coma growth [16] without detectable toxicity as indicated by
the absence of weight loss during the treatment. Hematoxyilin-
eosin staining showed morphological changes in the obtustatin
treated group compatible to necrosis and necrobiosis and ex-
hibited significant reduction in the number of tumor cells. This
prompted us to propose obtustatin as a potential therapeutic
agent against sarcoma. Besides its action as a disintegrin,
obtustatin targets additional anionic constituents of tumour
cells, specifically genomic DNA [16]. However, the mecha-
nism of action of obtustatin in sarcoma angiogenesis have not
been previously studied.

In the present study we examined the expression of VEGF
in our model after treatment as it is one of the most specific
and pivotal regulators of the angiogenic signaling cascade [6,

Fig. 4 IncuCyte ZOOM®
analysis for HMVEC-D cell death
induced by obtustatin.
HMVEC-D cells were grown in
plates coated with collagen IV
(50 μg/ml) and in the presence of
hrVEGF (50 ng/ml). IncuCyte®
Cytotox green (0.25 μM) was
added after a 24 h treatment with
obtustatin (90 μM). The repre-
sentative field images were ac-
quired with IncuCyte ZOOM®.
Scale bar, 300 μm
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Fig. 5 ApoLive-Glo multiplex assay for HMVEC-D cell viability (a) and
apoptosis (b). HMVEC-D cells induced to proliferate in the presence of
human recombinant VEGF (50 ng/ml), were treated with obtustatin

(90 μM) for 24 h. Values are mean ± s.d. of three technical replicates.
AFU, arbitrary fluorescence units; ALU, arbitrary luminescence units
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7, 12, 15, 26, 30]. 1 mg/kg/day obtustatin inhibited S-180
sarcoma tumor growth in mice by 33%. At the same time,
VEGF expression increased after treatment with obtustatin.
This could be explained by the ability of obtustatin to inhibit
angiogenesis which can cause hypoxia in the tumor tissue.
Under hypoxic conditions hypoxia-inducible factor1-α
(HIF-1α) is activated enhancing HIF-1α-dependent transcrip-
tional activation of VEGF [22, 25, 33, 38]. This hypothesis
will be tested in the future by checking HIF-1α expression in
the control and treated group.

Accumulated evidence shows that several isolated or re-
combinant snake venom toxins exhibit anti-cancer effects
in vitro and in vivo preclinical models, triggering cell death
via the mitochondrial intrinsic apoptotic pathway or ne-
crosis [1, 11, 32]. Our results revealed that obtustatin
did not induce any signs of apoptotic death in the treatment of
animals with sarcoma.

In previous studies by Brown et al. [4], an activation of the
extrinsic apoptosis pathway was detected in vivo in a mouse
experimental model of melanoma B16F10 cells. However, we
found no evidence of activation of caspase 8 for integrin-
mediated death (IMD) described previously [36]. It has also
been shown that obtustatin does not induce apoptosis in vitro
in the melanoma cell lines MV3 (human) and B16F10
(mouse) [4], although both cell lines express α1β1 integrin.
It remains to be clarified whether the activation of the extrinsic
pathway of apoptosis is an indirect effect through inhibition of
angiogenesis in the melanoma xenograft model. In any case,
we did not observe any indication of increased apoptosis in
our sarcoma model.

In this study, we also evaluated the anti-angiogenic poten-
tial of obtustatin using the in vivo CAM assay. FGF2was used
to stimulate vessel growth, thus mimicking the pathologic
scenario observed in solid tumors. We considered three pa-
rameters for vessel quantification: vessel diameter, vascular
organization and directionality towards the inoculation site.
We found that obtustatin inhibited FGF2 induced angiogene-
sis by 17%.

Our results additionally demonstrated a lack of cytotoxicity
of obtustatin in vitro, even for the extremely high concentra-
tion of 90 μM. However, this is a striking contrast with the
previous study [4], which showed that 2 μM of obtustatin
efficiently killed 50% of the cells. A plausible explanation is
the different source of obtustatin used in two studies, purified
from venom at home laboratory vs. pure peptide (Tocris) in
our case. Residual venom components could be responsible
(alone or in association with obtustatin) for the apoptosis in-
duction previously observed [4]. Thus, future work is needed
in order to purify different protein fractions from the MLO
snake venom and identify peptides that synergize with
obtustatin in angiogenesis inhibition.

Our research could provide a better understanding of
the action mechanisms of obtustatin in STS to

subsequently design a targeted therapy for this group of poorly
responding tumors.
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