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Disintegrins

§ Family of disulfide-rich, stable peptides - originally isolated from
snake venom - also found in mammalian proteins (ADAMs)

§ Bind exclusively to activated integrins on cells

§ Derived from multi-domain proteins by proteolytic processing

§ Contain RGD (or alternate tripeptide) motif at tip of a flexible 11-
amino acid loop that is involved in integrin interaction

§ Range in size from small to medium to large and homo- and
hetero-dimeric

§ We purified contortrostatin (CN), a homodimer, from southern
copperhead venom



Proteomics:
Southern Copperhead Venom 

Reverse phase HPLC (C18 column) fractions analyzed by SDS-PAGE (reducing) - protein
bands eluted, identified by tryptic digestion and MALDI-TOF-TOF MS*.

PLA2, phospholipase A2; DC, disintegrin-like Cys-rich fragment; OHA, ohanin-like; CRISP,
cysteine-rich secretory protein; UNK, unknown; NGF, nerve growth factor; CTL, C-type
lectin-like protein; DIS, disintegrin; LAO, L-amino acid oxidase; PEP, peptides (SVMP
inhibitors); SP, serine proteinases; SVMP, snake venom metalloproteinases

*Lomonte et al., J. Proteomics 96:103-116, 2014



Snake Venom Disintegrins as 
Potent Anti-tumor Agents

§ Our data accumulated over 20 years indicates that through
specific ligation of activated integrins CN demonstrates strong
tumor growth inhibition by a combination of anti-invasive, anti-
angiogenic and anti-metastatic activities

§ Like all disintegrins directly purified from snake venoms, CN
shows excellent solubility and stability; our data also suggests
that CN is not immunogenic and can be safely infused into
laboratory animals (including canines and rodents) with no
observable adverse effects



§ A family of heterodimeric, transmembrane, cell
surface receptors that mediate interactions
between the extracellular matrix (ECM) and
important cellular subsystems

§ They form a physical link between the ECM
and the actin cytoskeleton thus connecting the
extracellular micro-environment to the
migratory apparatus, and ultimately to gene
expression via alternate pathways

§ Involved in many physiological (embryonic
development and proliferation, wound repair,
hemostasis, cell cycle, motility) and path-
ological processes (tumor angiogenesis, tumor
growth and metastasis, and coronary artery
reocclusion)

§ Their over-expression, mislocalization and
disregulated activity in cancer drives tumor
progression. Attractive targets for cancer
therapy

Integrins: Only Cellular Targets 
for Disintegrins

RGD Binding   
site



Problem with CN

While CN has been shown to be an effective anti-tumor
agent in breast, prostate, and ovarian cancer and glioma
animal models, there is one major problem:

AVAILABILITY – the protein exists as a small amount of the
total venom protein. Thus, quantities of venom necessary
to purify clinical amounts of CN are not possible, making
its translational development impractical



SOLUTION:
Make Recombinant CN

§ Very low levels of CN in venom (<1% of venom protein)

§ For ultimate goal of moving into clinical trials, we have
produced a recombinant version of CN

§ Develop a highly engineered bacterial (E. coli) expression
system to generate the recombinant disintegrin, which we call
vicrostatin (VCN)*

§ VCN represents an improvement over CN (easier and cheaper
to produce, is predominantly a monomer, and retains full
biological activity)

*Minea et al., PLoS One 5(6): e10929, 2010.



Vicrostatin (VCN): Engineered
Recombinant Derivative of CN

§ VCN a chimeric recombinant disintegrin rationally designed from native
venom-derived disintegrin (CN) with preserved RGD disintegrin fold at tip
of 11 amino acid loop*

§ Made as a chimera with thioredoxin in a bacterial (Origami B E. coli)
expression system that carries a double mutation in thioredoxin
reductase and glutathione reductase pathways

§ VCN design: improved integrin α5β1 affinity by inserting the C-terminal
tail of the viperid disintegrin (echistatin) in place of the C-terminus of CN

§ VCN binds to integrins producing anti-tumor, anti-invasive, and anti-
angiogenic activities

§ VCN is excellent drug candidate due to its manufacturability, solubility,
and stability; it can be safely administered with no evidence of toxicity or
immunogenicity

 TEV 
(21 bp)

CN                                                                       
(186 bp)

Echistatin COOH 
(18 bp)

BgIII Ncol

*Minea et al. (2010). PLoS One 5(6): e10929.



Vicrostatin: Structure & Isolation 
Vicrostatin (VCN) Sequence - 69 amino acids with proposed disulfide alignment

Molecule Summary:
§ Thioredoxin-VCN fusion protein

in bacterial cell lysates (lane 2)
is cleaved by TEV protease (lane
3). Mol. wt. markers (lane1)

§ Purified by ion exchange and RP
HPLC after cleavage (lane 4)

§ Active protein is monomer with
sequence very similar to CN

Kelley LA and Sternberg MJE. Nature 
Protocols 4, 363 - 371 (2009)
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VCN 3D Modeled Structure
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Mol. wt. = 7,146, binds integrins αvβ3‚ αvβ5, α5β1, αIIbβ3

C-term folds in close proximity 
to RGD site(except underlined regions)

FHA in CN 



Disintegrin Integrin Kd (nM)
αvβ3 α5β1 αvβ5

CN 6.6 191.3 19.5
VCN 7.4 15.2 41.2

CN and VCN Affinity for 
Selected Integrins

Fluorescence polarization (FP) used to determine binding kinetics. Differing
concentrations of pure active integrins were incubated with a constant amount of FITC-
VCN or FITC-CN. The sequence alteration in VCN has a significant effect on binding to
α5β1, but minimal impact on binding to αvβ3 or αvβ5



Different concentrations of VCN or CN were incubated with platelet rich plasma.
ADP induces platelet aggregation; CN or VCN are added one minute prior to ADP.
Both CN and VCN inhibit aggregation with an IC50 of ~60nM

VCN & CN have Identical Effect on 
ADP-induced Platelet Aggregation

sPeptide



VCN Induces Massive Actin 
Cytoskeleton Reorganization

HUVEC seeded in SFM on Matrigel, and treated for 3hr with FITC-VCN. Actin modifier
Cytochalasin D was used as positive control. Cells were fixed, permeabilized, stained
(Rhodamine-Phalloidin and Hoechst 33342) and imaged by confocal microscopy (x1,000,
bar = 20µm, Panel C). Identical effect is observed with cancer cells.



VCN IS NOT CYTOTOXIC:
Does Not Affect Viability of Cells

Cells were seeded in serum-free media in multiwell chamber slides on complete Matrigel
and allowed to adhere for 1hr. Cells were incubated for up to 48hr with either CN or VCN.
Untreated cells or cells exposed to the apoptosis inducer Staurosporine (STSP, 1µM) were
used as controls. The cells were fixed, TUNEL-stained and counterstained with Hoechst
33342. Cell death was plotted after digitally counting apoptosis events from images taken
from multiple experiments.



We Have an Active Agent -
but How to Deliver to the Tumor

§ In early tumor model studies CN delivered by daily
intratumor injection

§ Not a clinically relevant method of delivery

§ Urgent need to develop more effective delivery
method



Lipid Nanosome Drug 
Formulation

Nanosome entrapped VCN (LVCN)

Mixture of lipids

Purified VCN

Disintegrins can be easily and efficiently encapsulated into unilamelar nanosomes 
Phospholipids

Therapeutic protein: VCN

Formulation by Molecular Express, Inc., Los Angeles. Stock solutions of phospholipids and cholesterol
were prepared. Thin lipid films created (pipette aliquots of lipid solutions into round bottom flasks)
followed by solvent evaporation at 65oC under N2 and further drying under vacuum. VCN dissolved in
hydration buffer added to dried lipids. LVCN particles generated by probe sonication or homogenization.



Liposomal Delivery of VCN

§ The liposomal formulation of VCN is an effective delivery
method and clinically relevant (VCN encapsulated inside
liposomes: ~70-75% efficiency)

§ Long half-life in blood allows leakage through gaps between
cells lining the angiogenic vessels in tumors

§ Advantages of liposome-mediated drug delivery include:
(a) reduction of possible side effects due to “targeted” delivery
(b) shielding of immunogenic drugs from immune recognition
(c) possible decrease in dosing frequency
(d) facilitates delivery of drugs with short circulatory t½ such as VCN

(LVCN t½ = 24.8hr; VCN t½ ~ 4.6hr)
(e) delivers VCN to the tumor (passive accumulation) due to “leaky”

angiogenic vessels in the tumor



CWR22 PC Bone Metastasis Model

CWR22 androgen-dependent prostate cancer cells (100,000/10µL) injected into drilled
hole in tibia of nude mice. LVCN injected IV (100µg twice per week). Diameters of tibia on
control and injected side measured weekly and plotted as % size increase vs control



Treatment of Advanced 
Ovarian Cancer

§ 230,000 new cases worldwide each year with 140,000 deaths
§ The majority of cases of OC diagnosed at advanced stage - women with

distant disease 5-year survival rate is ~27%
§ Treatment of advanced OC: debulking surgery to remove intra-

peritoneal mets >1cm followed by chemotherapy with platinum-based
agents and/or taxanes

§ Significant survival benefit reported by NIH for surgically debulked
Stage III patients with IP chemo

§ Adding IP chemo to IV chemo produced significantly longer
progression free and overall survival

§ IP therapy clinical use is limited by agent toxicity and use of indwelling
catheter resulting in lack of patient compliance or patient withdrawal
from trials despite the improved survival benefit



Vehicle for Delivery of VCN
§ Oxiplex is a viscoelastic gel composed of polyethylene oxide

(PEO) and carboxymethyl cellulose (CMC) stabilized by CaCl2
§ It can be impregnated with VCN and injected IP and is slowly

degraded releasing VCN

§ Oxiplex is approved for use in Europe, Asia and Australia for
prevention of post-surgical adhesions

§ CMC is tissue adherent and acts as a barrier; PEO coats the
surface and inhibits deposition of proteins on tissue surfaces

§ Fibrin and fibrin gel matrix form fibrin bridges to interconnect
surfaces that leads to adhesions – but are blocked by PEO

§ Oxiplex has high viscosity, remains at site of injury promoting
wound healing and inhibiting fibrosis while releasing VCN

§ Envision for clinical application: paint peritoneal surface, after
debulking surgery, with VCN-Oxiplex and use in combo
therapy
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Release of VCN from Oxiplex is measured by release of soluble 125I-VCN.
VCN is released with an initial rapid rate of ~16% over the first 2 days. The
gel remains intact for >11 days releasing nearly 55% of the loaded VCN.

Oxiplex Release Characteristics



In vivo model for Gel delivery 
of VCN

§ 2x106 SKOV-3Luc cells delivered via IP injection (human ovarian cancer
cell line, integrin αvβ3, αvβ5 and α5β1 positive)

§ Initial study 3 animals per group - cells stably infected with luciferase
gene to monitor tumor growth

§ OC cells were allowed to implant and grow for 2 weeks, mice displayed
slightly enlarged abdomens

§ Treatment with gel initiated via IP injection weekly

§ Mice were sacrificed as abdominal distension became significant

§ Necropsy of animals plus luminescent imaging



SKOV-3Luc Tumor Bearing Mice: 
Oxiplex Alone

2 Weeks 4 Weeks 4 Weeks - at sacrifice (3 mice/group)
Left: arrows show gel injection sites 20g needles. 

Right: arrows in panel indicate tumor
Control: Optical imaging results

Red indicates highest luminescense



SKOV-3Luc Tumor Bearing  Mice: 
VCN-Oxiplex

2 Weeks 4 Weeks
(No visually observable tumor)Treat: 5mg/ml VCN in Oxiplex/week

4 Weeks - at time of sacrifice



In vivo model for OC Spheroids:
VCN-Oxiplex vs VCN-Saline

§ 2x106 SKOV-3Luc cells as spheroids delivered IP, 10 animals per group

§ Spheroids grown in 6-well plates coated with 1.5% polyHEMA (in 95%
EtOH), which forms a film to prevent attachment to surface

§ Cells (106/well) in complete media grown in suspension on polyHEMA
and assemble into spheroids (standard protocol)

§ OC spheroids were allowed to implant and grow for 4 days

§ Commonly believed that in the clinical setting spheroids are involved
in OC implantation and invasion – thus their study is clinically relevant

§ Treatment with VCN-Oxiplex or VCN-saline initiated via IP injection
weekly (5 mg VCN/week)

§ Mice were sacrificed as abdominal distension became significant

§ Necropsy of animals plus luminescent imaging



VCN-Saline VCN-Oxiplex

2 Weeks
post implantation

4 Weeks
post implantation

4 weeks post 
implantation
(necropsy)

Efficacy Comparison:  
VCN-Oxiplex vs VCN-

Saline in SKOV3Luc

Spheroid Model
100µl of SKOV-3Luc spheroids
(2x106 cells) were injected IP in
each of 10 nude mice/group.
Beginning on day 4 animals were
treated IP once weekly with 1 ml of
5mg/ml VCN impregnated in
Oxiplex or as a saline solution.
Animals were imaged weekly via
Xenogen imaging.

Control animals grow large tumors
rapidly which generally spread
throughout the peritoneal cavity
(arrows).

No visible tumors

Control



IP-VCN-saline

IP-VCN-Oxiplex

Control
Luminescent

Imaging 
Three groups of 10
mice each.
Representative mice
same as last slide,
after four weeks of
treatment.

Efficacy Comparison (Cont’d)



Conclusions
§ VCN is easily produced in sufficient quantities for clinical use
§ VCN binds specifically to integrins (αvβ3, αvβ5, α5β1, αIIbβ3)

blocking several steps involved in tumor growth and spread
§ VCN is non-toxic, targeting only activated integrins in

remodeling or motile cells such as tumors
§ VCN may have an advantage as an anti-cancer agent because

of its powerful anti-invasive (anti-metastatic) activity
§ Structure of VCN combines the RGD motif & other amino acids

in RGD loop, with the COOH-tail which forms a conformational
epitope with RGD loop, enhancing integrin binding

§ VCN shows excellent anti-tumor activity, has no detectable
immunogenicity and can be infused into laboratory animals
with no observable adverse effects

§ Has significant potential for clinical translation
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