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Increased vascular permeability and vasodilation are responses usually elicited by snake envenomation.
In this report, we isolated from Macrovipera lebetina venom two protein groups designated IC1 (Increas-
ing Capillary1) and IC2 based on their activities on capillary permeability. Mass spectrometry analysis
showed that IC1 contained four major proteins of 23,650, 24,306, 24,589 and 24,718 Da, whereas IC2 con-
tained three major proteins of 25,101, 25,194 and 25,298 Da. N-terminal amino-acid sequencing revealed
that IC1 and IC2 belong to the snake venom VEGF (svVEGF) family. IC1 and IC2 had a marked specificity
for VEGFR-2, with affinities in the nanomolar range. Interestingly, they also bind to NRP1 and NRP2, with
affinities in the micromolar range. This is the first report demonstrating that M. lebetina encodes several
distinct svVEGFs, endowed with a capacity to interact with neuropilins. IC1 and IC2 could be valuable

tools to understand the molecular properties of angiogenic factors and their receptors.

© 2009 Elsevier Inc. All rights reserved.

Introduction

Snake venoms represent an extraordinary source of biologically
active molecules. For instance, it has been shown that several ve-
nom proteins are able to induce endothelial cell growth and angi-
ogenesis [1]. These proteins are closely related to the human
vascular endothelial growth factor (VEGF), and are capable of
strongly increasing capillary permeability, thereby presumably
facilitating the access of neurotoxic venom components to their
target cells. These snake venom VEGFs (svVEGFs) may be very use-
ful and attractive tools for the study of angiogenesis and the treat-
ment of cardiovascular diseases.

Human VEGF is a family of several isoforms, the most abundant
of which is VEGF-A;gs. This factor mediates its diverse biological
activities through two members of the transmembrane receptor-
type tyrosine kinase family, called VEGFR-1 (Flt-1) and VEGFR-2
(KDR). Studies have indicated that VEGFR-1 is the dominant VEGF
receptor on monocytes and is involved in chemotaxis and tissue fac-
tor activation, as well as in signaling and recruitment of stem cells
and endothelial precursor cells [2]. VEGFR-2 is considered to be
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the main signal transducing VEGF receptor for capillary permeabil-
ity, angiogenesis and mitogenesis of endothelial cells. An additional
family of receptors, the neuropilins (NRPs), appears to play a role as
VEGF co-receptors in the modulation of binding to other receptors,
without being directly active in signaling [2]. For instance, NRP1 en-
hances the binding of VEGF-A;¢5 to VEGFR-2 [3], and regulates angi-
ogenesis through a VEGF-dependent pathway [4].

sVVEGFs are disulfide linked homodimers of about 25 kDa with
approximately 50% sequence identity with VEGF-A;gs.

We have previously isolated, from the venom of Macrovipera lebe-
tina, a VEGF-like protein that we designated ICPP (Increasing Capil-
lary Permeability Protein), based on its potent ability to increase
capillary permeability in mice [5]. ICPP-induced capillary perme-
ability, angiogenesis, endothelial cell mitogenicity, and MAP kinase
activation were all mediated through VEGF receptor signaling [6].

In this report, we demonstrate that M. lebetina venom in fact
contains a variety of proteins belonging to the svVEGF family
which preferentially bind to VEGFR-2. This is the first report show-
ing a binding capacity of svWEGF to NRP1 and NRP2.

Materials and methods

Materials. Macrovipera lebetina transmediteranea venom was ob-
tained from live snake specimens, maintained in the serpentarium
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of Institut Pasteur de Tunis (Tunisia). Human VEGF-A;es, VEGFR-1/
Fc and VEGFR-2/Fc were from ReliaTech (Braunschweig, Germany),
rat NRP1/Fc and NRP2/Fc, carrier free VEGF-Ag5, and goat anti-hu-
man NRP2 antibody were from R&D Systems (Minneapolis, MN).
Goat anti-NRP, IgG antibodies were from Santa Cruz Biotechnology,
Inc. (Santa Cruz, CA). Rabbit anti-VEGFR-2 antibody was from Cell
Signaling Technology, Inc. (Danvers, MA). '?’I-sodium was from
PerkinElmer Life Sciences, Inc., and the I0DO-BEADS® and DSS
(Disuccinimidyl Suberate) were from Pierce Biotechnology. NAP 5
Columns and Protein G-Sepharose™ 4 Fast Flow were from GE
Healthcare (Uppsala, Sweden).

sVVEGFs purification and protein analysis. Fractionation of M.
lebetina venom was performed by successive chromatographic
steps as previously described [5]. The venom samples were applied
onto a Superose 12 prep grade column, and the fractions found to
induce capillary permeability in mice, were then successively
loaded on a Mono Q and Mono S columns (HR5/5), followed by a
RP-8 chromatographic step. SDS-PAGE was performed on an 8-
25% polyacrylamide gradient gel under reducing or non-reducing
conditions according to Laemmli [7]. Protein concentration was
estimated by Lowry method [8]. Molecular masses were accom-
plished by mass spectrometry (MALDI-TOF-MS) on a Voyager DE
STR instrument as previously described [6]. The N-terminal ami-
no-acid sequence was determined by Edman degradation after
chemically unblocking [9], by an Applied Biosystems Procise 490
sequencer.

Capillary permeability assay. Capillary permeability activities of
proteins were tested in white Swiss mice, C57 black mice and Wis-
tar rats using the Miles permeability assay [10]. Experiments on
animals were carried out in accordance with the European Com-
munity Council Directive (86/609/EEC). Animals (n =4 per group)
were injected as previously described [6] with some modifications
for rats that were given 1 ml of a 2.5% of the blue dye solution. PBS
was used as negative control.

Surface plasmon resonance analysis. The VEGFR-1/Fc, VEGFR-2/
Fc, NRP1/Fc and NRP2/Fc chimeras were covalently coupled,
through their solvent-accessible primary amine groups, to the
CM5 sensor chip, using a Biacore 2000 instrument and the Amine
Coupling Kit (Biacore), according to manufacturer’s instructions.
Just prior to injection, NRP1/Fc, NRP2/Fc, VEGFR-1/Fc and VEGFR-
2/Fc were diluted to a concentration of 20 nM in 10 mM sodium
acetate (pH 5.2 for neuropilins and pH 4.5 for VEGF-R1/R2). VEG-
FR-1/Fc, VEGFR-2/Fc, NRP1/Fc and NRP2/Fc were immobilized to
2100, 2900, 3200 and 3300 resonance units (RU~ pgmm 2),
respectively. Binding assays were performed at 25 °C in PBS. Con-
centrations from 4 nM to 4 uM of IC1 or IC2 were injected at a flow
rate of 30 pl/min on the VEGFR-1, VEGFR-2, NRP1 and NRP2 sur-
faces, as well as on an unmodified CM5 reference surface. Control
experiments were performed using VEGF-Ag5 (0.1-20 nM). Regen-
eration was performed with 1 M MgCl, for 1 min. The equilibrium
dissociation constant (Ky) values were calculated from the steady-
state SPR responses. The association and the dissociation profiles
were further analyzed by BlAevaluation 4.1 software (Biacore),
using single-exponential functions of time (Langmuir monovalent
binding model) or equations taking into account the dimeric nat-
ure of the svWEGFs and VEGF-Ag5 (bivalent analyte model).

Cell culture. Parental Porcine Aortic Endothelial Cells (PAEC) and
PAEC expressing VEGFR-2 (PAEC VEGFR-2) were kindly provided by
Dr. Lena Claesson-Welsh (University of Uppsala, Uppsala, Sweden).
PAEC NRP1 and NRP2 were established as previously described
[3,11]. PAECs were grown in Ham’s F-12 medium containing 10%
FBS and 1-glutamine/penicillin G/streptomycin sulfate.

Binding and cross-linking studies of '?°I-IC1 and '®’I-IC2 to stable
PAEC VEGFR-2, NRP1 or NRP2 lines. IC1, IC2 and VEGF-A;¢5 were
iodinated using the IODO-BEADS® method as previously described
[3]. Specific activities of about 10,000-35,000 cpm/ng, for IC1 and

IC2, and 50,000-80,000 cpm/ng for VEGF-A;gs, respectively, were
obtained.

For the competition binding experiments, PAEC VEGFR-2, NRP1
and NRP2 cells were incubated with 2°I-VEGF-A;g5 (5 ng/ml) in
binding buffer at increasing concentrations of cold VEGF-Ags, IC1
or IC2 as previously described [12]. The experiment was repeated
in duplicate at least twice. ICsq values were calculated from the
graphs using the Origin 5.0 software (Microcal, Inc., Northampton,
MA).

For the cross-linking experiments, cells were washed with ice-
cold PBS and incubated with the radioligands ('2°I-VEGF-A;g5 at
25 ng/ml, 1?51-IC1 at 100 ng/ml, or '?’I-IC2 at 100 ng/ml, respec-
tively) in the same experimental conditions described [12]. The
cross-linked complexes were immunoprecipitated overnight at
4 °C with anti-VEGFR-2, anti-NRP1 or anti-NRP2 antibodies, respec-
tively, or the correspondent isotype controls as described [12].

Results
Purification of the snake venom VEGFs

Snake M. lebetina venom was fractionated by successive size
exclusion and ion exchange chromatographies [5] (Fig. 1A). Two
fractions S3 and S5, with high capillary permeability activity,
eluted from a Mono S column successively at 0.14 and 0.18 M Na(l,
were then investigated by reverse phase C8 chromatography. One
peak from each fraction was potent in capillary permeability: IC1
from fraction S3 (Fig. 1B) and IC2 from fraction S5 (Fig. 1C). IC1
and IC2 appeared to be homogeneous as judged by further analysis
by RP-18 HPLC (Supplementary Fig. S1). Electrophoretic analysis by
SDS-PAGE under reducing and non-reducing conditions revealed
that, like ICPP, IC1 and IC2 were composed of disulfide linked di-
mers and had the same electrophoretic pattern (Fig. 1B and C,
inlet).

Protein analysis of IC1 and IC2

IC1 and IC2 were analyzed by MALDI-TOF spectrometry. Spectra
showed that each of them contained different molecular species.
IC1 revealed four peaks of 23650.02, 24306.46, 24589.65 and
24718.60 Da (Supplementary Fig. S2), with differences of 128.95,
285.14 and 656.46 Da between them. Assuming that these proteins
are dimeric, these differences are being consistent with the differ-
ences by at least three amino acids, explaining why they were not
separated [13]. The same phenomenon was observed with 1C2
which shows three well represented peaks at 25101.12, 25194.98
and 25298.81 Da. The main peak of 25101.12 Da could correspond
to ICPP, previously isolated [6], since its mass matches with that of
ICPP.

The N-terminal sequence of the first 13 amino-acid residues of
IC1 (EVRPFPEVYERIA) showed that it shared 84.6% and 53.8% sim-
ilarity (76.9% and 46.1% identity), with ICPP and human VEGF-Aqgs,
respectively (Fig. 1D). Three differences between IC1 and ICPP at
positions 7, 10 and 12 where noticed, suggesting that these differ-
ences could be genetically encoded and that IC1 are not a proteo-
lytic processing variant of ICPP.

Effects on capillary permeability

The activities of IC1 and IC2 on capillary permeability were
tested in three different animals: white mice, black mice and rats.
Although IC1 and IC2 seemed to have similar effects on white and
black mice, IC2 increased capillary permeability in rats approxi-
mately 2-fold more than IC1 (2.25 + 0.50 cm? versus 1.06 + 0.41)
(Fig. 2).
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Fig. 1. Purification and structural characterization of Macrovipera lebetina venom
VEGFs. (A) The fraction obtained after the gel filtration and anion exchange
chromatography steps (data not shown) was applied to a cation exchange Mono S
HR5/5 column eluted in 40 min at 1 ml/min with a gradient of 0-0.3 M NacCl. (B, C)
Isolation of IC1 from S3 and IC2 from S5 by HPLC. Solvents A and B were 0.1% TFA in
water and 0.1% TFA in acetonitrile, respectively. Proteins were eluted from the C8
column in 60 min at a flow of 0.8 ml/min by a linear gradient of 10-60% of solvent B.
IC1 and IC2 were detected at 214 nm and collected manually at 33 min and 34 min,
respectively. Inlet: purified fraction (2 pg) was analyzed by SDS-PAGE in reducing
(R) and non-reducing (NR) conditions. (D) Alignment and comparison of the N-
terminal sequence of IC1 with those of ICPP and human VEGF-A;gs. Residues
identical between IC1, ICPP and human VEGF-A;¢s are shaded in gray.

In vitro binding properties to the VEGF-A;¢5 receptors

To determine the specificity patterns and binding characteris-
tics of IC1 and IC2, we performed real-time surface plasmon reso-
nance (SPR) assays. Fig. 3 showed that both IC1 and IC2 displayed a
marked specificity for VEGFR-2 with virtually identical equilibrium
dissociation constants (Ky) in the nanomolar range. These affinities
were 10-fold lower than that of VEGF-Ag5 for VEGFR-2 (Fig. 3C and
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Fig. 2. Capillary permeability activity of IC1 and IC2 on different rodent species.
One microgram of IC1 or IC2 was injected intradermally on the back of animals
(Swiss mice, C57black/6 mice or Wistar rats). (A) Differential effect of IC1 and IC2 on
the penetration of blue dye-complexed albumin in the back of a Wistar rat (photo).
(B) Estimation of the areas of the circled blue spots. Data are expressed as the
mean = SD of triplicate experiments. BS: Buffered saline control (For interpretation
of the references to color in this figure legend, the reader is referred to the web
version of this article.)

Table 1). IC2 had a barely detectable binding on VEGFR-1 (Fig. 3A),
with an affinity 10,000-fold lower than for VEGFR-2 (Table 1).

Interestingly, we found that IC1 and IC2 bind to both NRP1 and
NRP2 (Fig. 3B and D) with affinities in the micromolar range (Table
1). IC2 bound to both NRP1 and NRP2 approximately 2-fold stron-
ger than IC1 (Fig. 3 and Table 1). The SPR association and dissoci-
ation profiles could not be correctly described assuming a simple
monovalent (Langmuir) svWEGF/receptor binding mechanism. This
could be in part due to the non-oriented covalent strategy of
immobilization of the NRP/Fcs [14] or to the intrinsic heterogene-
ity (polymorphism) of each IC protein group.

Competition of '?°I-VEGF-A;6s with IC1 or IC2 for binding to PAEC
VEGFR-2, NRP1 and NRP2

To confirm results obtained with SPR assays, we investigated
the ability of IC1 and IC2 to compete with 2°I-VEGF-Ag5 for
binding to PAEC stably expressing VEGFR-2, NRP1 or NRP2. Cold
VEGF-A;65 was used as a positive control. Results showed that
VEGF-A;65 (ICs50=1.7+0.3 nM) was slightly more effective than
IC2 (ICsp=2.9+ 0.6 nM) and IC1 (ICs0 = 3.9 £ 0.4 nM) in competing
for '2°I-VEGF-A, g5 binding (Fig. 4A and Table 2). On the contrary,
VEGF-A;65 was significantly more effective than IC1 and IC2 in dis-
placing '?°I-VEGF-A; g5 from the PAEC NRP1 cell surface (Fig. 4B). At
high concentration (4 uM) of IC1 and IC2, only 50% and 70%,
respectively, of the total '>°I-VEGF-A;¢5 were displaced with IC5qs
of 4.1 uM and 2.95 puM, respectively (Table 2). Inhibition with
VEGF-A;65 reached a saturation at about 20nM (ICsp=1.5%
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Fig. 3. Macrovipera lebetina venom VEGFs interact differentially with VEGF receptors. Real-time SPR association and dissociation profiles corresponding to the injections of
IC1 (gray lines), IC2 (bold black lines) or VEGF-A;¢s (dashed lines) over immobilized VEGF receptors. (A) IC1 (2 uM), IC2 (2 uM) or VEGF-A;¢5 (5 nM) over VEGFR-1. (B) IC1
(2 puM), IC2 (2 pM) or VEGF-A+65 (20 nM) over NRP1. (C) IC1 (125 nM), IC2 (125 nM) or VEGF-A6s5 (5 nM) over VEGFR-2. (D) IC1 (2 pM), IC2 (2 uM) or VEGF-A;65 (20 nM) over

NRP2.

Table 1

Equilibrium dissociation constants (Kg) of the interactions between Macrovipera
lebetina venom VEGFs (IC1 and IC2) or human VEGF-A;¢s in solution, and immobilized
VEGF receptors (VEGFR-1, VEGFR-2, NRP1 or NRP2).

Immobilized VEGF in solution
VEGF

IC1 Ic2 VEGF-Aqg5
I'ECE]JIOI'S
VEGFR-1 N.D. 21 (#8)x 10°M 9.1 (¢3.2)x 107 ''M
VEGFR-2 1.5 (20.6) x 10°M 1.6 (¥0.5) x 10°°M 1.5 (20.5) x 107 1°M
NRP1 48 (#13)x 10°°M 2.5 (20.5) x 100°M 3.8 (¥0.5) x 10°°M
NRP2 20 (#1.1) x 10°°M 8.1 (¥1.4)x 10’M 9.7 (#1.8) x 10°°M

0.7 nM). On PAEC NRP2, VEGF-Ag5 was still the best competitor
(IC50 = 2.6 £ 1.1 nM) (Fig. 4C and Table 2). However, on these cells,
the ICsq for IC2, (42.0 £ 10.9 nM) was significantly lower than that
on PAEC NRP1, while the ICso for IC1 (4.1 M) was in the same
range to its ICso on PAEC NRP1 (Table 2).

Cross-linking of '?°I-IC1 and '?°I-IC2 to PAEC NRP1 and NRP2

In order to confirm the interaction of svWEGFs with VEGF co-
receptors, we investigated the ability of IC1 and IC2 to bind both
NRP1 and NRP2 expressed on endothelial cells. Fig. 4D showed that
1251_1C2 formed complexes with PAEC NRP1 or NRP2 which were
immunoprecipitated by the respective NRP1 and NRP2 antibodies,
but not by corresponding control IgGs (Fig. 4D, upper). Interest-
ingly, NRP2 was immunoprecipitated at a significantly lower level

than NRP1 (Fig. 4D). However similar results were obtained using
1251_VEGF-A;g5 as a positive control (data not shown). The differ-
ences between the NRP1 and NRP2 band intensities might there-
fore be due to different levels of expression of the two NRPs in
transfected PAEC, rather than to differences in affinities. As for
IC1, while complexes with PAEC NRP1 were readily observed,
although in lower amounts than for IC2, the band for NRP2 was be-
low the threshold of detection (Fig. 4D, lower). Finally, as expected,
we observed that IC1 and IC2, as well as VEGF-A;g4s5, formed com-
plexes with PAEC VEGFR-2 (data not shown).

Discussion

Snake venom VEGFs (svVEGFs) play a crucial role in the dissem-
ination of the venom toxins in diverse preys. Previous studies
suggested that the venom of M. lebetina contains only one sVWEGF
called ICPP [6,15]. This protein mediates its activities through VEG-
FR-2 and possibly VEGFR-1 [6].

In the present study, we showed that the venom of M. lebetina
in fact contains several others VEGFs. In deed, we identified two
distinct protein groups IC1 and IC2 based on their capillary perme-
ability activity with molecular masses ranging from 23,650 to
25,298 Da. Attempts to isolate each individual protein from the
two protein groups according to their molecular masses (gel filtra-
tion), their charges (anion and cation exchange chromatography)
and their hydrophobicity (RP-18 HPLC) did not succeed. This was
also the case for others peptides from the same venom [13].
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Fig. 4. Competition and cross-linking experiments on endothelial cells. PAEC
VEGFR-2 (A), NRP1 (B) and NRP2 (C) were incubated in a 48-well plate with '2°I-
VEGF-As65 (5 ng/ml) at increasing concentrations of cold VEGF-A;g5 (M), cold 1C2
(A) or cold IC1 (O) for 1 h at 4 °C. After lysis, the cell-associated radioactivity was
measured in a y-counter. The results are expressed as percentages of cell-bound
radioligand. (D) PAE cells transfected with NRP1 or NRP2 were incubated with '2°I-
IC2 (100 ng/ml) (upper) or '?°I-IC1 (100 ng/ml) (lower). The cross-linked complexes
were immunoprecipitated with anti-NRP1, -NRP2 or isotype control IgG antibodies
and resolved by SDS-PAGE on a 7.5% acrylamide gel. The corresponding autorad-
iographies are shown.

The existence of molecular svWEGF polymorphism has been re-
ported in different snake venoms by several groups. Komori et al.
[16] postulated that these could be due to protease cleavage during
the process of purification or storage. Other groups attributed
these variations to either differences in the primary amino-acid se-
quences, alternative splicing or post-translational modifications
[17]. More recently, Boldrini-Franca et al. [18] identified seven ex-
pressed sequence tags classified as svWEGFs from Crotallus durissus
collilineatus venom gland cDNA library. In our case, N-terminal
sequencing of IC1 reveals 13 amino acids that differ from that of
ICPP by three residues showing that it consists of distinct isoforms.

Table 2
ICs0s corresponding to the inhibition of '2°I-VEGF-A;gs binding to PAEC VEGFR-2,
NRP1 and NRP2 by VEGF-A;¢s, IC1 and IC2.

Ligands ICso
PAEC VEGFR-2

PAEC NRP1
1.7 (x0.3) x 10°M 1.5 (20.7) x 10°°M

PAEC NRP2
26 (£¥1.1) x 10°°M

VEGE-

Aies
IC1 3.9 (£0.4) x 10°°M 4100 (+1000) x 10°M 4100 (+300) x 10~° M
Ic2 2.9 (20.6) x 10°°M 2950 (2450) x 10°°M  42.0 (+10.9) x 10°M

Our SPR experiments showed that the M. lebetina venom IC1
and IC2 are capable of forming very stable complexes with VEG-
FR-2 (t1)2 = In 2[kofr == 900 s), similar to vammin from Vipera ammo-
dytes ammodytes [19]. At high concentrations, a faint VEGFR-1
binding could be detected for IC2 and none for IC1 (Fig. 3A). How-
ever, it is very unlikely that such a weak binding at these high con-
centrations has any biological significance. Contrary to svVEGFs
from the Viperinae sub-family, VEGFs from the Crotalinae sub-
family have been shown to bind preferentially to VEGFR-1
[20,21]. IC1 and IC2 were also able to interact with NRP1 and
NRP2 at a comparable concentration range of that of Tuftsin
(TKPR), an analog of VEGF-A;gs exon8 [22]. This novel binding
capacity of IC1 and IC2 to neuropilins could reflect genuine individ-
ual characteristics of the svWEGFs of M. lebetina arising from evol-
utive divergence.

Crystal structure of Tuftsin with the B domain of NRP1 demon-
strates that exon8 contributes to the binding of VEGF-Ag5 to NRPs
[23]. Interestingly, the C-terminus of ICPP (EKPR) [6], the main
component of IC2, reveals high homology to VEGF exon8
(CDKPRR). This suggests that the interaction of IC2 with NRP1 is
mediated in part by its C-terminal residues. Although the biological
relevance of this interaction is not yet well understood, two possi-
bilities can be proposed: either neuropilins can act as co-receptors
for svWEGFs, enhancing signal transduction via VEGFR-2 (as in the
case of VEGF-A), or the interaction with neuropilins results in the
triggering of other unknown biological functions during
envenomation.

In accordance with SPR results, competition binding experi-
ments showed that IC1, IC2 and VEGF-A;¢s5 share similar binding
properties to VEGFR-2. However, VEGF-Ag5 was a better ligand
for neuropilins. IC2, while being a weak competitor of '2°I-VEGF-
Aqss for binding to NRP1, appears to be more effective competitor
for binding to NRP2 (Table 2). The expression pattern of the two
neuropilins in the vascular system is compartmentalized. NRP1 is
specifically expressed in arteries, which stimulation modulates
the immune system [24], and is involved in axonal guidance [25],
endothelial permeability [26] and inflammation [27]. NRP2 is on
the contrary, specifically expressed in veins and lymphatics
[28,29]. Thus, the interaction capacity and selectivity of IC2 for
NRP2 may have interesting therapeutic implications.

Interestingly, IC1 and IC2 also showed slightly different speci-
ficity patterns when assaying their effect on capillary permeability
in different rodent species. Yamazaki et al. [30] have recently pub-
lished a large overview of the diversity of the svWEGF family among
different species, and studied the mechanism by which the poly-
morphism is generated. The novelty of our study is that we show
that svVEGF polymorphism occurs not only among species, but
also within a same species, most probably through gene duplica-
tion and diversification. Future studies should allow a better
understanding of the mechanism of diversity generation among
the proteins composing snake venoms and should also be helpful
for the design of peptidomimetic inhibitors of angiogenesis in can-
cer therapy. Moreover, these VEGF-mimetic molecules could be
useful to stimulate revascularization in ischemic diseases, since



Z. Aloui et al./Biochemical and Biophysical Research Communications 389 (2009) 10-15 15

they could promote endothelial cell survival and migration
through their interaction with neuropilins.
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