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Membrane-anchored ephrinB2 and its re- 

ceptor EphB4 are involved in the forma- 

tion of blood and lymphatic vessels in 

normal and pathologic conditions. Eph/ 

ephrin activation requires cell-cell interac- 

tions and leads to bidirectional signaling 

pathways in both ligand- and receptor- 

expressing cells. To investigate the func- 

tional consequences of blocking eph- 

rinB2 activity, 2 highly specific human 

single-chain Fv (scFv) Ab fragments 

against ephrinB2 were generated and 

characterized.  Both Ab  fragments  sup- 

pressed endothelial cell migration and 

tube formation in vitro in response to 

VEGF and provoked abnormal cell motil- 

ity and actin cytoskeleton alterations in 

isolated endothelial cells. As only one of 

them (B11) competed for binding of eph- 

rinB2 to EphB4, these data suggest an 

EphB-receptor–independent blocking 

mechanism. Anti-ephrinB2 therapy re- 

duced VEGF-induced neovascularization 

in a mouse Matrigel plug assay. More- 

over, systemic administration of ephrinB2- 

blocking Abs caused a drastic reduction 

in the number of blood and lymphatic 

vessels in xenografted mice and a con- 

comitant reduction in tumor growth. Our 

results show for the first time that spe- 

cific Ab-based ephrinB2 targeting may 

represent an effective therapeutic strat- 

egy to be used as an alternative or in 

combination with existing antiangiogenic 

drugs for treating patients with cancer 

and other angiogenesis-related diseases. 

(Blood. 2012;119(19):4565-4576) 

 

Introduction      
 

Angiogenesis and lymphangiogenesis are highly complex coordi- 

nated processes through which new blood and lymphatic vessels, 

respectively, arise from preexisting ones.1,2 Angiogenesis occurs 

physiologically during embryonic development, tissue repair (ie, 

wound healing), and menstruation, but it is also important in the 

pathogenesis of many diseases such as tumor growth and metasta- 

sis.3 Because most tumors cannot grow and disseminate in the 

absence of new blood vessel formation, inhibition of the signaling 

pathways underlying pathologic angiogenesis is an important 

potential target for anticancer therapy.4 The process of lymphangio- 

genesis is less well understood, however, the mechanisms regulat- 

ing development and growth of lymphatic vessels have recently 

emerged as a very interesting field in cancer research, as they 

represent an important venue for metastatic dissemination.5 

The well-established role of VEGF in promoting tumor angio- 

genesis has led to the development of therapeutic agents, including 

engineered mAbs and small molecule inhibitors such as bevaci- 

zumab (Avastin), sunitinib, and sorafenib6-8  which selectively 

target VEGF/VEGF receptor pathways and have demonstrated 

promising clinical utility in treating solid neoplasms.9 However, 

these VEGF-based treatments may result in only transient clinical 

benefits and tumors eventually develop a resistance to therapy and 

may exhibit a progression to greater malignancy.10 Therefore, there 

is an urgent need to develop new agents targeting other pathways 

 
involved in angiogenesis that could be translated into more robust 

therapeutic outcomes to replace or complement existing therapies. 

A group of signaling molecules, the ephrins and their receptors 

(Eph), has recently emerged as attractive therapeutic targets 

because their pathways play critical roles in the development and 

maturation of the blood and lymphatic vascular systems.11,12 

Eph receptor tyrosine kinases and their ligands, ephrins, control 

several cellular functions such as cell migration and cytoskeletal 

organization.13,14 Ephrins are a family of cell-surface proteins 

linked to the cell membrane either by a GPI anchor (class A) or by a 

single transmembrane segment (class B). They act as activating 

ligands for the Eph receptors, which are divided into 2 classes 

depending on the ephrins with which they interact, although limited 

crosstalk between both classes has also been described.15 An 

intriguing feature of Eph-ephrin signaling is that both, receptors 

and ligands, are able to transduce a downstream signaling cascade 

on interaction, resulting in bidirectional cell-to-cell communica- 

tion. Eph-activated signaling is termed “forward” and ephrin- 

activated signaling is named “reverse.” Eph receptors initiate 

forward signal transduction by autophosphorylation of several 

tyrosine residues located in the cytoplasmic part of the molecule in 

response to binding of clustered and membrane-attached ephrin 

ligands on adjacent cells. The reverse signaling activity is mediated 

by the C-terminal region of ephrins, which contains conserved 
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tyrosines susceptible to phosphorylation16  and a PDZ-binding 

domain, which can recruit PDZ domain-containing proteins on 

phosphorylation.17 In addition, recent evidence has highlighted the 

importance of processes such as endocytosis of Eph/ephrin mol- 

ecules coupled to the internalization of cell type-specific molecules 

with specialized functional roles such as AMPA receptors in 

neurons18 or VEGF receptors in endothelial cells.19,20 

In the blood vasculature, ephrinB2 is expressed on arterial 

angioblasts, endothelial cells (ECs) and perivascular mesenchymal 

cells, whereas one of its binding partners, the receptor EphB4, is 

specific of venous ECs.21 Targeted inactivation of either EphB4 or 

EfnB2 genes in mice leads to failure of embryonic vessel formation 

and early lethality, demonstrating their critical role during physi- 

ologic angiogenesis.22,23 This role of ephrinB2 also extends to 

tumor-derived angiogenesis and tumor growth.19,24 Moreover, 

ephrinB2 controls lymphangiogenesis20 and it has been recently 

shown that an ephrinB2 blocking peptide was able to suppress 

VEGF-induced lymphatic endothelial sprouting.25 The develop- 

ment and remodeling of the lymphatic vasculature have been 

reported  to  be  regulated  through  interactions  mediated  by  its 

PDZ-binding domain12; this domain is also involved in the 

regulation of endothelial cell motility.26 

Because the EphB4/ephrinB2 signaling is important in angiogen- 

esis, hampering this protein-protein interaction could have several 

potential medical applications in angiogenesis-based diseases such 

as in tumor growth and metastasis. In fact, several groups have 

demonstrated that the monomeric soluble extracellular domain of 

EphB4 is able to block ephrinB2 interaction with its receptor, 

leading to inhibition of angiogenesis and tumor growth.27,28 Here, 

we bring for the first time the proof of concept of the antiangiogenic 

efficacy of blocking ephrinB2 with highly specific human Abs in 

vitro and in vivo, showing a potent antitumor activity in different 

human cancer xenografts models in mice, which might have 

potential therapeutic applications. 

EDTA, washed twice in PBS, and resuspended in medium supplemented 

with 10% FBS. The cell suspensions were preincubated with 100 jLg/mL 

specific scFvs or controls for 15 minutes and plated onto the surface of the 

polymerized Matrigel (1.5 X 104  cells/well). After 6-hour incubation at 

37°C, 5% CO2, triplicate pictures were taken for each well using an inverted 

phase contrast microscope (Nikon). The number and length of the cord-like 

structures were measured in randomly selected fields. 

 
Cell migration assays 
 

Cell invasion was tested in transwell Boyden chambers with a gelatin- 

coated polycarbonated filter (8-jLm pore size, 0.1% w/v gelatin; Corning 

Life Sciences). A total of 1 X 105 cells were plated into the upper (pre-filter) 

well compartment containing 100 jLL of complete medium supplemented 

with 0.5% FBS, in the absence or presence of scFv (100 jLg/mL = 3jLM) 

and/or  EphB4-Fc  (2.5 jLg/mL; R&D  Systems).  Lower  (postfilter) well 

compartment were filled with complete medium supplemented with 10% 

FBS as a cell attractant. After a 48-hour incubation period at 37°C, 5% CO2, 

media were removed and cells were fixed with 4% paraformaldehyde (PFA) 

in PBS for 10 minutes at room temperature, and were then stained with 

1 mg/mL DAPI (4'-6-diamino-2-phenylindole) for 10 minutes. Finally, cell 

invasion was analyzed by DAPI-positive nucleus counting at the top and the 

bottom of the chamber’s filter using a Leica TCS SP5 confocal microscope 

equipped with a resonant scanner, a dry 20X Plan Apochromatic, 0.7 AN 

objective, and Leica LAS AF (Version 2.4.1) for image capturing, and the 

Imaris software (Bitplane) for image analysis. 

Cell migration in scratch assays was also tested. Cells were grown to 

confluence in 24-well plates. After 1-hour incubation with starving media 

(0.5% FBS), culture dishes were scratched with a pipette tip and cells were 

then incubated in the absence or presence of 100 jLg/mL of the correspond- 

ing scFv using 100 ng/mL VEGF (PeproTech) as proangiogenic stimulus. 

The rate of wound closure was calculated by capturing images over a 

24-hour period using a Leica AF6000 Workstation equipped with a dry 10X 

Plan Apochromatic, 0.4 AN objective, a Hamamatsu ORCA-AG CCD 

camera and Leica LAS AF software (Version 2.4.1). Lateral migration was 

measured as percentage of migrated area from time 0 to 24 hours using the 

Leica LAS AF software. 

 

   Random motility assays 
 

Methods 
 

Selection, production, and purification of anti-ephrinB2 

scFv Abs 

All experimental procedures were performed in accordance with institu- 

tional animal welfare guidelines and approved by the Research Ethics and 

Animal Welfare Committee of the Instituto de Salud Carlos III. Human 

phage Ab libraries were used for panning as previously described.29  The 

recombinant extracellular region of human ephrinB2 fused to Fc domain of 

human IgG was used as the Ag source. This chimera was overexpressed by 

transient transfection of HEK293-EBNA cells using linear polyethyleni- 

mine (PEI; Polysciences) as the transfection reagent and purified from 

culture medium by affinity chromatography using protein A columns (GE 

Healthcare) on an Ä KTA system (GE Healthcare). Unique and specific 

soluble scFvs were identified by ELISA and DNA sequencing. 

The expression and purification of His- and c-myc–tagged scFvs from 

selected  bacterial  clones  were  carried  out  as  previously  described.29
 

Endotoxin was removed from purified scFvs, using polymixin B-based 

Detoxi-Gel Endotoxin Removing Gel (Thermo Scientific) according to the 

manufacturer’s instructions. The eluted fractions were assayed for endo- 

toxin content by using the Limulus Amebocyte Lysate (LAL) QCL-1000 kit 

(Lonza). 

 
Endothelial cell tube formation assay 

 

Ninety-six–well plates were coated with 50 jLL/well Matrigel (BD Biosci- 

ences) which was allowed to solidify at 37°C for 30 minutes, according to 

the  manufacturer’s  instructions.  HUVECs  were  detached  with  100mM 

 

Enhanced GFP (EGFP)–transfected HUVECs were treated with 100 jLg/mL 

of the corresponding scFv or left untreated as control in complete medium 

for 24 hours at 37°C, 5% CO2. After Ab addition, the recording was started 

by acquiring fluorescence images every 10 minutes using a Leica AF6000 

Workstation equipped with a dry 10X Plan Apochromatic, 0.4 AN 

objective, a Hamamatsu ORCA-AG CCD camera, and Leica LAS AF 

software (Version 2.4.1). Cell tracking analysis and statistics were per- 

formed with Imaris software (Bitplane). 

 
Murine Matrigel plug angiogenesis assay 
 

To test whether ephrinB2-specific scFvs were able to target neovasculature, 

growth factor–depleted Matrigel (BD Biosciences) in liquid form at 4°C 

was supplemented with heparin (6.6 jLg/mL) and VEGF (250 ng/mL) and 

was injected subcutaneously into the thoracic area of anesthetized 6-week- 

old female nu/nu mice. EphrinB2-specific scFvs and an irrelevant scFv 

were labeled with Alexa Fluor 750 by using the SAIVI Rapid Antibody Kit 

(Invitrogen Life Technologies) following the manufacturer’s instructions. 

On day 5, when vasculature was macroscopically observed, mice were 

injected IV with 100 jLg of each Alexa 750–labeled scFv. Eight hours after 

injection, animals were killed, plugs were excised, and briefly stored at 4°C 

in PBS with 5% FBS before imaging acquisition. Fluorescence signal on 

plugs was acquired using an IVIS-200 small animal imaging system 

(Caliper Life Sciences). 

To study the antiangiogenic capability of ephrinB2-specific scFvs, 

Matrigel plugs were implanted subcutaneously in nude mice as described in 

this section, and groups of 6 animals each were treated intravenously with a 

total  dose  of  15 mg/kg  of  specific and  irrelevant  scFvs  distributed  in 

3 injections over a period of 10 days. Groups of mice were also inoculated 



 

 
 

 
Figure 1. Characterization of selected ephrinB2-specific scFvs. (A) Specificity of scFvs for human ephrinB2-Fc (EB2) but not for other related members of the protein 

family, mouse ephrinB1-Fc (EB1) and human ephrinB3-Fc (EB3) by Western blot. Commercial anti–mouse ephrinB2 polyclonal Ab was used as control. (B) Flow cytometric 

analysis showing the specificity of B11 and 2B1 to ephrinB2 in native form. HEK293T cells overexpressing human ephrinB1 (left panel), ephrinB2 (middle panel), or ephrinB3 

(right panel) were subjected to flow cytometry for detection of B11 and 2B1 binding. As positive controls, specific antisera of each member of the ephrinB family (aeB1, aeB2, 

and aeB3) were used (lower histograms of each panel). Incubations omitting the specific Abs were used as negative controls. (C) SPR sensorgrams of ephrinB2-specific 

scFvs, B11 on the left panel and 2B1 on the right, binding to immobilized ephrinB2-Fc are shown. The sensograms were corrected for response differences between the active 

and reference flow cells. EphrinB2-Fc was immobilized on CM5 chips and scFvs were passed over at concentration ranges noted on each sensorgram, giving affinity constants 

(KD) of 110nM for B11 and 630nM for 2B1. (D) Inhibition assays using SPR for detection of bound ephrinB2. Serial dilutions of scFv B11 (F) or 2B1 (E) were mixed with 0.2jLM 

ephrinB2-Fc and injected over an immobilized sEphB4 on a CM5 chip. The relative amount of ephrinB2 binding to sEphB4 was measured immediately after injection of each 

sample and plotted as a function of scFv concentration. Mean values are shown with error bars indicating the SD (n = 3). (E) Activation of EphB4 receptor by tyrosine 

phosphorylation in HUVECs as a response to interaction with membrane-bound ephrinB2 in the absence or presence of ephrinB2-specific scFv in a cell-based assay. 

HEK293T cells overexpressing ephrinB2 were overlaid on HUVE cells with or without the corresponding scFv. Total (bottom panel) and phosphorylated EphB4s (top panel) 

after immunoprecipitation (IP) by Western blot (WB) with the respective Abs are shown. (F) Analysis of EphB4-induced ephrinB2 tyrosine phosphorylation in the absence or 

presence of B11 and 2B1. HEK293T cells transfected with c-myc–tagged ephrinB2 were treated as indicated and the corresponding cell extracts were immunoprecipitated with 

anti-c-myc Ab. Total (bottom panel) and phosphorylated (top panel) ephrinB2 were detected by Western blot. The graph on the right showed average levels of 

tyrosine-phosphorylated ephrinB2, quantified from 3 different immunoblotting experiments. Graph shows normalized results (means ± SD). 

 
 

with Matrigel plugs supplemented with either vehicle (PBS) or VEGF 

(250 ng/mL) and left untreated as negative and positive controls, respec- 

tively. Then, Matrigel plugs were excised and divided into 2 parts: one was 

processed for IHC and the other part was used to determine hemoglobin 

concentration. For immunohistochemical analyses, plug pieces were fixed 

in 10% buffered formalin (Sigma-Aldrich), and embedded in paraffin. 

Identification of the endothelial cell population was carried out by CD34 

staining with a specific rabbit mAb (Abcam) and counterstained with 

hematoxylin. Slides were scanned and images were captured and counted 

using the Carl Zeiss Mirax Scan and Axiovision 4.8 image processing 

system (Carl Zeiss MicroImaging). The other Matrigel blocks were 

homogenized in distilled water, spun at 13 000g, and supernatants were 

collected for hemoglobin measurement. Each supernatant was diluted 1:1 

with TMB (3,3',5,5'-tetramethylbenzidine; Sigma-Aldrich) and optical 

densities at 620 nm were measured in a microplate reader (Bio-Rad). Values 

were normalized to the plug weight. 

Tumor xenografts 
 

Log-phase  BxPC3  carcinoma  pancreatic  cells  (1 X 106)  in  PBS  were 

implanted subcutaneously into the flank of SCID mice on day 0. Tumors 

were measured 3 times a week using a caliper, and tumor volume was 

calculated  using  the  formula:  V = length X (width)2 X 0.5.  When  the 

mean tumor volume reached = 30 mm3, mice were randomized into groups 

of 10 and were treated with IV injections of B11 or 2B1 diluted in 0.2 mL of 

PBS once every other day until reaching a total dose of 20 mg/kg. Control 

animals were given vehicle (PBS) alone. Tumor sizes were monitored at 

least  twice  a  week.  SW620  colon  carcinoma  (5 X 106)  or  H460  lung 

carcinoma (5 X 106) cells stably expressing mCherry were subcutaneously 

injected in the back of female nu/nu mice (n = 4) on day 0. Treatment with 

B11 or 2B1 was initiated at day 4 following the schedule described in this 

section. Tumor size was followed by fluorescence imaging at 610 nm twice 

per week using an IVIS-200 small animal imaging system (Caliper Life 



 

 

 
Table 1. Amino acid sequences of CDRs within the VH and VL regions from ephrinB2-specific scFv clones 

 

scFv clones  CDR1 CDR2 CDR3 

VH     
A1 SYWIG  YPGDSDTRYGPSFQG HPAAAGTHDGFDI 

B11 DYYIH  WMNPSSGNTGYAQKFQGR DITGTATGFDY 

E4 SYAMH  VISYDGSNKYYADSVKGR DYGGYRYGYFDY 

2B1 DYAMH  GISWNSGSIGYADSVKGR GHRTSDAFDI 

VL     
A1 TGSSSNIGAGYDVH GNSNRPS AAWDDSLNGL 

B11 RSSQSLLHSNGYNYLD GSNRAS MQGLLSPVT 

E4 TGGGSNIGAGHDVH SNTNRP QSYDSSLSGWV 

2B1 GGDSIGLKSVH SDSDRPS QVWDSSSDHMV 

CDR indicates complementarity determining region; VH, heavy-chain V region; VL, light-chain V region; and scFv, single-chain Fv. 

 
 

Sciences) and photons emitted (represented as photons per second per 

square centimeter per steradian) from tumoral masses were quantified using 

Living Image software (Caliper Life Sciences). 

More information on the methods and materials can be found in 

supplemental Methods (available on the Blood Web site; see the Supplemen- 

tal Materials link at the top of the online article). 

EphrinB2-specific Abs inhibit HUVEC migration and tube 

formation 
 

The antiangiogenic activities of ephrinB2-specific Abs were tested 

in vitro (Figure 2). We first assessed the expression of ephrinB2 in 

endothelial cells (HUVECs). We found that HUVECs basal 

ephrinB2 expression was enhanced by VEGF treatment (supplemen- 

   tal Figure 2A). The selective binding of ephrinB2-specific scFvs to 

HUVECs, confirmed by FACS and immunofluorescence (supple- 

Results 
 

Identification and characterization of human Abs against 

ephrinB2 
 

We have developed anti-ephrinB2 human Abs using a phage 

display approach (Figure 1). A total of 29 ephrinB2 binders were 

identified by ELISA (supplemental Figure 1A) and 4 of them (A1, 

B11, E4, and 2B1 clones) were distinct as determined by DNA 

sequencing (Table 1). Two scFv clones, B11 and 2B1, were 

successfully produced in Escherichia coli. To exclude any possible 

complications  from  bacterial  endotoxins,  we  used  polymyxin 

B affinity chromatography to remove them from the purified scFv 

preparations (endotoxin level < 0.05 EU/mL). 

The selected scFvs were highly specific for ephrinB2 as they 

reacted with this ligand, but not with other related members of the 

protein family, measured by Western blot, flow cytometry, and 

ELISA (Figure 1A-B, and supplemental Figure 1C). Surface 

plasmon resonance (SPR) analysis indicated that the binding 

affinity constant (KD) of B11 and 2B1 were 110nM and 630nM, 

respectively (Figure 1C). Next, we determined the ability of these 

Abs to compete for binding to ephrinB2 with its natural receptor 

EphB4 by SPR. As shown in Figure 1D, B11 led to a significant 

dose-dependent decrease in the binding of ephrinB2 to EphB4 

(IC50 = 0.3jLM), while no blocking effect was found for 2B1 over 

the experimental concentration range. Likewise, B11 was able to 

block membrane-bound ephrinB2-induced EphB4 phosphorylation 

in a cell-based assay; by contrast, 2B1 did not affect ephrinB2- 

induced EphB4 activation (Figure 1E). These results established 

that B11, but not 2B1, competes with EphB4 for binding to 

ephrinB2 and blocks EphB4 signaling in the context of cell-cell 

contact. The effect of B11 and 2B1 Abs on EphB4-induced 

ephrinB2 phosphorylation was also tested. We assessed the phos- 

phorylation status of ephrinB2 in c-myc–tagged ephrinB2- 

transfected HEK293 cells, treated with combinations of clustered 

EphB4-Fc and each scFv. As shown in Figure 1F, EphB4-induced 

ephrinB2 phosphorylation was not significantly compromised by 

the presence of both scFvs indicating that B11 and 2B1 were not 

able to block ephrinB2-EphB4 interaction and receptor-induced 

phosphorylation of ephrinB2. 

mental  Figure  2B-C),  had  no  appreciable  cytotoxic  effects  on 

HUVECs (supplemental Figure 2D). 

To examine whether B11 and 2B1 scFvs affected the migratory 

capacity of endothelial cells, we performed transwell migration and 

wound healing assays. Transwell migration assays showed that in 

the presence of B11 and 2B1, the percentage of HUVEC migrated 

cells was reduced from 80% (untreated) to 50% and 40%, respectively 

(Figure 2A). In addition, activation of reverse ephrinB2 signaling by 

clustered EphB4-Fc slightly stimulated HUVEC migration with 95% of 

the migrating cell; however, ephrinB2-specific scFvs completely blocked 

EphB4-Fc–induced HUVEC migration. Moreover, ephrinB2-specific 

scFvs markedly inhibited the VEGF-induced lateral migration of 

HUVECs in wound healing assays, decreasing the percentage of 

migrated  cells  from  = 70%  (control/no  scFv)  to  25%  in  the 

presence of 3jLM B11 or to 30% of 3jLM 2B1, similar to that 

obtained in the absence of VEGF. As expected, HUVEC migration 

was not affected by an irrelevant scFv (Figure 2B). 

We next carried out in vitro Matrigel assays to analyze the effect 

of B11 and 2B1 on HUVEC morphologic differentiation (Figure 

2C). HUVEC treatment with either ephrinB2-specific scFvs signifi- 

cantly inhibited the formation of tube-like structures by > 40%, 

inducing a sheet-like monolayer pattern. Overall, these results 

provided strong evidence of the antiangiogenic activity of ephrinB2- 

specific scFvs in vitro, affecting endothelial cell migration and 

tubulogenesis. 
 

 
Effect of anti-ephrinB2 scFvs on single-cell random migration 
 

To further analyze the effect of anti-ephrinB2 Abs on endothelial 

cell migration independent of cell-cell interactions, we studied 

single-cell  random  migration  during  24 hours  with  treated  and 

control HUVECs expressing EGFP by using fluorescence time- 

lapse video microscopy. We observed that B11-treated cells 

displayed altered motility in comparison with nontreated cells 

(Figure 3A, and supplemental Videos 1-3). They appeared to be 

poorly spread with numerous unstable lamellipodial protrusions 

and frequent changes in overall direction of movement. The 

migration pattern of 2B1-treated cells was also erratic, less 

pronounced though. By contrast, control cells appeared polarized, 



 

 
 

 
Figure 2. Characterization of antiangiogenic capability of ephrinB2-specific scFvs. (A) HUVEC migration (Transwell) assays in the absence or presence of B11 or 2B1 

and/or clustered EphB4-Fc are shown. FBS in the bottom chamber was used as migration stimuli. Cells crossing the Transwell membrane are in green, whereas the blue signal 

indicates cells that remain at the upper compartment. Results are expressed as the percentage ± SD of migrated cells relative to total cells. *P < .001 and **P < .01 as 

determined by an unpaired Student t test. (B) Analysis of lateral migration of HUVECs by wound healing assays in vitro. HUVECs were grown to confluence when scratches 

were done. Cells were incubated with starving media in the absence (Control) or presence of 100 ng/mL VEGF as migrating stimulus. Cell migration was monitored over 

24 hours with 100 jLg/mL ephrinB2-specific scFvs (B11 or 2B1) or an irrelevant scFv as indicated. Representative still photographs (4X magnification) taken 24 hours after 

scratching are shown (original wound areas at time 0 are indicated by dotted lines). Quantification of lateral migration after 24 hours is shown in the bottom right panel. Each 

scFv was assayed at least 3 times and the corresponding values (means ± SD) were represented as the percentage of migrated area from time 0. *P < .01 versus control. 

(C) Tubular formation assay. HUVECs were cultured on standard Matrigel in VEGF-stimulated conditions in the absence (control) or presence of anti-ephrinB2 (B11 or 2B1) 

scFvs or an irrelevant scFv. Representative microphotographs of tube formation after 6 hours of culture (4X magnification) are shown. Graph shows quantitative measure of 

tube formation. Each treatment was assayed at least 3 times, and the corresponding values (means ± SE) were plotted as percentages of tube formation in the respective 

condition. *P < .001 versus control. 

 
 

exhibited more elongated cell shape and frequently continued 

migrating in the same direction without turning. Analysis of cell 

migration showed that B11-treated cells displayed a significantly 

reduced migration speed (Figure 3B) and they traveled a shorter 

accumulated distance (Figure 3C), with a reduction in the index of 

straightness defined as the ratio of the displacement of a cell to the 

accumulated distance (Figure 3D). 2B1-treated cells showed a 

smaller straightness index compared with control cells despite to 

display similar speed and migration length, indicating that only the 

cell directionality was affected. 

 
Treatment with anti-ephrinB2 Abs leads to an increase in 

stress fibers 
 

To assess whether these motility changes were coupled with cell 

morphology differences, we quantified cell shape changes by 

measuring the actin cytoskeleton (Figure 4). Anti-ephrinB2–treated 

cells adopted a more round cell-shape morphology, whereas control 

cells exhibited a more elongated phenotype (Figure 4A). Quantifi- 

cation of cell areas showed that the size of the cells treated with 

ephrinB2-specific scFvs was significantly reduced by 40% com- 

pared with control cells (Figure 4B). In addition, densitometry 

analysis of polymerized F-actin by fluorescence intensity showed 

that treatment with B11 increased significantly the number and 

thickness of cytoplasmic actin-containing stress fiber (Figure 4C) 

compared with the untreated cells, indicating that actin cytoskel- 

eton dynamic was altered. 2B1 also induced actin stress fibers, 

albeit to a lesser extent than B11. 

 
Impairment of VEGF-induced Matrigel angiogenesis in vivo by 

anti-ephrinB2 scFvs 
 

The antiangiogenic properties of anti-ephrinB2 Abs in vivo were 

analyzed by Matrigel plug assays in athymic nude mice. First, we 

tested the ability of the anti-ephrinB2 scFvs to properly target 

neovascularization developed within the VEGF-supplemented 

Matrigel (Figure 5A). Strong fluorescent signals were detected in 

the Matrigel plugs from animals treated with Alexa 750–labeled 

B11, whereas mice injected with the 2B1–Alexa 750 conjugate 

showed  only  moderate  fluorescence intensities,  indicating  that 



 

 
 

 
Figure 3. Effect of ephrinB2-specific scFvs on single-cell random migration. Cell tracking analysis was carried out for 24 hours at a rate of 1 frame per 10 minutes. 

Several parameters of random motility were quantified on EGFP-transfected HUVEC culture: (A) 5 significant tracks of untreated, B11-, and 2B1-treated cells were plotted in 

blue, red, and green, respectively. Trajectories of each group of cells were standardized because they all begin at the same starting post. Colored dotted circles represent the 

maximum distance covered by a group of cells within 24 hours. (B) The speed of treated and untreated cells (jLm/h). (C) The total length migrated by treated and untreated cells 

(jLm) and (D) directionality scored as straightness index (distance from the origin/total distance ratio). n = 17, *P < .001, and **P < .05 versus untreated control cells. 

 
B11 targeted neovessels more efficiently than 2B1. We next 

analyzed their effect on angiogenesis. After Matrigel implantation, 

animals were treated intravenously with a total dose of 15 mg/kg 

body weight of anti-ephrinB2 scFvs or an irrelevant scFv. After 

10 days,  the  Matrigel  plugs  were  removed  and  the  number  of 

neovessels was quantified by CD34 immunostaining and hematoxy- 

lin counterstaining (Figure 5C). Very few blood vessels were 

present in the B11-treated VEGF plugs, similar to those observed in 

the absence of growth factors. An extensive amount of vessels was 

detected in the VEGF plugs either untreated or treated with an 

irrelevant scFv. A scanty pattern of endothelial structures was 

observed in the VEGF plugs treated with 2B1. 

The hemoglobin content of the Matrigel plugs was also 

measured to quantify functional vessel recruitment. Hemoglobin 

amount within the VEGF-supplemented plugs from B11-treated 

mice was drastically reduced compared with untreated or treated 

with an irrelevant scFv (Figure 5B), whereas the 2B1-treated plugs 

exhibited a moderate but still significant reduction in hemoglobin 

content. Taken together, these results suggest that anti-ephrinB2 

scFvs, B11 and 2B1 (albeit at a lower extent), were able to 

inhibit efficiently angiogenesis and functional blood vessel 

formation in vivo. 

 
Anti-ephrinB2 scFvs inhibits tumor xenograft growth 

 

We  further  examined  the  inhibitory  capacity  of  anti-ephrinB2 

scFvs on tumor growth in nude or SCID mice bearing subcutaneous 

human tumor cell xenografts (Figures 6-7). First, we quantified the 

ephrinB2 mRNA expressed in the carcinoma cells used (BxPC3, 

pancreas; SW620, colon; and H460, lung). Our results indicated 

that SW620 cells expressed the highest levels of ephrinB2 mRNA, 

followed by BxPC3 cells with a moderate expression and finally 

H460 with very low levels of ephrinB2 mRNA (supplemental 

Figure 3A). Subsequent immunohistochemical analysis of xeno- 

graft tissue sections confirmed those ephrinB2 expression levels 

observed at mRNA level and a vascular ephrinB2 expression 

pattern in all xenografts tested (supplemental Figure 3B). Further- 

more, to study whether the treatment with anti-ephrinB2 Abs could 

directly affect to the tumor cell proliferation and survival, these 

carcinoma cell lines were cultured in the presence of different Ab 

concentrations. No direct effect on tumor cell growth was observed 

in vitro in any of the cell lines at the concentrations tested 

(supplemental Figure 3B). 

To evaluate the biodistribution, tumor vascular-targeting capa- 

bility and circulation time of anti-ephrinB2 scFvs, we did in vivo 

targeting experiments using near-infrared (IR) fluorescence imag- 

ing (supplemental Figure 4). The B11 and 2B1 scFvs were 

fluorescently labeled and IV injected into mice bearing H460 

tumors; this cancer cell line displayed the lowest level of ephrinB2, 

therefore most of the specific signal will come from the tumor 

vasculature rather than the tumor cell population. Both Abs showed 

selective accumulation in the tumors with peak signal intensities 

between 2 hours and 6 hours, albeit 2B1 exhibited a tumor uptake 

at  a  lower  level  than  B11  (= 2.0-fold).  The  signal  intensity 

decreased by 24 hours and remained detectable for at least 48 hours. 

Ab clearance via the kidneys and liver (data not shown) was 

observed throughout the experimental period (48 hours). 

We first studied the effect of B11 and 2B1 on tumor growth by 

using BxPC3 cells in SCID mice. The Abs were well tolerated by 



 

 

 

 
Figure 4. Increase of F-actin stress fibers by treatment with ephrinB2- 

specific scFvs. (A) Detection of polymerized actin was performed by staining 

with Alexa 568–labeled phalloidin on HUVEC cultures treated with B11, 2B1, or 

anti-ephrinB2–treated mice showed clearly reduced-to-absent 

filopodial protrusions and a smoother appearance, with less 

branching. 

Finally, tumor lymphatic vessel density was analyzed by 

LYVE1 staining. Anti-ephrinB2 treatment resulted in a dramatic 

reduction of the lymphatic vasculature, observed both in the tumor 

periphery and in the core of the treated tumors, particularly in those 

animals treated with B11, in which the presence of lymphatic 

vessels was almost completely inhibited. 

We next decided to determine whether the antitumor activity of B11 

and 2B1 observed in the BxPC3 model could be detected in other tumor 

models. Administration of B11 to mice bearing mCherry-expressing 

SW620 colon tumor or H460 lung tumor xenografts resulted in a strong 

tumor growth inhibition as measured by monitoring the far-red fluores- 

cence at 610 nm (Figure 7). Compared with control tumors, SW620 and 

H460 xenografts showed an 85% and a 60% tumor reduction 23 days 

postimplantation. Tumor sections were further stained with anti-CD34 

and anti-LYVE1 Abs; CD34 staining showed that the blood vessel 

density was drastically decreased in the treated tumors, with a reduction 

of = 85% compared with control tumors. Likewise, the B11-treated 

tumors almost lacked lymphatic vessels, as measured by levels of 

LYVE1 staining. Treatment with 2B1 decreased moderately SW620 

and H460 tumor growths by 35% and 25%, respectively, relative to 

vehicle control. Quantification of vascular area density revealed a 

similar decrease in blood and lymphatic vessels of 50% and 75%, 

correspondingly, in both xenograft models. 

Taken together, these results suggest that the antitumor effects 

exerted by the anti-ephrinB2 Abs were mediated by antiangiogenic 

and antilymphangiogenic mechanisms and that the observed tumor 

growth inhibition was not cancer cell type-specific and was 

independent of the levels of ephrinB2 expression in tumor cells. 

irrelevant  scFv  (C-)  for  4 hours.  (B)  Cell  area  (jLm2)  and  (C)  fluorescence    

intensity (arbitrary fluorescence unit [AFU]) were quantified using Definiens 

Software XD Version 1.5 and were represented as the median of 150 cells 

(n = 150), upper and lower quartile, and upper and lower extreme for each 

group. *P < .001 versus control. 

 
mice, with no detectable side effects. As shown in Figure 6A, 

B11 IV administration significantly inhibited tumor growth. The 

ratio of mean tumor volume of B11-treated mice over saline-treated 

control mice (T/C) after 30 days was 0.312, whereas 2B1-treated 

mice on the same schedule exhibited a moderate reduction with a 

T/C value of 0.638. To study the mechanisms underlying the 

observed tumor growth delay, an immunohistochemical study was 

carried out on tumors (25 after implantation) to analyze their 

apoptotic, proliferative, angiogenic, and lymphangiogenic status by 

staining for caspase-3–active, Ki67, CD34, and LYVE1, respec- 

tively (Figure 6B). The percentage of apoptotic cells increased 

around 5-fold in the B11-treated group, whereas treatment with 

2B1 resulted in a lowest but still significant 2.5-fold increase. On 

the other hand, no significant differences were observed in tumor 

cell  proliferation  measured  by  Ki67  staining  between  treated 

and untreated mice. Immunohistochemical analyses using Abs 

against blood vascular endothelial marker CD34 revealed that the 

B11-treated tumors had significantly lower blood vessel density 

than control tumors, representing a reduction of 85%. Treatment 

with 2B1 also diminished the tumor vascularized area albeit at a 

slightly lower extent than B11 (63% reduction). Furthermore, we 

observed marked differences in vessel morphology (Figure 6C). In 

control tumors, the vasculature was mainly formed by tortuous and 

uneven vessels, with profuse branching and readily noticeable 

filopodial extensions.  In  contrast,  the  tumor  blood  vessels  in 

Discussion 
 
The critical role of ephrinB2-EphB4 in angiogenesis and lymphan- 

giogenesis provides the rationale for developing therapeutic re- 

agents aimed at interrupting these processes.30,31  In addition, 

ephrinB2 has recently emerged as an attractive angiogenic target 

itself given that this protein has been shown to play an essential role 

in the function of VEGFR2 and VEGFR3 in driving angiogenesis 

and lymphangiogenesis.19,20 Indeed, antagonizing EphB4- 

ephrinB2 binding seems to be effective in cancer-mediated angio- 

genesis from the therapeutic standpoint. Various molecules have 

been investigated for this purpose to date,32,33  including a mono- 

meric soluble extracellular domain of EphB4.27,28,34  However, it 

has been described that EphB4 receptor interacts preferentially 

with ephrinB2 but it can also interact weakly with ephrinB1 and 

ephrinB3,35 so the soluble EphB4 receptor might promiscuously 

bind to different ephrin ligands and, therefore, the precise target of 

such a therapeutic approach remains undefined. To achieve a 

selective  and  specific targeting  of  ephrinB2,  we  performed  an 

Ab-based strategy. In the present work, we were evaluated the use 

of highly specific human Ab fragments (scFv) directed against 

ephrinB2 to interfere ephrinB2-EphB4 signalings as an immuno- 

therapeutic strategy. 

Angiogenesis and lymphangiogenesis are complex and tightly 

orchestrated multistep processes that involve several biologic 

systems such as cell proliferation, migration, and tube formation. 

Suppression at any step of these processes will inhibit the 

formation of new vessels. We have demonstrated antiangiogenic 

effects of the 2 selected ephrinB2-specific Abs (B11 and 2B1) in 



 

 

 
Figure 5. Inhibition of VEGF-induced neoangiogen- 

esis in a Matrigel plug model. (A) In vivo assessment of 

the vascular targeting capability of ephrinB2-specific 

scFvs labeled with Alexa 750 in mice bearing VEGF- 

containing Matrigel plugs. Representative fluorescent 

images of Matrigel plugs taken from the killed mice at 

8 hours  after  IV  injection  of  Alexa  750–conjugated 

scFvB11 (top panel), Alexa 750–conjugated scFv2B1 

(middle panel), or an irrelevant Alexa 750–conjugated 

scFv (bottom panel). Color-coded scale of fluorescence 

counts (X 103) is shown at right. (B) Quantification of 

hemoglobin in Matrigel plugs removed from the scFv- 

treated or untreated mice as indicated, after 10 days after 

implantation (n = 6). Data are presented as hemoglobin 

fold change over unstimulated and untreated group 

(negative control). *P < .001 and **P < .01 versus VEGF- 

stimulated and untreated positive control. (C) Represen- 

tative sections of the indicated Matrigel plugs excised on 

day 10. Endothelial cells were labeled with CD34 (brown), 

and the sections were counterstained with hematoxylin 

(blue). Quantification of CD34-positive area is shown in 

the bottom right panel. Bars represent the mean percent- 

age  of  positive  area ± SD  (n = 6).  *P < .001  and 

**P < .01 versus VEGF-stimulated and untreated posi- 

tive control. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

vitro at 2 levels: inhibition of migration and tubular structure 

formation. Consistent with previously reported data,36 we de- 

scribed that activation of reverse signaling by clustered EphB4-Fc 

resulted in an increased motility of endothelial cells. Interestingly, 

this effect was completely abolished by both Abs. In the case of 

B11, it blocks EphB4-ephrinB2 interaction, at least in part, by 

competing for receptor binding. However, the mechanism through 

which 2B1 blocks motility remains unknown as this Ab does not 

apparently interfere with EphB4-ephrinB2 interaction; this fact 

argues against a role of the EphB4 receptor in this process. 

Therefore, the exclusive inhibition of EphB4 activation does not 

completely explain the observed effects. Interestingly, EphB4- 

induced ephrinB2 phosphorylation was unaffected by the binding 

of both Abs, suggesting that the antiangiogenic effects appeared to 

be independent of ephrinB2 activation through tyrosine phosphory- 

lation. Hence, it is possible that the anti-ephrinB2 Abs themselves 

may inhibit ephrinB2 activation by forcing it into a conformation 

that is not able to trigger the signal transduction cascade, just as the 

Ab binding could inhibit ligand oligomerization and clustering37 or 

impair reverse signaling through PDZ interactions. Additional 

work will be needed to conclusively address the precise mecha- 

nisms of these function-blocking Abs. 

To further demonstrate that some of the effects observed were 

receptor independent, EGFP-expressing endothelial cells were 

cultured at low density, so that ephrinB2 could not be substantially 

activated through a mechanism involving cell-cell contact. Single 

HUVECs treated with anti-ephrinB2 Abs in the absence of cell-cell 

interactions showed an abnormal morphology and motility com- 

pared with untreated cells, suggesting that ephrinB2 might function 

in a cell-autonomous fashion. Indeed, it has been recently described that 

ephrinB2 is able to modulate cellular motility and morphology indepen- 

dently of Eph-receptor binding in endothelial cells because blocking 

peptides or ephrinB2 mutations that abolish interaction with EphB4 did 

not lead to significant differences in motility behavior or cellular 

morphology.26  Moreover, isolated ephrinB2-deficient cells presented 

morphologic changes consisting of insufficient spreading with many, 

but unstable lamellipodial protrusions and defects in motility (eg, 

disorganized migration with frequent changes of direction).38 So, as the 

abnormalities observed in anti-ephrinB2-treated endothelial cells are 

similar to those described when the reverse signaling through the 

C-terminal PDZ-binding motif of ephrinB2 is impaired or ephrinB2 is 

not expressed, we speculate that the anti-ephrinB2 scFvs could block the 

Eph-independent functions of ephrinB2 leading to an aberrant motility 

that would impair the VEGF-driven angiogenic properties of endothelial 

cells. The fact that B11 was more efficient in hampering migration than 

2B1 could be attributed to its higher affinity for ephrinB2. Also, because 

they recognize different epitopes of ephrinB2, the effectiveness of the 

blocking mechanism could be distinct. 

In addition, the treatment with anti-ephrinB2 scFvs altered the 

actin cytoskeleton; consequently, the treated cells become more 

rigid, which may account for the inhibition of cellular motility. In 

contrast, the activation of ephrin-B reverse signaling has been 

shown to lead to actin stress fiber disassembly and cell migration.39 

The anti-ephrinB2–Ab-induced cell rigidity could also explain why 

treated cells formed epithelial sheets on the Matrigel instead of 

assembling into capillary-like tubular structure in a tube formation 

assay. This induction of stress fibers in migratory endothelial cells 

has also been described as the effect of a common mechanism 



 

 
 

 
Figure 6. In vivo antitumor activity of the ephrinB2-specific scFvs on BxPC3 xenograft. (A) Groups of SCID mice (n = 10) bearing BxPC3 tumors were treated 

intravenously with either B11 or 2B1 at a total dose of 20 mg/kg or with an equal volume of PBS in alternating days starting when tumors were macroscopically noticeable. 

Tumor volumes were measured with calipers about twice a week and mean tumor volume was represented versus time for each group. Bars correspond to SD (*P < .001, 

**P < .01 versus PBS control). (B) BxPC3 tumor tissues excised on day 2 after treatments from mice injected with either PBS or 2B1 or B11 as indicated, were stained with H&E 

or by IHC using Abs anti-caspase 3–active to assess apoptosis (brown, apoptotic cells; magnification, 200X), anti-Ki67 to assess proliferation (brown, proliferating cells; 

magnification, 200X), anti-CD34 to evaluate blood vessel density (brown, endothelial cells; magnification, 200X), and anti-LYVE-1 to measure lymphatic vessel density 

(brown, lymphatic endothelial cells; magnification, 200X). Representative examples of tumor sections in each experimental condition are shown in the photographs. Results 

are shown as the percentages of the positive cells or areas relative to the total number of cells or areas quantified with the AxioVison software. Each data point is derived from 

3 tumors and corresponds to the mean ± SD. *P < .001, **P > .01 versus PBS control. (C) Higher magnifications of CD34-positive blood vessels from BxPC3-bearing mice 

treated with PBS (left panel) or B11 (right panel). Arrowheads point to filopodial protrusions in untreated tumor vessels. 

 

exerted by a panel of diverse angiogenesis inhibitors that induce the 

inhibition of cellular motility.40 

A very important goal of this work was to investigate the 

therapeutic potential of the anti-ephrinB2 scFvs. We evaluated their 

impact on in vivo angiogenesis and found that physiologic 

angiogenesis was significantly inhibited, highlighting ephrinB2 as 

an important antiangiogenic target. The different scFv efficiency 

observed could be due to their distinct affinities; B11 has a higher 

affinity and target vascular network more efficiently than the 2B1. 

To explore their therapeutic antiangiogenic potentials, we tested 

whether anti-ephrinB2 Abs affected to pathologic angiogenesis, 

such as tumor angiogenesis, by using them in several xenograft 

human tumor models. Systemic treatment of mice bearing the 

BxPC3 pancreatic carcinoma cell line with anti-ephrinB2 scFvs 

resulted in an effective inhibition of tumor xenograft growth; again 

B11 yielded the most potent effects probably because of its higher 

affinity. Apoptosis was significantly increased in tumors from 

animals treated with anti-ephrinB2 Abs whereas cell proliferation 

was not affected; the increased apoptosis over similar proliferation 

rates may account for the observed reduction in tumor growth in 

treated mice. Tumor xenografts showed a dramatic reduction in the 

number of blood and lymphatic vessels, indicating that anti- 

ephrinB2 Abs mediated angiogenic and lymphangiogenic 

suppression. Similar results were obtained with other xenograft 



 

 
 

 
Figure 7. In vivo antitumor activity of the ephrinB2-specific scFvs on SW620 and H460 xenografts. (A) mCherry-expressing SW620 colon carcinoma cells (5 X 106) or 

(B) mCherry-expressing H460 lung carcinoma cells (5 X 106) were injected subcutaneously into nu/nu mice. Animals were noninvasively imaged for tumor growth at 610 nm 

using the IVIS Imaging System and were split into 3 groups for each experiment: control (n = 4), which received PBS injections, B11 (n = 4) and 2B1 (n = 4) groups that were 

injected IV with 20 mg/kg of the corresponding scFv on alternating days, starting at day 4 postimplantation. Representative dorsal images of treated and untreated mice at 

indicated times are shown. Quantitative assessments of the tumor photon counts of treated and untreated groups are shown in the lower panels. Error bars represent the SD; 

*P < .001, **P < .01. (C) Immunohistochemical staining on tumor sections from mice bearing SW620 or (D) H460 xenografts after treatment with PBS, 2B1, or B11. Blood 

vessel endothelial cells were stained with an anti-CD34 Ab (brown, endothelial cells; magnification, 200X)  and lymphatic endothelial cells with an anti-LYVE-1 (brown, 

lymphatic endothelial cells; magnification, 200X). Representative photomicrographs of each experiment are shown. Quantification of the corresponding positive areas was 

performed with AxioVison software and plotted as percentage (mean ± SD) of the stained area relative to the total tumor area. *P < .001, **P < .01. 
 

 
models of colorectal (SW620) and lung (H460) carcinoma cells in 

which the endogenous ephrinB2 levels substantially differed, 

suggesting that antitumoral activity was independent of the level 

of ephrinB2 expression in tumor cells. Actually, anti-ephrinB2 Abs 

failed to inhibit the growth of cultured BxPC3, SW620, and H460 

cells,  consistent  with  the  hypothesis  that  anti-ephrinB2  scFvs 

affect tumor growth through an antiangiogenic mechanism 

rather than through inhibiting tumor cell proliferation per se. 

Therefore, the observed induction of apoptosis would be the 

consequence of eliminating blood vessels and reducing blood 

supply. The in vivo data presented herein also show that an 

effective inhibition of tumor lymphatic vasculature can be 

achieved by targeting ephrinB2 with specific Abs, indicating an 

important role for this molecule in the modulation of the 

lymphangiogenic process. Given that it has been extensively 

shown that the formation of lymphatic vessels into the tumor 

increases the capacity of tumors to metastasize,41 it is tempting 

to speculate that the antilymphangiogenic activity of ephrinB2- 

specific Abs may restrain tumor spread by restricting tumor cell 

dissemination through the lymphatic vasculature. Further work 

will be needed to confirm this hypothesis. 

Much remains to be learned about the mechanisms through 

which ephrinB2-specific scFvs inhibit angiogenesis and lymphan- 

giogenesis . Recently, it has been demonstrated that ephrinB2 and 

VEGF signaling are mechanistically connected during both pro- 

cesses because ephrinB2 acts as a direct activator of VEGFR2 and 

VEGFR3 by controlling the internalization of both receptors.19,20 

EphrinB2 mutant with an impaired PDZ target site resulted in 

decreased filopodial extensions in endothelial tip cells as a 

consequence of failure to internalize VEGFR2. Furthermore, the 

tumor blood vessels in these mutant mice using an orthotopic 

glioma tumor model were characterized by a smooth and straight 

appearance lacking sprouts and filopodia.19 Interestingly, we ob- 

served a comparable vascular phenotype in the blood vessels of 

tumors treated with anti-ephrinB2 Abs, suggesting that the binding 

of these scFvs would impair ephrinB2 reverse signaling through 

PDZ interactions and would inhibit the internalization of VEGFR2 

and VEGFR3. Additional studies would be required to support this 

hypothesis. 

In summary, we have described the generation and initial 

characterization of anti-ephrinB2 human scFvs that represent a new 

approach to target angiogenesis and lymphangiogenesis for cancer 



 

 

 
treatment and, possibly, other angiogenesis-dependent pathologies. 

Targeting ephrinB2 with specific Abs significantly inhibited vascu- 

lar organization and cell migration but not proliferation. Further- 

more, scFv-treated HUVECs showed an abnormal motility charac- 

terized by a reduced velocity and a loss of directionality. Those 

effects may be regulated, at least in part, at the level of the 

cytoskeleton because treatment with anti-ephrinB2 Abs notably 

increased the formation of actin stress fibers. Moreover, these Abs 

were able to block physiologic angiogenesis and when adminis- 

tered to mice xenografted with different human tumor cells, they 

inhibited tumor progression by impairing tumor angiogenesis and 

lymphangiogenesis. In light of these results, B11 Ab may be 

suitable as a lead for the development of improved antiangiogenic 

therapies of application in cancer or other angiogenesis-based 

diseases. In the future, it will also be of interest to investigate 

whether anti-ephrinB2 Abs can complement or synergize with 

other established antiangiogenic agents. 
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