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ABSTRACT

EphA4, an Ephrins tyrosine kinase receptor, behaves as a dependence receptor
(DR) by triggering cell apoptosis in the absence of its ligand Ephrin-B3. DRs act
as conditional tumor suppressors, engaging cell death based on ligand availability;
this mechanism is bypassed by overexpression of DRs ligands in some aggressive
cancers. The pair EphA4/Ephrin-B3 favors survival of neuronal progenitors of the
brain subventricular zone, an area where glioblastoma multiform (GBM) are thought
to originate. Here, we report that Ephrin-B3 is highly expressed in human biopsies
and that it inhibits EphA4 pro-apoptotic activity in tumor cells. Angiogenesis is directly
correlated with GBM aggressiveness and we demonstrate that Ephrin-B3 also supports
the survival of endothelial cells in vitro and in vivo. Lastly, silencing of Ephrin-B3
decreases tumor vascularization and growth in a xenograft mice model. Interference
with EphA4/Ephrin-B3 interaction could then be envisaged as a relevant strategy to
slow GBM growth by enhancing EphA4-induced cell death.

INTRODUCTION

Glioblastoma multiform (GBM) is the most common
and malignant brain tumor in adults. Despite development
of new therapies and combinations of surgery, radio-and
chemo-therapies, GBM remains a therapeutic challenge,
the median survival of patients being close to 10 months
[1]. Evidences have recently been accumulating in favour
of the implication of the subventricular zone (SVZ) neural

progenitor cells (NPC) in glioblastoma aetiology [2—8].
SVZ is a brain layer of cells localized around the lateral
ventricle, and it is one of the two identified brain stem
cell niches [9]. Study of murine models has led to the
hypothesis that GBM could originate from NPC of the
SVZ that have accumulated oncogenic alterations [2, 4, 8].
It was also shown that recruitment of these progenitor cells
may play a role in the aggressive behaviour encountered
in GBM [6, 7].
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EphA4 is one of the 14 tyrosine kinase receptors
linked to the Ephrins family, which notably regulate
cell migration and adhesion in a number of biological
processes [10—12]. As a tyrosine kinase receptor, EphA4
induces a so-called “forward” downstream signalling when
engaged to Ephrins ligands [13]. EphA4 notably functions
as a repulsive neuronal guidance cue through binding to
Ephrin-B3 [14, 15]. Besides its classical modus operandi,
others and we have shown that the pair EphA4/Ephrin-B3
presents some functional particularity. Indeed, EphA4
also functions as a DR [16, 17]: as such and similarly to
DCC, UNCS5B, TrkA or TrkC [18-20], this receptor is not
inactive in the absence of its ligand Ephrin-B3 but rather
actively triggers apoptosis [16, 17]. DRs have been shown
to act as tumor suppressors thanks to their pro-apoptotic
activity; reciprocally, gain of DRs ligands expression can
be a selective advantage acquired by cells during tumor
escape [21-23]. Along this line, Ephrin-B3 was described
as highly expressed in glioblastoma biopsies and notably
in invasive tumoral cells [24, 25]. It was also established
that apoptotic control driven by the pair EphA4/Ephrin-B3
regulates NPC of the SVZ. Indeed, decrease in NPC
number was observed in SVZ from Ephrin-B3 knock-
out mice and associated with increase in apoptosis.
Reciprocally and consistently with the DR paradigm,
reverse phenotype was observed in the same brain area of
EphA4 knock-out mice. These observations prompted us
to study the apoptotic/survival activity exerted by the pair
EphA4/Ephrin-B3 in gliomagenesis.

Here, we first confirmed that Ephrin-B3 is highly
expressed in a large fraction of human GBM tumors. We
showed that Ephrin-B3 acts as a direct survival factor for
GBM tumoral cells in vitro, through inhibition of EphA4-DR
activity. GBM are highly vascularized tumors, in which
tumoral angiogenesis has been directly correlated with
spreading and relapse [26]. Since Eph-Ephrins family
members have been involved in angiogenesis regulation,
we wondered whether the pair EphA4/Ephrin-B3 could
stabilize tumoral vessels network. We observed that
Ephrin-B3 promotes endothelial cell survival and thus
angiogenesis by blocking EphA4-induced endothelial cell
death, both in vitro and in vivo in zebrafish. Lastly, we
provide evidence that in GBM, Ephrin-B3 favors tumor
growth by inhibiting EphA4-induced endothelial cell
death and we then propose to use this trait in a therapeutic
perspective.

RESULTS

Ephrin-B3 is highly expressed in glioblastoma
and acts as a survival factor for tumoral cells via
inhibition of EphA4-induced cell death

We analyzed Ephrin-B3 expression level in a panel
of 31 GBM biopsies by Q-RT-PCR. We confirmed that
this gene is highly expressed in tumoral samples, as

compared to that observed in 28 non-tumoral white-matter
brain biopsies (Figure 1A; p = 0.01). Mean expression
level of Ephrin-B3 is increased by 2.5 fold, ranging
from 0.077 + 0.047 in control samples to 0.192 + 0.222
in GBM tumoral biopsies, with 42% of GBM patients
presenting a value superior to twice controls mean. No
significant change was observed in EphA4 expression
profile between normal and tumoral samples (Figure 1B).
We analysed Ephrin-B3 expression at the protein level by
immunohistochemistry, on 7 glioblastoma WHO grade IV
and 3 glioma WHO grade II-II (one oligodendroglioma
grade II, one astrocytoma grade II and one astrocytoma
grade III). Ephrin-B3 expression level was moderate
(n =1) to high (n = 4) in more than 70% of glioblastoma
samples, whereas its expression is rather low in all low-
grade glioma tested (Figure 1C). Interestingly, expression
is notably focally high in perivascular area (Figure 1D).

We then aimed to determine whether high
expression level of Ephrin-B3 in glioblastoma biopsies
could represent a selective advantage for tumoral cells.
Expression of Ephrin-B3 was screened in several
GBM cell lines: 4 out of 7 cell lines were positive for
Ephrin-B3 expression (Figure 1E). The SF767 and A172
cell lines, which show both high Ephrin-B3 and EphA4
expression levels, were selected for further experiments
(Figure 1E—1F). Silencing of Ephrin-B3 expression by
siRNA leads to an increase in apoptosis of SF767 cells,
as shown by caspase 3 activity measurement and TUNEL
assay (Figure 1G—1H and Supplementary Figure 1A).
Moreover, simultaneous co-silencing of EphA4 is
sufficient to prevent induction of apoptosis in Ephrin-B3
silenced SF767 (Figure 1G-1H and Supplementary
Figure 1B). Similarly, apoptosis induced by Ephrin-B3
silencing is also reversed by EphA4 co-silencing in A172
cells, whereas it has no impact on U87 Ephrin-B3-negative
cells (Supplementary Figure 1A—1D). Thus, in agreement
with the DR paradigm, Ephrin-B3 behaves as a survival
factor for GBM tumoral cells in vitro, by blocking death
induced by its unbound EphA4 DR.

Ephrin-B3 promotes angiogenesis through
inhibition of EphA4-induced cell death

GBM are very invasive tumors characterized by
intense and aberrant angiogenic activity, which has
been inversely correlated to spreading, relapse and
overall patients survival [1, 26, 27]. Eph-Ephrins family
members regulate angiogenesis and EphA4 is expressed in
endothelial cells [28]. We then wondered whether the pair
EphA4/Ephrin-B3 could stabilize tumoral vessels network.
As a first hint, we analysed the impact of Ephrin-B3 in a
chorioallantoic membrane (CAM) assay [29]. HEK293T
cells were transfected or not with an Ephrin-B3 encoding
plasmid and grafted at the surface of chicken CAM. As
shown in Figure 2A, the number of vessels that develop
radially towards Ephrin-B3-positive grafts is significantly
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increased as compared to controls. We then confirmed
by Q-RT-PCR and immunostaining that EphA4 is
expressed both in HUVEC and HUAEC (Human Vein/
Artery Endothelial Cells), whereas Ephrin-B3 expression
is low in these cells (Figure 2B and Supplementary
Figure 2A). Forced expression of Ephrin-B3 in HUVEC/
HUAEC endothelial cells significantly reduces the extent
of spontaneous apoptosis observed in settings of serum
starvation conditions (Figure 2C-2D and Supplementary
Figure 2B). Moreover, silencing of EphA4 by siRNA is

also associated with cell death reduction (Figure 2E-2F
and Supplementary Figure 2C). Thus, Ephrin-B3 likely
favors endothelial cell survival in vitro, at least partially
by blocking cell death induced by unbound EphA4.

To further define the role of apoptosis regulation
induced by EphA4/Ephrin-B3 pair on angiogenesis in vivo,
we used the TG(fli:egfp)*' transgenic zebrafish model,
which targets the expression of GFP specifically in blood
vessels and allows direct monitoring of angiogenesis
during development [30]. Two EFNB3 gene orthologs
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Figure 1: EphrinB3 is highly expressed in glioblastoma tumors and acts as a survival factor for glioblastoma cells,
via inhibition of EphA4-induced cell death. (A, B) Total RNA from GBM biopsies collected during curative resectional surgery in
the Neurosurgery division of Grenoble hospital (national ethics approval AC-2010-1129) was used to perform Q-RT-PCR quantification,
relatively to HPRT housekeeping gene expression level. Results are presented for each sample as mean level in three independent experiments.
(a) EFNB3 mRNA level is significantly increased in GBM biopsies (n = 31) as compared to non-tumoral brain samples (n = 28; p = 0.01,
t-test). (b) EphA4 is expressed at similar level in both normal and tumoral samples. No significant correlation with EFNB3 expression was
observed. (C, D) Analysis of Ephrin-B3 expression in glioma by immunohistochemistry. (c) Representative images of Ephrin-B3 expression
in glioma. Five out of seven high-grade glioblastoma (GBM) were positive for Ephrin-B3 expression (left panel) whereas all low-grade
glioma, such as oligodendroglioma (ODG), were negative (n = 3/3, right panel). (d) Representative images of Ephrin-B3 positive staining in
hyperplastic vascular area before tumoral microvessels proliferation (arrowhead) (E, F) Expression of Ephrin-B3 and EphA4 was measured
by Q-RT-PCR on total RNA of 7 cell lines, using HPRT housekeeping gene as a standardization control. Results are presented as means
+/— std of three independent experiments. (¢) EFNB3 is detected in 4 cell lines and is notably high in A172 and SF767 GBM cell lines.
(f) EphA4 is also highly expressed in A172 and SF767 GBM cell lines. (G, H) Silencing of Ephrin-B3 in SF767 GBM tumor cells is sufficient
to induce apoptosis and this effect is blocked by co-silencing of EphA4, consistently with DR functioning model. Data are means+/—std of
three independent experiments. *p < 0.05; **p < 0.01; U-test. (g): Caspase-3 activity measurement and (h): TUNEL assay.
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have been described in zebrafish, ephrinb3-b and To explore whether these vascular defects could be due to

ephrinb3-Like, respectively sharing 56% and 51% endothelial cells apoptosis induction by EphA4, we treated
protein identity with their human ortholog and 69% those injected with ephrinb3-Like morpholino with the
among each other (Figure 3A). Also overexpression pan-caspases inhibitor BAF. As shown in Figure 3B-3C,
of ephrinb3-b has been suggested to correct vascular BAF treatment is sufficient to rescue the angiogenic
defects induced by silencing of the guidance cue defects detected in ephrinb3-Like silenced embryos.
MAX-1 in zebrafish [31], we observed no significant effect Consistently with the DR paradigm, formation of ISV was
on angiogenesis upon silencing of this gene (Supplementary also rescued by co-silencing of EphA4 (Figure 3B-3C).
Figure 2D). On the contrary, knock-down of ephrinb3- Altogether, these data support a pro-angiogenic role of
Like impairs intersegmental vessels (ISV) formation, Ephrin-B3, which results at least in part from its ability to
which normally sprout from dorsal aorta along the trunk prevent endothelial cell death induced by unbound EphA4.
to form dorsal longitudinal anastomotic vessels (DLAV)
(Figure 3B-3C and Supplementary Figure 2D-2E). Ephrin-B3 gain of expression in GBM favors
Indeed, more than 40% of zebrafish embryos knock-down tumor growth and vascularization in a mouse
for this EFBN3 ortholog lack ISV as compared to only 5% xenograft model
of controls (Figure 3B-3C). These vascular abnormalities
are associated with an increase in apoptosis in ephrinb3- We then aimed to determine if Ephrin-B3 gain of
Like knock-down embryos, as shown both by caspase-3 expression observed in GBM could promote tumor growth,
activity measurement and TUNEL assay (Figure 3D-3E). both by favoring tumoral cells survival and angiogenesis.
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Figure 2: Ephrin-B3 promotes angiogenesis in vitro through inhibition of EphA4-induced cell death. (A) Ephrin-B3
favors angiogenesis in a CAM assay. Angiogenesis is quantified three days after as the ratio of number of vessels converging to the plug
to its perimeter (n = 14 eggs per condition). Straight lines indicate means. **p < 0.01; U-test. (B) HUVEC and HUAEC express EphA4
receptor but not Ephrin-B3, as measured by Q-RT-PCR (left panel; results are presented as mean +/— std of 3 independent quantifications)
and immunostaining (right panel; upper picture shows control without primary antibody. (C) Ephrin-B3 over-expression prevents apoptosis
in HUVEC/HUAEC as measured by caspase-3 activity. Data are means +/— std of three independent experiments. *» < 0.05; U-test.
(D) Ephrin-B3 over-expression inhibits apoptosis in HUVECs, as measured by TUNEL staining. TUNEL-positive cells were quantified in
blind on 2 independent fields in each condition. Results are presented as mean +/— sem of 3 independent experiments. ***p < 0.001; U-test.
(E) EphA4 silencing by siRNA is associated with a decrease in caspase-3 activity in HUVEC/HUAEC. Relative index of caspase-3 activity
is expressed as mean +/— std. *p < 0.05; U-test. (F) EphA4 silencing prevents apoptosis in HUVECs, as measured by TUNEL staining.
TUNEL-positive cells were quantified in blind on at least 3 independent fields in each condition. Results are presented as mean +/— sem of
3 independent experiments. *p < 0.05; U-test.
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We first designed a co-culture assay: GFP-stained HUVEC
were co-cultured with A172 GBM cells, silenced or not
for Ephrin-B3 expression (Supplementary Figure 3A).
As shown on Figure 4A, silencing of Ephrin-B3 in A172
cells leads to a significant increase in HUVEC endothelial
cells apoptosis, as measured by TUNEL assay. Thus,
in vitro, Ephrin-B3 expression by GBM tumor cells favors
endothelial cell survival.

We thus moved to an animal model. Since we
failed to establish xenografts from A172 cells, SF767
GBM cells, which also express Ephrin-B3 and EphA4 at
high levels, were engrafted into nude mice. Silencing of
EFNB3 through intra-tumoral injection of siRNA coupled
to in vivo transfectant efficiently decreases EphrinB3
expression in tumoral cells and significantly delays
tumor growth (Figure 4B and Supplementary Figure 3B).
We then wondered whether this effect could notably
result from the impairment of tumoral angiogenesis. We
confirmed that EphA4 is indeed expressed in tumor blood

A B

05

|— Hsapiens_ephrinA1

LMmusculus,epmmM

Mdomestica_ephrinB3

Hsapiens_ephrinB3

038!
) MO ephrinb3-Like + BAF
Mmulatta_ephrinB3

Drerio_ephrinB3
Drerio_ephrinBalike

Drerio_ephrinB2like

Mdomestica_ephrinB1

 Mmusculus_ephrinB1

Hsapiens_ephrinB1

0.50
Mmulatta_ephrinB1

Drerio_ephrinB1

Drerio_ephrinB2

Mmulatta_ephrinB2

Mmusculus_ephrinB2

MO:ephrinb3-Like + BAF

Mdomestica_ephrinB2
054

'Hsapiens_ephrinB2

MO ephrinb3-Like

MO ephrinb3-Like + MO epha4

MO ephrinb3-Like

MO ephrinb3-Like+epha4

vessels (Supplementary Figure 3C). Consistently with the
hypothesis of a role of the EphA4/EphrinB3 pair in GBM
tumoral angiogenesis, a significant reduction in intra-
tumoral microvessels density of mice injected with EFNB3
siRNA was observed (Figure 4C). Quantitative analysis of
tumoral angiogenesis by micro-computed imaging was
then performed on xenografted tumors after 10 days of
treatment (Figure 4D). Mean ratios of peripheral tumor
vessels to tumor volumes is decreased in 5 EFNB3 silenced
grafts as compared to 6 size-matched control ones, ranging
from 11.75 £ 6.00% to 6.22 + 3.86% respectively.

DISCUSSION

We show here that Ephrin-B3 behaves as a survival
factor for glioblastoma bulk by acting notably on
endothelial cells. Even if we cannot discard that Ephrin-B3
could do so via binding to other receptors, we show that
its effects are at least partially mediated through inhibition
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Figure 3: Ephrin-B3 promotes angiogenesis through inhibition of EphA4-induced cell death during zebrafish
development. (A) Phylogenetic tree showing the inferred evolutionary relationships between ephrins members among various biological
species. ML on protein sequences, under JTT model, with 100 bootstrap replicates. EFNB3 orthologs in zebrafish, ephrinB3-b and ephrinB3-
Like are highlighted. (B, C) EphrinB3-Like silencing triggers defects in intersegmental vessels (ISV) formation, which are significantly
rescued by caspases inhibition through BAF treatment or by co-silencing of EphA4. (b) Representative images of trunk vasculature are
shown. (¢) Quantification of the percentage of embryos with ISV defects in each condition is presented. ***p < 0.001; y* test. (D) BAF
treatment or EphA4 silencing are both sufficient to rescue apoptosis in MO ephrinB3-Like-injected embryos, as shown by TUNEL staining
[36]. Representative images of trunk vasculature are shown. Red dots correspond to apoptotic cells. (E) EphrinB3-Like silencing also
triggers caspase-3 activation in zebrafish embryos, which is significantly rescued by BAF treatment or EphA4 co-silencing. Caspase-3
activity was assessed on whole embryos extracts and is expressed as mean relative index to control. Error bars correspond to standard
deviation. *p < 0.05; **p < 0.01; U-test.
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of EphA4-induced cell death, as a rescue of Ephrin-B3 than the subcutaneous settings used in this study, these data

silencing phenotypes is observed upon EphA4 knock- supports the view of a role of EphA4-induced apoptosis both
down. Reciprocally, even if other EphA4 ligands, such as at the tumoral cell level and at the endothelial cell level. GBM
Ephrin-B2 and Ephrin-A1, have been respectively shown aggressiveness is associated with tumoral angiogenesis,
to exert pro- and anti-oncogenic effects in glioblastoma which favours tumor invasion and relapse. Implication of
occurrence and angiogenesis regulation, we failed to observe Ephrin-B3 as a survival factor blocking EphA4-induced
any significant change in Ephrin-Al, -A2, -A3, -A4, -AS apoptosis appears crucial in the formation of intersegmental
and -B2 expression upon invalidation of Ephrin-B3 in the vessels during zebrafish development. Moreover, Ephrin-B3
tumor xenograft model used here, thereby strengthening the produced by GBM tumors could enhance endothelial
specificity of the effects observed (Supplementary Figure cell survival in their vicinity, thereby favouring tumoral
3D). Ephrins family members are characterized by complex angiogenesis: it may then be speculated that Ephrin-B3 acts
intracellular signalling cascades. Despite the forward as a survival factor in developmental angiogenesis but that
signalling induced by Eph receptors upon ligand binding, this mechanism is also hijacked by some aggressive tumors.
Ephrin-B ligands are by themselves able to trigger a reverse Thus, the work presented here support the
signalling [32]. This unclassical mechanism of action, development of new anti-cancer therapies based on Ephrin-
in which both ligand and receptor activate downstream B3-targeting, in high-Ephrin-B3 expressing cancer cases. It
cascade of events, coupled with the fact that Eph receptors is noteworthy to mention that correlation between Ephrin-B3
are not specific of one Ephrin ligand, probably explain the expression level and clinical characteristics will have to be
complex role of members of this family in tumorigenesis defined, to decipher the profile of patients eligible for such
[33]. We showed here that, in addition, EphA4 cannot be a therapy. Because of the complexity of interactions among
considered as a classical oncogenic growth factors receptor members of Ephrins/Eph family and of the paradoxical
since it may be able to act as a conditional tumor suppressor effects that these ligand/receptor pairs may trigger [35], it
in absence of Ephrin-B3. will be of key importance to develop candidate therapeutics
Despite achievements of new aggressive therapies that specifically prevent binding of Ephrin-B3 to EphA4,
[34], GBM remains a therapeutic challenge. Ephrin-B3 via its to avoid off targets effects. Further evaluation will also be
ability to block EphA4-induced apoptosis is likely involved required to determine the role of the forward and reverse
in glioblastoma tumorigenesis, since its specific invalidation signalling induced by these Ephrins members in the GBM
is sufficient to slow down tumor growth in a xenograft tumoral context, even if the development of a monoclonal
model. Even though this remains to be further studied in antibody blocking Ephrin-B3/EphA4 interaction may turn as
an orthotopic model of GBM that would be more relevant a promising approach.
A B c D

280

w
o

e SIRNA Ctl (i.t)

N
o

N

@

S

. : S T g
SIRNA EFNB3 (it) ..,’.-‘:‘f %4 '§'°
P N :’*'j

N
b
\“;
¢
h
-~

250 =
o w o '~ 5y S
g = \ i’fﬁw’ 2
] T Ex WA o e =
g 21 E1eo 2 L R £
r 5 8 & L :;‘(}&
H g g %15 §| simNacu AL o
= a0 £130 3 | BRSO T HNEeg
E = € [ UL T
2 s 310 8| BiB=y s e N
R5 NN A Syeant ] 2
o IR S L) 2
80 s G ,.’,‘j; B
s Ve », <
siRNA ~ siRNA il OO T a5 'q z
ctl  EFNB3 % 0 SiRNA EFNB3 -‘:’;:331 B
0 5 10 15 siRNA  siRNA o
Ctl EFNB3

Days post treatment

Figure 4: Ephrin-B3 gain of expression in GBM favors tumor’s growth and vascularization in a mouse xenograft
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SF767 was measured during intratumoral (i.t.) injection of control or Ephrin-B3 siRNA diluted in Jet PEI transfectant. Mean tumor volume
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(C) Microvessels density is significantly decreased in SF767 xenograft tumors silenced for Ephrin-B3 expression. Vessels were stained
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one’s. Representative images of one control and one si-EFNB3-treated tumors are shown.

www.impactjournals.com/oncotarget 23755 Oncotarget



MATERIALS AND METHODS

Patients and tissue samples

Tumor samples were collected from GBM patients
during curative resectional surgery in the Neurosurgery
division of Grenoble hospital. Samples were frozen (—80°C)
next to surgery room and stored for scientific research in
a biological resources repository (Centre de Ressources
Biologiques, Grenoble Hospital), according to national
ethical guidelines. Tissue banking and research conduct
were approved by the Ministry of Research (approval AC-
2010-1129). Immunohistochemistry was performed on
glioma sections from Hospices Civils de Lyon biological
resources repository. Anatomopathologic characterization
of GBM was performed according to standard international
recommendations.

Plasmid constructs and siRNA

Plasmids encoding Ephrin-B3 was a kind gift from
Dr M. Nakada [25]. Human EPHA4 and EFNB3 siRNAs
were designed by Dharmacon as a pool of 4 target-specific
20-25 nt siRNAs.

Endothelial cell culture and transfection

Human Umbilical Vein and Artery Cells (respectively
HUVEC and HUAEC) were cultured in complete
endothelial cells medium according to manufacturer’s
instructions (Promocell, passages < 8). HUVEC and
HUAEC were transfected using the AMAXA Nucleofector
system. 500 000 HUVEC or 1 million HUAEC were
suspended in 100 pl HUVEC Nucleofector solution and
transfected with 1 pg of plasmid or 20 pmol of siRNA.
24 hours after transfection, cells were transferred into low
serum medium and collected for caspase-3 activity assay
after 6 hours or for TUNEL assay after 24 hours.

Glioblastoma cell lines culture

Human glioblastoma cell line A172 and SF767
were respectively cultured in DMEM medium (Gibco®,
Invitrogen) supplemented with 10% fetal bovine serum
without or with 1X MEM Non-Essential Amino-Acids
containing Glycine 75 mg/L, L-Alanine 89 mg/L,
L-Asparagine 132 mg/L, L-Aspartic acid 133 mg/L,
L-Glutamic acid A 47 mg/L, L-Proline 115 mg/L, L-Serine
105 mg/L (Gibco®, Invitrogen). A172/SF767 GBM cells
were transfected using Interferin (Polyplus Transfection)
according to the manufacturer’s recommendations. Briefly,
cells were plated in six-wells tissue culture plates at a
density of 1.10° and transfected 24 hours later with 10 nM
of siRNA control (non-targeting 2, Dharmacon), 10 nM
of siEFBN3 and 2.5 nM of siEPHA4. 24 hours later, cells

were transfected a second time with 10nM of siRNA
control (non-targeting 2, Dharmacon) or targeting EFBN3.

Cell death assays

Cell death assays (TUNEL immunostaining,
caspase-3 activity measurement) were performed as
described previously [36, 37]. Apoptosis was monitored
by measuring caspase-3 activity using Caspase 3/CPP32
Fluorimetric Assay Kit (Gentaur Biovision, Brussel,
Belgium). For detection of DNA fragmentation, treated cells
were cytospun and Terminal deoxynucleotidyl transferase
mediated dUTP-biotin Nick End Labeling (TUNEL) was
performed with 300 U/mL TUNEL enzyme (300 U/mL)
and 6 pM biotinylated dUTP (Roche Diagnostics, Meylan,
France), as previously described [38].

Quantitative RT-PCR

Total RNA from human biopsies, murine xenografts
and cell lines were extracted using the Nucleospin
RNAII kit (Macherey- Nagel) and 1 pg was reverse-
transcribed using the iScript cDNA Synthesis kit (BioRad).
To assay EFNB3, EPHA4 but also EFNAI1, EFNA2,
EFNA3, EFNA4, EFNAS and EFNB2 expression, real-
time quantitative RT-PCR was performed with specific
primers, on a LightCycler 480 apparatus (Roche) using
the LightCycler® TagMan® Master kit (Roche). Reaction
conditions for optimal amplifications of each gene, as well
as primers selection were determined as already described
[39]. The ubiquitously expressed HPRT was used as internal
controls for human samples. Primers sequences as well as
conditions of amplifications are available upon request.

CAM assay

The chick chorioallantoic membrane (CAM)
assay was performed as already described [36]. In
brief, HEK293T cells were transiently transfected with
Ephrin-B3 or empty vector (pSELECT GFP). 2*10° cells
were suspended volume to volume in serum free Matrigel
(BDBiosciences) and allowed to solidify to form cell
plugs. Plugs were then placed on CAM of 8-days-old chick
embryos. Three days after, CAMs were photographed and
the angiogenic response was evaluated by measuring the
number of vessels that converge to the plug relatively to
its perimeter by using AxioVision Release 4.6 software.

Morpholino knock-down of zebrafish embryos

To knock-down EphA4 expression, a translation-
blocking morpholino (MO) was used as described
previously [40]. Knock-down of ephrinb3-Like expression
was achieved with a translation-blocking morpholino
targeting zebrafish ortholog (GeneTools). Specificity of
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this newly designed MO was assessed by mRNA rescue
(Supplementary Figure 2D). In brief, MO-resistant
ephrinb3-Like allele modified in its 5'UTR was cloned in
PCS2+ plasmid (Genscript) and the corresponding mRNA
was then obtained using mMESSAGE mMACHINE®
(Ambion) in vitro transcription kit according to
manufacturer’s recommendations; 600 pg of ephrinb3-
Like mRNA was then co-injected with EFNB3 MO and
rescue of EFNB3 MO-induced phenotype was assessed.

6 ng of MO were injected alone or in combination in
the high yolk of one- to four-cells-stage transgenic fli:egfp,
or in wild-type zebrafish embryos. Rescue of the phenotype
induced by ephrinb3-Like silencing was tested by adding
40 uM BAF in the E3 medium 4 hours after morpholinos
injection. Caspase-3 activity assay and TUNEL labeling
of embryos were performed as described previously [36].
Sequences of morpholinos are available upon request.

Co-culture assay

HUVECs were plated in 6-well plates at a density of
1.10° and stained using 10 uM green CellTracker™ (Life
Technologies). Meanwhile, A172 GBM cells were reverse-
transfected using Interferin (Polyplus Transfection) according
to the manufacturer’s recommendations. Briefly, cells were
plated in six-wells tissue culture plates at a density of 1.10°
and transfected at the same time with 10 nM of siRNA
control (non-targeting 2, Dharmacon) or targeting EFBN3.
24 hours after transfection, 1.10° A172 cells per well were
seeded with HUVEC and allowed to adhere for 6 hours in
complete endothelial cells medium. Cells were then starved
in non-supplemented endothelial cell medium and analyzed
by TUNEL assay after 24 hours of co-culture.

Immunohistochemistry

For histological examination, tissue samples
were fixed in 10% buffered formalin and embedded in
paraffin. 4 um thick tissue sections of formalin-fixed,
paraffin-embedded tissues were prepared according to
conventional procedures. Sections were then stained with
hematoxylin and examined with a light microscope. For
immunohistochemical analysis, antibodies to EphrinB3,
EphA4 (rabbit polyclonal antibody, Abcam) and CD31,
an endothelial cell marker (Anaspec, California) were
used. An indirect immunoperoxidase technique was
applied to deparaffinized tissue sections; the technique
was performed using an automated slide stainer (Ventana
Discovery, Ventana, Tucson, Ariz., USA).

Tumor engrafted nude mice and tumoral
angiogenesis quantification

Seven-weeks-old (20-22 g body weight) female
athymic nu/nu mice were obtained from Charles River
animal facility. The mice were housed in sterilized filter-
topped cages and maintained in a pathogen-free animal

facility. SF767 cells were implanted by subcutaneous
injection of 5.10° cells in 200 pL of PBS into the right flank
of the mice. Once tumors were established (V~80 mm?),
mice were treated twice a week by intratumoral injection of
5 ng control siRNA, EFNB3 siRNA and/or EPHA4 siRNA,
diluted in JetPEI in vivo transfectant. Tumor sizes were
measured with a caliper. The tumor volume was calculated
with the formula v = 0.5*(length*width?). At the end of
the treatment, tumors were harvested and fixed in formol.
After CD31 staining, microvessels density was quantified
in blind for each tumor using Histolab software (n = 100
to 300 fields per tumor slide). Vascularization of treated
or untreated size-matched tumors was also quantified
after microfil perfusion of mice using a microcomputed
tomography system, and expressed as the percentage of
peripheric blood vessels volume to tumor one’s.
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