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Abstract

Eph receptors and ephrin ligands are master regulators of oncogenic signaling required for 

proliferation, migration, and metastasis. Yet, Eph/ephrin expression and activity in 

medulloblastoma (MB), the most common malignant brain tumor of childhood, remains poorly 

defined. We hypothesized that Eph/ephrins are differentially expressed by sonic hedgehog (SHH) 

and non-SHH MB and that specific members contribute to the aggressive phenotype. Affymetrix 

gene expression profiling of 29 childhood MB, separated into SHH (N=11) and non-SHH (N=18), 

was performed followed by protein validation of selected Eph/ephrins in another 60 MB and two 

MB cell lines (DAOY, D556). Functional assays were performed using MB cells overexpressing 

or deleted for selected ephrins. We found EPHB4 and EFNA4 almost exclusively expressed by 

SHH MB, whereas EPHA2, EPHA8, EFNA1 and EFNA3 are predominantly expressed by non-

SHH MB. The remaining family members, except EFNB1, are ubiquitously expressed by over 70–

90% MB, irrespective of subgroup. EFNB1 is the only member differentially expressed by 28% of 

SHH and non-SHH MB. Corresponding protein expression for EphB/ephrinB1 and B2 was 

validated in MB. Only ephrinB2 was also detected in fetal cerebellum, indicating that EphB/

ephrinB1 expression is MB-specific. EphrinB1 immunopositivity localizes to tumor cells within 

MB with the highest proliferative index. EphrinB1 overexpression promotes EphB activation, 

alters F-actin distribution and morphology, decreases adhesion, and significantly promotes 

proliferation. Either silencing or overexpression of ephrinB1 impairs migration. These results 

indicate that EphrinB1 is uniquely dysregulated in MB and promotes oncogenic responses in MB 

cells, implicating ephrinB1 as a potential target.
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Introduction

Medulloblastoma (MB), an invasive embryonal tumor of the cerebellum, is the most 

common malignant brain tumor in children [1]. Standard treatment includes whole brain 

irradiation for the prevention of metastasis; however, this carries a high risk of 

neurocognitive morbidity and is suboptimal treatment for pre-existing metastases [1]. 

Identifying the key molecular contributors to MB aggressiveness should yield more effective 

and less toxic tumor-targeted therapy.

Potential candidates for promoting MB metastasis include the Eph receptor protein tyrosine 

kinases and their ephrin ligands. Eph-ephrin complexes emanate bidirectional signals via 

cell-cell contacts: forward signals depend on Eph kinase activity in the Eph-expressing cell 

and reverse signal propagation depends on Src kinases in the ephrin-expressing cell [2]. 

Signaling can also be mediated by ephrins independent of Eph kinase activity [3, 4]. Eph 

signaling regulates migration and invasion through re-organization of the actin cytoskeleton 

and by impacting the activities of intercellular adhesion molecules [5, 6]. In humans, there 

are 9 EphA receptors, which promiscuously bind 5 GPI-linked ephrinA ligands, and 5 EphB 

receptors, which promiscuously bind 3 transmembrane ephrinB ligands [6]. Exceptions are 

the EphA4 and EphB2 receptors, which can bind ephrinBs and ephrinA5, respectively, and 

EphB4, which preferentially binds ephrinB2.

Eph-ephrin complexes promote adhesiveness, while the removal of these complexes from 

cell contact sites produces repulsive responses. Eph-dependent repulsive and adhesive forces 

can drive the segregation of cell populations expressing different repertoires of Eph 

receptors and ephrins [7–8]. For example, ephrinB loss results in the inability of the Reelin 

pathway to regulate neuronal cell migration in the developing cerebellum [9]. Animal 

models lacking Eph receptor expression also show impairment of normal cerebellar 

development [10–13].

Essentially all cancer cells express Eph receptors and/or ephrins and the expression levels 

correlate with metastasis and patient survival [14, 15]. Eph receptors and ephrins have been 

shown to affect tumor growth, invasiveness, angiogenesis, and metastasis in vivo [16, 17]; 

however, the expression and function of Eph/ephrins in MB remains ill-defined. Several 

published datasets provide evidence for expression of Eph/ephrins associated with the four 

MB subgroups: WNT, Sonic hedgehog (SHH), Group 3 and Group 4 [18–21]. However, 

deciphering the functional role of Eph/ephrins is difficult given that increased and decreased 

expression has been linked to cancer progression, and that Eph/ephrins can both promote 

and inhibit tumorigenicity [6, 10, 16]. The aim of this study was to better define the 

expression of Eph/ephrins in MB and to identify the leading candidates for promoting the 

aggressive phenotype typically observed in non-WNT MB.
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Materials and Methods

Cells and reagents

DAOY and D556, two validated human medulloblastoma cells, were used for investigation 

[20].

Patient tissue specimens

Twenty-nine fresh-frozen medulloblastoma (MB) specimens were acquired from the 

Children’s Healthcare of Atlanta (CHOA) tumor tissue repository. Normal fetal cerebellar 

tissue was obtained from Emory University Hospital Department of Pathology. Tissue 

microarrays were constructed from 60 parrafin-embedded MB obtained from AFIP 

Pathology and reviewed by two board-certified neuropathologists (MS, ER). The research 

protocols were approved by the institutional review boards of CHOA, Emory University, 

and AFIP. All tissue specimens were consented for and de-identified.

Microarray gene expression profiling

RNA was extracted from 29 frozen MB using Trizol (Invitrogen, Carlsbad, CA) and profiled 

by AROS Biosciences on the Affymetrix human genome U133 Plus 2.0 array with the 3′ 

IVT Express Labeling Kit (Affymetrix, Santa Clara, CA). Relative mean expression levels 

for each gene were calculated by the Affymetric microarray software. CEL files were 

preprocessed using RMA and probeset collapsed to genes using the Genepattern software 

suite (www.broadinstitute.org/cancer/software/genepattern/) [22]. Samples were then 

assigned to molecular subgroups as previously described, using a classifier based on 

support-vector machines [23].

Western blot

Western blot of whole cell lysates was performed using the primary antibodies, EphB1, 

EphB2, ephrinB1, ephrinB2, phospho-EphB1/B2 (Abcam, Cambridge MA), phospho-Src 

and GADPH (Cell Signaling Technology, Danvers, MA) and goat or rabbit anti-mouse 

horseradish peroxidase secondary antibodies (Santa Cruz, CA). Each blot is representative 

of at least three separate experiments.

Immunohistochemistry

Immunohistochemistry (IHC) was performed using the primary antibodies, EphB1, EphB2 

(Abcam, Cambridge MA), ephrinB1, ephrinB2 (R&D Systems, Minneapolis MN), and 

ephrinA3 (Antibodies Onlines, Atlanta GA) and tissue microarrays (TMA) comprised of 60 

MB. Negative and positive controls were normal fetal cerebellum and tumor tissues 

expressing the corresponding Eph/ephrins, including breast carcinoma (Abcam, Cambridge 

MA), respectively. Incubation with anti-Eph or -ephrin (1:150 dilution) was performed 

overnight at 4°C and immunodetection was performed using the Elite Vectastain ABC 

system (Vector Laboratories, Burlingame, CA). Color visualization was performed using 3, 

3′-diaminobenzide as the chromagen substrate (Innovex Biosciences, Pinole, CA). 

Haematoxylin was used as the counterstain. Each tissue sample was independently scored 

for positivity by two neuropathologists (ER or MS). Scoring was performed blinded and the 
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immunostaining results were graded as either negative or positive. The grading definitions 

used were established by the neurophathologists based on the relative diffuse cellular 

homogeneity observed for the specific target staining tested.

EphrinB siRNA transfection

EphrinB1 and ephrinB2 siRNA (166144F04 and163363D02) and negative control non-

targeting siRNA (12935-200) were purchased from Invitrogen (Grand Island, NY). For 

transfections, 1.2 × 105 cells were seeded in each well of a six-well plate and grown to 50–

60% confluency prior to transfection. Cells were transfected with siRNA using 

Lipofectamine 2000 (Invitrogen, Carisbad, CA) for 48 h according to the manufacturer’s 

instruction. The final concentration of siRNA was 100 nmol/l. Western blots were used to 

verify ephrinB1 expression.

EphrinB1 stable transfection

1.5 × 105 cells were seeded in 6-well plates and 5 ug of plasmid containing 

ephrinB1(Origene Technologies, Rockville MD) was mixed with varying amounts (7.5–20 

uL) of turbofectamine transfection reagent (Origine Technologies, Rockville MD) in 200 μl 

OPTI-MEM solution. 48h later, cells were split into a 75 cm2 flask and treated with G418 

and then passaged several times under selective G418. Western blots were used to verify 

stable ephrinB1 overexpression.

F-actin immunofluorescence

Cells grown on glass coverslips (Fisher) coated with 5 μg/cm2 fibronectin (Chemicon 

International) in a 24-well plate were fixed with PHEMO buffer (68 mM PIPES, 25 mM 

HEPES, 15 mM EGTANa2, 3 mM MgCl26H2O, 10% DMSO, pH 6.8) supplemented with 

3.7% formaldehyde (Fisher), 0.05% glutaraldehyde (Fisher) and 0.5% Triton X-100 (Fisher) 

and washed with PBS and blocked for 10–15 min in 10% goat serum (Cellgro). Actin was 

labeled by staining with Alexa Fluor 555 phalloidin (Invitrogen) at 1:40 in PBS and DNA 

was stained with 300 nM 4′-6-diamidino-2-phenylinodle, dilactate (DAPI, Invitrogen) for 5–

10 min in dH2O. Coverslips were mounted on microslides (Fisher) using 20–30 μl polyvinyl 

alcohol mounting media with DABCO anti-fade (Fluka) and allowed to dry overnight at 

room temperature. Morphology was determined by visualizing cells using a point scanning 

laser confocal microscope (LSM 510 META) and analyzing cell length and cell footprint 

area using Zeiss Image Browser’s region of interest tool (ROI).

Cell adhesion assay

Harvested cells were resuspended in 10% FBS containing EMEM (2.5 × 10e5 cells/ml) and 

2ml of suspension was added to each well of a 6-well plate coated with either fibronectin or 

collagen, and incubated for 30 min at 37°C. The assay was stopped by rinsing cells with 

PBS x 3. Cells were fixed and stained with 700 ml of staining solution (Chemicon 

International, Temecula, CA) and washed. Cells were eluted with extraction solution and 

100 uL transferred to a 96-well microtiter plate for absorbance reading at 570 nm. Each 

experiment was performed at least three separate times.
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Cell viability and proliferation assays

Cell viability and proliferation was measured by cell counting using trypan blue exclusion 

and MTT assay, respectively. For the MTT assays, cells (1500 cells/well) were seeded into 

96-well microplates. After 24h incubation, 10 uL of MTT reagent (consisting of 5mg 

Thiazolyl Blue Tetrazolium Bromide per 10 ml PBS) was added to each well, and incubated 

for 4h at 37°C. 100 uL of 0.04% HCl in isopropanaolol was added to each well and the 

spectrophotometric absorbance was measured at 570 nm using a Synergy Mx microplate 

reader. Each experiment was performed at least three separate times.

Cell migration and motility assays

Cell migration and motility was measured by scratch assay and real-time video microscopy, 

respectively. For scratch assays, cells (2.5 × 105/well) were seeded in 6-well plates, with or 

without fibronectin or collagen, and incubated overnight at 37°C. A p1000 pipet tip was 

used to scrape the cell monolayer to create a “scratch” and growth medium replenished. 

Corresponding scratches were photographed under light microscopy at time 0, 24, and 48h. 

Scratch widths at each time point were measured manually with changes in widths 

calculated over the first 24 hour period to avoid the impact of proliferation between 24–48 

hours. Each experiment was performed at least three separate times.

To capture images of single cell motility, a Perkin Elmer Ultraview ERS spinning disc 

confocal microscope was used. The confocal scanner is mounted onto a Zeiss Axiovert II 

microscope encased at 37°C with CO2 perfusion. Cells were plated on fibronectin-coated 

live cell imaging plates (Lab-Tek) and images were captured using a Zeiss 10x Plan-

Neofluar objective (NA = 0.3). Images were acquired using a Hamamatsu ORCA ER CCD 

camera every 10 min for 24 h at multiple z-planes. A motorized ASI stage was used to 

acquire images at multiple x and y coordinates throughout the sample. Image analysis was 

performed by manually tracking cells using Volocity software (Perkin Elmer).

Statistical analysis

For all pair-wise comparisons, results are analyzed using a 2-tailed Student’s t test. Values 

of P < .05 are considered to be statistically significant.

Results

Eph receptors and ephrin ligands are differentially expressed by MB

The mRNA expression data for EPHs and EFNs, and the accompanying histopathologic and 

clinical data, are provided in Online Resource 1. Profiles were compared with respect to 

sonic hedgehog (SHH) vs. non-SHH (Group 3 and 4). SHH tumors were further subdivided 

between desmoplastic histology, typically seen in infants and associated with good 

prognosis, and non-desmoplastic histology, which is seen more commonly in older children 

and is associated with an intermediate prognosis [24]. Expression of EPHA1, EPHA6 and 

EPHB3 was not detected. EFNA4 and EPHB4 are almost exclusively expressed by SHH 

MB, whereas EFNA1, EFNA3, EPHA2, EPHA8 are predominantly expressed in non-SHH 

MB. In contrast, the percentage of tumors with detectable expression, and the relative mean 

expression level, for SHH and non-SHH tumors is nearly identical for EFNB1, EFNB2, 
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EFNB3, EPHB1, EPHB2, and EPHB6. There was no detectable difference in the expression 

of any member between Group 3 and 4 tumors of the non-SHH MB sub-group.

Because of the relatively uniform expression in SHH and non-SHH MB for the functionally-

interacting pairs, EPHB1 and EPHB2 with EFNB2 and EFNB1, we focused on these specific 

family members for further characterization by protein expression in 60 additional MB and 

in two human MB cell lines, as shown in Online Resource 2. D556 cells are positive for 

EphB1/B2 and ephrinB1/B2 protein, while Daoy cells are also positive for each member, but 

equivocal for EphB1. As expected from the mRNA data, we detected positive protein 

expression for EphB1, EphB2 and ephrinB2 in over 95% MB, while ephrinB1 was detected 

in 15% MB. EphB1, EphB2 and ephrinB2 stained diffusely and densely positive in nearly 

every tumor analyzed, as did ephrinA3, a minor ligand for EphB1, while ephrinB1 strikingly 

showed positive staining that was primarily localized to the regions within the tumors 

containing more densely populated neoplastic cells displaying a higher MIB proliferative 

index associated with aggressive phenotypes (Fig. 1). Of these targets, only ephrinB2 was 

also detected in the developing fetal cerebellum, with positive expression restricted to the 

purkinje cells (data not shown), indicating that EphB1/B2 and ephrinB1 expression is tumor-

specific (Fig. 1). Although ubiquitously expressed in MB, ephrinB2 does not appear to be 

overexpressed, and thus because of its positive staining in normal cerebellum, we believe 

ephrinB2 to be more indicative of normal rather than oncogenic Eph/ephrin signaling.

EphrinB1 and ephrinB2 differentially regulate EphB1/B2 and Src activation in MB cells

It has been demonstrated that Eph-ephrin signal transduction can occur through recruitment 

and activation of Src [25, 26]. Therefore, we were interested in determining whether EphB 

receptor forward signaling activation in MB cells is dependent on specific ephrinB ligand 

interaction and whether specific ephrinBs can induce Src activation that is typically required 

for mediating reverse signaling. To address these questions, we knockdown ephrinB1 and 

ephrinB2 and then examined the phosphorylation of EphB1/B2 and Src compared to control 

transfected cells. With silencing of ephrinB1, we observed a modest decrease in the level of 

phosphorylated (p)-EphB1/B2, but no change in the level of p-Src (Fig. 2a). In contrast, 

ephrinB2 silencing resulted in a marked decrease in the level of p-EphB1/B2 and a 

concomitant reduction in the level of p-Src (Fig. 2b), as would be expected in normal 

ephrin-mediated reverse signaling.

To confirm that ephrinB1 directly modulates EphB1/B2 phosphorylation, we overexpressed 

ephrinB1. In comparison to control cells, ephrinB1 overexpression increased EphB1/B2 

phosphorylation, but did not change Src phosphorylation or the total level of the EphB1 

receptor (Fig. 2b). For all signaling studies, similar results were obtained in both D556 

(shown) and Daoy (Online Resource 5) cell types.

EphrinB1-mediated activation of EphB signaling regulates cell morphology, F-actin 
distribution, adhesion, proliferation, migration and motility of MB cells

EphB-mediated signaling can result in either tumor promoting or tumor inhibitory cellular 

responses. Thus, to identify the functional role of ephrinB1-mediated activation of EphB 
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signaling activity in MB cells, we investigated the effect of altered ephrinB1 expression on 

MB cell morphology, F-actin distribution, adhesion, proliferation, migration and motility.

In contrast to MB cells plated on fibronectin, which display a morphology characterized by 

cell spreading in monolayers to form cell-cell contacts, ephrinB1 overexpressing MB cells 

grown on fibronectin display strikingly contracted cells growing in segregated colonies (Fig. 

3a). Cells with ephrinB1 overexpression showed a clear change in the cellular distribution of 

F-actin, predominantly exhibiting a ring-enhancing pattern that was consolidated at the 

periphery of the cell membrane, suggesting a rearrangement in focal adhesion sites, while 

control cells demonstrated diffusely aligned F-actin distribution (Fig. 3b).

The morphologic and F-actin distribution changes in ephrinB1 overexpressing cells were 

associated with a concomitant decrease in cell adhesion to fibronectin (p<0.001) and 

collagen (p<0.001)) (Fig. 4). EphrinB1 overexpression also resulted in a significant increase 

in cell viability and proliferation as measured by cell counting and MTT assay (p=0.006, 

Online Resource 3). We were unable to propagate stable ephrinB1 knockdown cells for 

analysis by MTT assay, suggesting that ephrinB1 is critical for cell replication in culture. 

EphrinB2 knockdown cells appeared to show a trend towards inhibition of proliferation 

compared to control cells, but this did not quite reach significance (p=0.08, data not shown), 

in keeping with the concept that ephrinB2 acts more as a regulator of normal, rather than 

oncogenic, Eph/ephrin signaling. Because of this result, coupled to its positive staining in 

normal cerebellum, we elected not to further test the impact of ephrinB2 knock-down on 

other MB cell responses.

Finally, ephrinB1 knock-down resulted in a significant decrease in cell migration and 

motility (p=0.01) compared to control transfected cells, as measured by scratch assay (Fig. 

5a) and real-time video microscopy (Fig. 5b). Interestingly, ephrinB1 overexpression also 

significantly impaired cell motility on fibronectin, with cells showing a decrease in cell 

velocity (p=0.01, Online Resource 4) and an increase in non-directed cell meandering 

(p=0.05) compared to control cells, suggesting that a critical balance in ephrinB1 expression 

and activity is necessary to maintain optimal migration capacity. For all cellular response 

studies, similar results were obtained in both D556 (shown) and Daoy (Online Resource 5) 

cell types.

Discussion

Evidence implicates Eph receptors as master regulators in cancer cells; capable of 

potentiating or suppressing oncogenic signaling depending on the specific ephrin ligand 

interaction and the resultant bidirectional signaling [5, 6, 10, 16]. In a number of 

malignancies, including adult brain tumors, Eph and ephrin expression is dysregulated and 

correlates with cancer progression, metastatic spread and patient survival [27, 28]. However, 

only limited information exists for Eph-ephrins in medulloblastoma (MB). Herein, we 

present the most complete characterization of Eph/ephrins expression in MB, and in doing 

so, identify a unique tumor-specific pattern of expression for ephrinB1. First, analysis of two 

independent tumor cohorts revealed that ephrinB1 overexpression is observed in a subset of 

MB (~30% by mRNA and ~15% by protein, respectively), whereas the positive mRNA and 
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protein expression detected for all the other Eph family members investigated is ubiquitous 

(>90% of all MB), or primarily associated with either SHH or non-SHH type MB. Because 

of this unique expression pattern, we postulated that ephrinB1 could be a clinically 

targetable biomarker for the ~15–30% of highly aggressive MB that are refractory to 

standard treatment. Although our tumor cohorts are too small to confirm clinical 

associations, we noted in large public datasets of MB gene expression that ephrinB1 

overexpression is associated with Group 3 MB [18, 19], which typically has the highest rates 

of metastasis and comprises a large percentage of refractory MB. Furthermore, we found the 

combined positive protein expression of EphB1, EphB2, and ephrinB1 only in MB, and not 

in normal fetal cerebellum, confirming expression is tumor-specific. However, whereas 

EphB1 and EphB2 are diffusely expressed in MB, ephrinB1 is primarily restricted to the 

highly proliferative and dense cellular areas within the tumor associated with the most 

aggressive phenotypes, suggesting that ephrinB1 may have a separate and specific 

oncogenic role.

Indeed, we provide compelling evidence in support of a primary oncogenic role for 

ephrinB1-mediated signaling in MB cells (D556 and Daoy), by showing that ephrinB1 

overexpression significantly enhances cell viability and proliferation while promoting cell 

adhesion, motility, migration, as well as the morphology and F-actin distribution pattern that 

is characteristic of the aggressive cancer phenotype. However, the cellular responses were 

not associated with a concomitant change in EphB kinase activity, indicating that ephrinB1-

mediated reverse signaling, independent of EphB kinase-mediated forward signaling, is 

responsible for the changes we observed in these MB cells, as has been described in other 

cell types [3, 4]. Furthermore, and in contrast to ephrinB2, alterations in ephrinB1 

expression did not impact downstream Src activity, as is commonly seen in normal ephrin-

mediated reverse signaling. Together, these results indicate that ephrinB1 mediates a unique 

signaling pathway in MB cells that is clearly outside of the traditional EphB/ephrinB 

signaling axis. By comparison, ephrinB2, which is expressed by normal cerebellum and does 

not significantly impact MB cell proliferation, demonstrated a more normal cell signaling 

pattern through the Eph/ephrin axis. Yet, we also show that optimal activation of EphB1/B2 

forward signaling is dependent on concomitant interaction with ephrinB1 and/or B2, and 

thus ephrinB1 and ephrinB2 also function to promote signaling within the classic EphB1/B2 

pathway. These results have important clinical implications, as it suggests that dual targeting 

of Eph and ephrin within the complex may be necessary to fully impact oncogenic signaling.

EphrinB1 signaling induces invasion of glioma, pancreatic, gastric and leukemic cancer cells 

in vitro and in mouse tumor models [29–31]. And expression of EphB2 and ephrinB1 was 

shown to be significantly increased in MB [21]. However, in contrast to our study, 

ephrinB1-induced migration and invasion was ablated by knocking-down EphB2 [21]. In 

our study, ephrinB1 signaling promotes oncogenic responses that are seemingly independent 

of either EphB or Src activation, yet the mechanism remains to be elucidated. In glioma 

cells, Src-mediated ephrinB1 phosphorylation promotes RAC1-dependent invasion [32, 33], 

while suppression of ephrinB1 signaling in malignant T lymphocytes inhibits invasiveness 

[29]. Stimulation of EphB2 signaling with ephrinB1-Fc in colon carcinoma cells increased 

intercellular adhesion by promoting membrane localization of E-cadherin [34], but in 

McKinney et al. Page 8

J Neurooncol. Author manuscript; available in PMC 2016 January 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



colorectal cells lacking E-cadherin, a pro-repulsive response was observed [35]. In epithelial 

cells, ephrinB1 associates with the Par polarity complex protein Par-6, a scaffold protein 

required for establishing tight junctions, and can compete with the small GTPase Cdc42 for 

association with Par-6. This competition causes inactivation of the Par complex, resulting in 

the loss of tight junctions [36]. Interestingly, phosphorylated ephrinB1 can also bind and 

directly activate STAT3, a transcription factor involved in cancer progression [37], 

suggesting yet another possible mechanism by which ephrinB1 could promote oncogenic 

signaling in MB cells independent of EphB or Src. Because of our observed impact of 

ephrinB1 on MB cell propagation, further delineation of the possible association of 

ephrinB1 with the stem cell niche, as well as the signaling and functional roles of the EphB 

receptors and corresponding ephrinB ligands in preclinical investigation of MB in vivo, is 

warranted in order to validate these members as potential novel therapeutic targets in MB.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
EphrinB1 is differentially expressed in childhood medulloblastoma (MB).

Representative photomicrographs (40X) for immunohistochemistry of MB tissue 

demonstrate strong diffuse cytoplasmic and membrane positive immunostaining for EphB1, 

EphB2, ephrinB2 and ephrinA3. In contrast, positive immunostaining for ephrinB1 is 

restricted to islands within the tumor comprised of dense neoplastic cells with a higher 

mitotic proliferative index (far left middle panel). EphrinB1 immunostaining is negative in 

the less densely cellular neoplastic regions displaying a lower mitotic index within the same 

tumor (center middle panel) and is negative in normal fetal cerebellum (far right middle 

panel)
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Fig. 2. 
EphrinB1 and ephrinB2 differentially regulate EphB1/B2 and Src activation.

Representative phospho-specific and total protein Western blots of whole cell lysates of 

D556 native control MB cells (−) or D556 cells transfected with negative control siRNA 

(NC), ephrinB1 siRNA (+), ephrinB2 siRNA (+), or ephrinB1 cDNA (+), as indicated. 

GAPDH serves as internal protein loading control in each experiment. a) EphrinB1 

knockdown (left panels) results in a modest decrease in the level of EphB1/B2 

phosphorylation (forward signaling), but does not alter the level of Src phosphorylation 

(reverse signaling). EphrinB2 knockdown (right panels) results in a marked decrease in the 

level of EphB1/B2 and Src phosphorylation. b) EphrinB1 overexpression results in a modest 

increase in the level of EphB1/B2 phosphorylation, but does not alter the level of Src 

phosphorylation or total protein expression of EphB1
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Fig. 3. 
EphrinB1 signaling regulates cell morphology and F-actin distribution.

Representative photomicrographs (40X) of D556 native control cells compared to D556-

ephrinB1 stable overexpressing cells grown on fibronectin. a) Under light microscopy, D556 

control cells (left panel) spread out in monolayers and form long filamentous cell-cell 

contacts, while D556-ephrinB1 overexpressing cells (right panel) demonstrate contracted 

morphology and growth in segregated colonies. b) Under fluorescence microscopy, 

immunostaining for nuclear DNA (DAPI, blue, left panel), F-actin (phalloidin, red, middle 

panel) and merged (right panel) demonstrates that D556 control cells (upper panel row) have 

symmetrically aligned F-actin within long filamentous cellular protrusions, while D556-

ephrinB1 overexpressing cells (lower panel row) have rounded morphology, reduced cell-

cell contacts and decreased sites of cell adhesion, with F-actin concentrated primarily in the 

periphery of the cell membrane
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Fig. 4. 
EphrinB1 overexpression inhibits MB cell adhesion to fibronectin and collagen.

Graph of cell adhesion assay results demonstrate that D556-ephrinB1 stable overexpressing 

cells ((+) ephrinB1) have significantly reduced adhesion to fibronectin and collagen in 

comparison to D556 native control cells (NC), as measured by OD average absorbance at 

570 nm. Bars represent the mean ± SD of 3 separate experiments (**P<0.001)
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Fig. 5. 
EphrinB1 knockdown inhibits MB cell migration.

Scratch assay results of D556 cells transfected with negative control siRNA or ephrinB1 

siRNA at 0, 24 and 48 h time points after scratch induced. a) Representative 

photomicrographs (10X) of scratch assay under light microscopy at the indicated time points 

show that ephrinB1 knockdown cells are impaired in their ability to migrate inwards to fill 

in the scratch at 24 and 48 h compared to negative control cells. b) Graph of the average 

distance migrated in cm over 24 h in scratch assays demonstrates that ephrinB1 knockdown 

cells have significantly decreased migration in comparison to negative control cells. Bars 

represent the mean ± SD of 3 separate experiments (*P=0.01)
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