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Abstract 
 

EPHB2, an ephrin receptor (EPH) from receptor tyrosine kinase (RTK) family, is one of the 

substrates for tissue factor (TF) - coagulation factor VIIa (FVIIa) complex and it is cleaved in 

its ectodomain. EPHB2 cleavage is important for ephrin receptor (EPH) - ephrin ligand (EFN) 

signaling and cell repulsion. TF has been reported to be overexpressed in different cancer 

types such as breast and colorectal cancer (CRC). Furthermore, EPHB2 R155C mutation, at 

the TF/FVIIa-mediated cleavage site, has been identified as one of the somatic mutation sites 

in human metastatic CRC. Therefore, the aim of the present work was to characterize the 

EPHB2 R155C mutation and its effect on the cleavage by TF/FVIIa on EPHB2 in context to 

CRC. We generated overexpression cell models for EPHB2 wild type (wt) and R155C mutant 

in human CRC DLD-1 cell line for in vitro compartmentalization assay analysis to 

demonstrate repulsion event in EPH-EFN signaling. Whereas low endogenous TF expression 

led to incomplete cleavage of EPHB2 wt protein, stable overexpression of TF resulted in 

complete cleavage. Moreover, overexpression of TF resulted in reduced compartmentalization 

in EPHB2 wt cells after FVIIa treatment. Transient expression of TF in EPHB2 wt and 

R155C cells showed no clear difference in EPHB2 cleavage. Interestingly, it was difficult to 

obtain similar stable overexpression level of TF in EPHB2 R155C cells compared to EPHB2 

wt cells. This may lead to further research in context to the role of TF/FVIIa-mediated 

EPHB2 cleavage in CRC by the generation of TF overexpression cell lines using lentiviral 

transduction. 
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List of abbreviations 
 

ab - Antibody 

cDNA – Complementary DNA 

CRC – Colorectal cancer  

DNA - Deoxyribonucleic acid 

eGFP – Enhanced green fluorescent protein 

EPH – Ephrin receptor 

EFN – Ephrin ligand 

F3 – Gene encoding tissue factor 

FVII – Coagulation factor FVII 

FVIIa – Coagulation factor FVIIa (active form) 

rFVIIa – Recombinant coagulation factor VIIa 

HRP - Horseradish Peroxidase   

LBD – Ligand-binding domain 

MOI – Multiplicity of infection 

MQ – Milli-Q 

mRNA – Messenger RNA 

nM – Nanomolar 

OE – Overexpression 

PAR2 - Protease activated receptor 2  

P/S - Penicillin-streptomycin 

RNA - Ribonucleic acid 

RQ – Relative quantity 

RT – Room temperature 

RTK – Receptor tyrosine kinase 

TBS-T - Tris-buffered saline with Tween20 

TF – Tissue factor 

TF/FVIIa – Tissue factor and coagulation factor VIIa complex 

WT – wild type 
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1 Introduction  

1.1 Ephrin receptors (EPHs) and ephrin ligands (EFNs) 
 

Receptor tyrosine kinases (RTKs) are transmembrane receptors that transduce signals through 

the cell membrane and control cellular functions such as cell growth and cell differentiation 

(Van der Geer et al. 1994). The largest known RTK subfamily is the EPH receptor subfamily 

(Tuzi & Gullick 1994) which was first identified as overexpressed in an erythropoietin-

producing human hepatocellular carcinoma cell line (Hirai et al. 1987). Ephrin receptors 

(EPHs) comprise 14 members (Nakamoto 2000) divided into two different groups defined as 

type A and type B, being EPHA1-8;10 and EPHB1-4;6 according to their sequence 

similarities in the extracellular domains (Eph Nomenclature Committee 1997). EPH binding  

ligands are called ephrins (EFNs) and are also grouped in EFNA1-5 and EFNB1-3 subclasses 

according to their binding affinities to each EPH type (Eph Nomenclature Committee 1997). 

EFNAs are linked to the membrane by a glycosylphosphatidylinositol anchor, while EFNBs 

are linked via a transmembrane domain (Gale et al. 1996). Generally, EFNA ligands bind 

EPHA receptors and EFNB ligands bind EPHB receptors, with some exceptions such as 

EPHA4, which can be bound to either EFNA or EFNB (Lackmann & Boyd 2003) and 

EPHB2, which can be bound to EFNA5 as well as EFNBs (Himanen J-P et al. 2004). 

1.2 EPH-EFN signaling mechanisms 

 

In order to activate EPH receptors, EFN ligands need to be either membrane-bound or 

artificially clustered (Davis et al. 1994). When an EFN ligand binds to an EPH receptor, it 

leads to dimerization and subsequently tetramer formation of two EPHs and two EFNs (Janes 

et al. 2012) where each receptor interacts with both ligands and each ligand interacts with 

both receptors (Himanen J-P et al. 2001). Higher-order EPH-EFN clusters can be formed at 

the cell surface, although tetramerization is sufficient for signal transduction initiation 

(Himanen J-P et al. 2001, Himanen JP 2012). A unique characteristic of EPH-EFN signaling 

is that both EPH receptors and EFN ligands are capable of transmitting signals (Arvanitis & 

Davy 2008). When an EPH-expressing cell and an EFN-expressing cell come into contact, 

bidirectional signaling can be propagated into both the EPH-expressing cell, known as 

forward signaling, and into the EFN-expressing cell, known as reverse signaling. 

Unidirectional signaling can also occur only into the EPH-expressing cell or to the EFN-

expressing cell (Figure 1) (Kullander & Klein 2002, Pasquale 2010). Previous reports have 
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shown that bidirectional signaling between EPH and EFN expressing cells prevents 

intermingling of these two cell populations (Mellitzer et al. 1999). 

The EPH-EFN signaling has a role in cell morphology change resulting in cell adhesion or 

repulsion when EPH-expressing and EFN-expressing cells are opposing (Lackmann & Boyd 

2003). The consequence of EPH-EFN interaction in cellular response might vary depending 

on different aspects including the degree of EPH-EFN clustering (Stein et al. 1998, Nikolov et 

al. 2013). It was reported that different signaling responses mediated by EPHB1 can occur 

depending on the ligand density (Huynh-Do et al. 1999). In addition, cleavages in the EPH or 

EFN ectodomain result in termination of the receptor-ligand interaction which turns cell 

adhesion into cell repulsion and leads to disengagement of the interacting cells (Janes et al. 

2005, Egea & Klein 2007, Lin et al. 2008). 

 

Figure 1. Ephrin receptor (EPH) and ligand (EFN) structures and their signaling mechanism. EPHs have 

both extracellular and cytoplasmic domains. The extracellular domain consists of a ligand-binding domain, a 

cysteine-rich domain, two fibronectin III repeats and a juxtamembrane region; while the cytoplasmic domain 

consists of a tyrosine kinase domain, a sterile alpha motif (SAM) protein–protein interaction domain, a PDZ 

binding motif and tyrosine phosphorylation sites. Both EFNAs and EFNBs have EPH binding sites. While 

EFNAs are attached to the cell surface by a glycosylphosphatidylinositol anchor, EFNBs have a transmembrane 

domain with a short cytoplasmic region containing a PDZ-binding domain.  

ⓒ Snehangshu Kundu 
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1.3 EPH-EFN interactions in normal and tumor tissues 

 

Since EFNs are membrane-bound like the EPHs (Hubbard & Miller 2007), EPH-EFN 

signaling occurs at cell to cell contacts. This signaling controls processes related to cell-to-cell 

interactions during development, cell positioning and migration (Pasquale 2008, Singh 2012). 

EPH-EFN interactions have essential roles during nervous system development for neuronal 

pathfinding (Egea & Klein 2007) and also during the development of the skeleton (Compagni 

et al. 2003). In the intestine, EPH receptors and EFN ligands are expressed differently in 

different parts of the intestinal crypts, i.e. while EPHs are highly expressed at the bottom of 

the crypt where stem cells reside, EFNs are highly expressed at the top of the crypt where 

differentiated cells are situated (Batlle et al. 2002). Due to the differential expression gradient, 

EPH-EFN signaling leads to the control of cell positioning in the crypts (Batlle et al. 2002).  

 

EPHs and EFNs are also important for cancer development as they have been associated with 

both tumor suppression (Dodelet & Pasquale 2000, Liu et al. 2004, Huusko et al. 2004, Batlle 

et al. 2005) and tumor promotion (Nakada et al. 2004, Brantley-Sieders et al. 2011). In 

colorectal cancer (CRC), EPHB receptors have two different roles, during tumor progression 

they function as tumor promoters for adenoma formation (Genander et al. 2009) while during 

adenoma-carcinoma transition they function as tumor suppressors (Batlle et al. 2005). In 

intestinal adenomas, tumor cells expressing EPHB receptors compartmentalize as a result of 

repulsive interactions with normal epithelial cells expressing the EFNB1 ligand, restricting 

the expansion and dissemination of tumor cells into surrounding tissue (Cortina et al. 2007). 

Furthermore, EPHB2 is considered a marker for prognosis in CRC as EPHB2 high expression 

is correlated with increased mean overall survival (Jubb et al. 2005). 
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1.4 Somatic EPH mutations in cancer 

 

While EPH receptor expression levels’ change is known to be important for tumor 

progression, somatic mutations in EPHs can also contribute to cancer (Pasquale 2010) as 

many EPHs are mutated in different cancer types (Merlos-Suárez & Batlle 2008). EPHA3 has 

been identified as the most significantly mutated gene (Ding et al. 2008) in lung cancer, 

which has the highest number of genomic alterations in EPH family genes (Al-Ejeh et al. 

2014). EPHA3 was found to be mutated also in CRC (Bardelli 2003, Wood et al. 2006), 

melanoma and glioblastoma (Balakrishnan et al. 2007). Furthermore, EPHB6 somatic 

mutations were observed in lung cancer (Ding et al. 2008) which may contribute to metastasis 

(Bulk et al. 2012). In CRC, frequent EPHB2 mutations were reported (Alazzouzi et al. 2005) 

supporting the evidence that EPHB2 is inactivated in colorectal carcinomas (Batlle et al. 

2005). Other EPHB2 mutations were identified in prostate (Huusko et al. 2004), melanoma 

(NISC Comparative Sequencing Program et al. 2009) and gastric cancers (Davalos et al. 

2007). Moreover, somatic EPH receptor mutations in CRC were reported to be related to 

metastasis (Mathot et al. 2017). 

1.5 Tissue factor (TF) – coagulation factor VIIa (FVIIa) complex 
 

Tissue factor (TF, CD142) is a transmembrane protein encoded from the F3 gene (Mackman 

1995) and it is considered the physiological initiator of blood coagulation (Butenas et al. 

2009). TF is constitutively expressed in many cells outside the vasculature and not exposed in 

the blood under resting conditions (Nemerson 1988). TF functions as a receptor for 

coagulation factor FVII/FVIIa, a circulating serine protease (Mackman 2009). FVIIa has 

tryptic cleavage specificity and requires an arginine (Arg) residue at the P1 position at the 

cleavage site in its substrates (Larsen et al. 2007). The TF/FVIIa complex initiates the 

extrinsic pathway of blood coagulation which results in thrombin generation, platelet 

activation and formation of a fibrin clot (Drake et al. 1989, Mackman 2004). Advanced 

cancer is considered a prothrombotic or hypercoagulable state where tumor cells can activate 

the coagulation system and cancer patients often display high rates of thrombotic 

complications (Caine et al. 2002) and disturbances of hemostasis (Rickles et al. 1992). 

 

Non-physiological TF expression is found in several malignancies such as breast, pancreatic 

and colon cancer (Callander et al. 1992) and it is associated with tumor invasion in advanced 

tumor stage (Yamashita et al. 2007). In vitro studies showed that TF knockdown suppressed 
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tumor invasion (Nitori et al. 2005). Likewise, experimental evidence support a role for TF in 

tumor progression as elevated levels of TF are associated with promoting metastasis in 

melanoma cells in mice (Bromberg et al. 1995). Further studies in animal models have 

provided evidence that both TF-dependent coagulation activation and cell signaling promotes 

tumor progression and metastasis (Versteeg et al. 2008, Ruf et al. 2011). In the case of CRC, 

TF overexpression in patients was reported to be important for liver metastasis and it is 

correlated with poor prognosis (Seto et al. 2000). In CRC, expression of TF is upregulated as 

a result of two events: activation of KRAS and inactivation of TP53 (Yu et al. 2005). TF is 

crucial for both angiogenesis and carcinogenesis in CRC and it is identified as a potential 

prognostic marker in this type of cancer (Rao et al. 2011).  

1.6 EPHB2 cleavage and mutation site association 
 

In addition to previous discoveries of protease activated receptor 2 (PAR2) (Camerer et al. 

2000), Eriksson et al. identified EPHA2 and EPHB2 as target proteins for the proteolytic 

activity of TF/FVIIa (Figure 2B). EPHB2 cleavage site was identified to be near its N-

terminal domain, after an arginine residue (R155), a conserved amino acid (Figure 2A) 

located in the ligand-binding domain (LBD) of EPHB2 (Eriksson et al. 2014). The TF/FVIIa 

cleavage on EPHB2 affected its interaction with EFNB1 which resulted in increased cell 

repulsion in a transwell assay (Eriksson et al. 2014). The somatic mutation R155C was 

identified in metastatic colorectal cancer (Table 1)(Mathot et al. 2017) and glioblastoma 

samples (The Cancer Genome Atlas, TCGA) at the site of EPHB2 cleavage. 

 

 

 

 

 

 

 

 

 

 

 

 

https://portal.gdc.cancer.gov/ssms/3dee7bd0-8b92-5717-b0cb-5eb326c6e50c
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                        A                                                                           B 

                                                 

Figure 2. Association between the EPHB2 R155C mutation and EPHB2 cleavage site. (A) Ephrin receptors’ 

protein sequence alignment in the conserved arginine (R) residue (R155 marked with a red diamond). (B) 

TF/FVIIa complex cleaves EPHA2 and EPHB2 after the conserved R155 residue in their ligand-binding domain 

(LBD) (Eriksson et al. 2014).  

 

 

Gene Reference 

allele 

Mutant 

allele 

Mutation type cDNA and amino acid change 

EPHB2 C T nonsynonymous_SNV EPHB2:NM_004442:exon3:c.C463T:p.R155C 

 

Table 1. EPHB2 R155C mutation in metastatic colorectal cancer (Mathot et al. 2017) selected for this study. 

Here, SNV, single nucleotide variant. 

 

1.7 Aim of the study 

 

Since it has been shown that TF/FVIIa cleaves EPHB2 after the R155 residue in the ligand-

binding domain (Figure 2B) (Eriksson et al. 2014) and the somatic R155C mutation was 

observed in advanced metastatic colorectal cancer (Table 1) (Mathot et al. 2017) and 

glioblastoma samples (The Cancer Genome Atlas, TCGA), the aim was to: 

 

• Test the existence of a cleavage site in EPHB2 through the overexpression of EPHB2 

wild type and the R155C mutant in the DLD-1 CRC cell line. 

• Study the importance of this cleavage for EPHB2 function. 

• Understand how the EPHB2 R155C mutation affects the cleavage by TF/FVIIa and 

the EPHB2 response to EFNB1 ligand. 

 

https://portal.gdc.cancer.gov/ssms/3dee7bd0-8b92-5717-b0cb-5eb326c6e50c
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2 Materials and methods 

2.1 Mammalian cell culture 
 

Parental DLD-1 (CCL-221) CRC cells were purchased from ATCC (USA). All cells were 

maintained in McCoy’s 5A complete medium (Thermo Fisher Scientific, USA), with added 

10% fetal bovine serum and 1% penicillin-streptomycin (Thermo Fisher Scientific, USA) at 

37 ºC in 5% CO2. All cell lines (eGFP, mCherry, EPHB2 wt, EPHB2 R155C and EFNB1) 

except from parental DLD-1 cells were cultured in medium containing 1 µg/ml puromycin 

(Thermo Fisher Scientific). Overexpression cell lines for TF (NM_001993.4) in the EPHB2 

wt and EPHB2 R155C were cultured in complete medium containing 1 µg/ml puromycin and 

250 µg/ml hygromycin B (ThermoFisher Scientific, USA). 

2.2 Lentiviral and plasmid constructs 
 

Lentiviruses harbouring custom-designed vector backbone pReceiver-Lv225 with EPHB2 wt 

and EPHB2 R155C labelled with eGFP and pReceiver-Lv224 with EFNB1 labelled with 

mCherry were purchased from LabOmics (Belgium) (Figure 3A-B). Fluorescent eGFP and 

mCherry markers were located downstream of IRES2. Negative control constructs expressing 

only eGFP or mCherry were also obtained from LabOmics (Belgium). Tissue factor (F3)-

overexpression construct in pReceiver-M67 plasmid backbone was obtained from 

GeneCopoeia™ (USA) (Figure 3C). 
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Figure 3. Lentiviral and plasmid construct designs enrolled in this study. Lentiviral construct designs for 

(A) EPHB2 wt, EPHB2 R155C mutant and (B) EFNB1 with a C-terminal 3xFLAG tag were cloned downstream 

of EF1-constitutive promoter in pReceiver-Lv225 and pReceiver-Lv224 vectors, respectively. (C) 

Overexpression plasmid for tissue factor, F3 cloned downstream of CMV-promoter in pReceiver-M67 plasmid 

backbone. Here, EF1, Human elongation factor-1 alpha mammalian constitutive promoter; ORF, open reading 

frame where EPHB2 wt and EPHB2 R155C, EFNB1 and F3 (NM_001993.4) cDNAs were cloned; IRES and 

IRES2, internal ribosomal entry sites; eGFP, enhanced green fluorescent protein; mCherry, modified red 

fluorescent protein; Puro, puromycin-N-acetyltransferase gene; pUC ori, pUC origin of replication; Amp, 

ampicillin; beta-lactamase gene for bacterial selection; cPPT, central polypurine tract; PRE, posttranscriptional 

regulatory element; WPE, Woodchuck hepatitis virus posttranscriptional regulatory element; 5’ and 3’LTR, 5’ 

and 3’ long terminal repeats; Hygromycin, hygromycin B phosphotransferase gene (hph) E.coli; CMV, 

cytomegalovirus constitutive promoter; MC1 and 2, multiple cloning site 1 & 2; SV40 polyA signal, 

transcription termination polyA signal sequence from Simian Virus 40.  

 

2.3 Generation of stable cell lines overexpressing EPHB2 wt, EPHB2 R155C and 

EFNB1 

The day before transduction, 50,000 cells were plated in each well of a 24-well plate. Viruses 

were diluted in 250 µl of normal growth medium with 7.5 mg/ml Sequa-Brene (Sigma-

Aldrich, USA) per well. The plating medium was removed and 250 µl of diluted virus 

(multiplicity of infection (MOI) of 10) was added to each well. After 24h incubation at 37 ºC, 

media containing virus were replaced with fresh medium. After 48h incubation, transduced 

cells were selected with puromycin (1 µg/ml). 

 

 

A B

C
F3

-
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2.4 Lipofectamine-mediated transfection for stable and transient TF 

overexpression in EPHB2 wt and EPHB2 R155C overexpressing DLD-1 cells 

EPHB2 wt and EPHB2 R155C overexpressing DLD-1 cells were stably transfected by using 

Lipofectamine 3000 transfection kit (Thermo Fisher Scientific) with tissue factor plasmid (F3) 

(GeneCopoeia, USA). Briefly, 5 x 105 cells were plated into 24-well plate and attached to 

grow overnight at 37 ºC. The next day, the media (McCoy’s 5A with 10% FBS and 1% P/S) 

was replaced with 150 μl of reduced serum medium, Opti-MEM (Thermo Fisher Scientific, 

USA). Dilutions containing lipofectamine (48,5 μl of Opti-MEM and 1,5 μl of lipofectamine) 

and P3000 with the plus reagent (46 μl of Opti-MEM, 2 μl plus reagent and 2 μl of F3 

plasmid (0,8 μg/μl)) were prepared in two different tubes. The tubes were mixed together and 

incubated at room temperature (RT) for 15-20 minutes. Afterwards, 100 µl of the DNA-

lipofectamine mixture was added to each well containing 150 μl Opti-MEM. The cells were 

incubated at 37 ºC for 4 hours. After that, 1 ml of complete medium (McCoy’s 5A) was added 

to each well to prevent from getting dry. The cells were then incubated at 37 ºC for 48h. On 

the third day, cells were trypsinized and plated into 250 μg/ml hygromycin medium selection. 

For transient transfection, the same procedure was performed, using an extra control well with 

only added lipofectamine without the F3 plasmid. After 48 hours of incubation at 37 ºC, 

EPHB2 wt and EPHB2 R155C overexpressing cells were treated with 10 nM FVIIa for 24h. 

Cells were then proceeded with the cleavage assay described in 2.10. 

2.5 Sanger sequencing 

 

The EPHB2 R155C mutation was detected by Sanger sequencing at the transcript level. Total 

RNA was isolated from DLD-1 cells expressing EPHB2 wt and mutant with the QIAshredder 

(Qiagen, Germany) and RNeasy Plus Mini Kit (Qiagen, Germany). First strand cDNA 

synthesis was carried out with the RevertAid H-minus First Strand cDNA synthesis kit 

(Thermo Fisher Scientific, USA). Afterwards, PCR amplification was carried out using cDNA 

as template and designed primers (forward primer 5’-AGGGTGGGAAGAGGTGAGTGG-3’ 

and reverse primer 5’-AGATGGACAACCTCGGCAGAC-3’). RT-PCR was performed in 20 

µl reactions containing 1x PCR buffer (Phusion HF buffer, Thermo Fisher Scientific, USA); 

0.2 mM dNTPs (Thermo Fisher Scientific, USA), 0.5 µM forward and reverse primers 

(Sigma-Aldrich, USA), 0.02 U Phusion Hot Start II High-Fidelity DNA polymerase (Thermo 

Fisher Scientific, USA) and 3-5 ng/µL cDNA. Reactions were carried out in a 96-well ABI 
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2720 thermocycler (Applied Biosystems, USA) with the following protocol: 98ºC for 30 sec; 

30 cycles of 98ºC for 10 sec, lowest melting temperature primer minus 2ºC for 15 sec, 72ºC 

for 20 sec; 72ºC for 10 min. Electrophoretic agarose gel was performed to confirm the correct 

size of the amplified fragments before sending for Sanger sequencing at Eurofins Genomics 

(Germany). The mutation site in EPHB2 R155C was confirmed using SnapGene software 

(from Insightful Science; available at snapgene.com) (Figure 5B). 

2.6 RT-qPCR analysis  
 

Transcript expression quantification by RT-qPCR was carried out using TaqMan-based cells-

to-CT method. All cDNAs were prepared directly from cell lysates (parental DLD-1, eGFP, 

mCherry, EPHB2 wt, EPHB2 R155C and EFNB1) using the Cells-to-CT kit (Thermo Fisher 

Scientific, USA). Briefly, 2,000 to 8,000 cells per well were plated in a 96-well plate and 

grown overnight. Next day, the medium was aspirated and the cells were washed with HBSS. 

Lysis buffer was prepared using lysis solution (49.5 µl x N) and DNase (0.5 µl x N) and kept 

on ice. HBSS was taken out and 50 µl of lysis buffer was added to each sample. Cells were 

dissolved in the lysis solution using the pipette, transferred to 0.2 ml-PCR tubes and incubated 

at RT for 5-7 minutes. Then, 5 µl of stop solution was added to each tube and mixed with the 

pipette. The tubes were transferred on ice to proceed with cDNA synthesis. The cDNA mix 

containing 2x RT-Buffer (25 µl x N), MQ water (2.5 µl x N) and 20x RT enzyme (2.5 µl x N) 

was prepared in a 1.5 ml micro tube (“N” represents number of reactions). For each sample, 

30 µl of the cDNA mix was transferred into new PCR tubes, where 20 µl of the cell lysates 

were added and mixed. cDNA synthesis was run in a thermocycler (Applied Biosystems, 

USA) with 50 µl as maximum volume for 37 °C for 60 minutes followed by 95 °C for 5 

minutes. RT-qPCR reaction mix was prepared for each TaqMan probe (EPHB2, EFNB1, F3 

and β-Actin) on ice using 2x TaqMan buffer (10 µl x N), 20x TaqMan probe (1 µl x N) and 

MQ water (5 µl x N). In the RT-qPCR plate, 16 µl of each probe mix was added to 4 µl of the 

cDNA of each sample. The plate was covered with optical adhesive film and centrifuged for 1 

min at 1000 rpm before being read in the StepOnePlus (USA) machine. Overexpression of 

EFNB1, EPHB2 wild-type and mutant as well as the TF expression were measured at the 

transcript level by RT-qPCR using described transcript specific TaqMan assays. β-Actin was 

used as endogenous control, while parental DLD-1 cells were used as reference sample (Table 

2). 

 



13 

 

Gene TaqMan Probe ID (Thermo Fisher Scientific) 

EPHB2 Hs01031829_m1 

F3 Hs01076032_m1 

-actin Hs01060665_g1 

EFNB1 Hs00270004_m1 

 

Table 2: List of TaqMan probe IDs used for RT-qPCR quantification. 

2.7 Western blot  

 

EPHB2 wt, EPHB2 R155C and EFNB1 proteins were detected by western blot. Cells plated 

in 6-well plates were lysed in ice-cold RIPA buffer (Thermo Scientific) containing 0.5% 

Pefablock, 1% sodium orthovanadate and 1% protease inhibitor cocktail (Roche) and 

collected into 1.5 ml micro tubes using cell scrapers. Cell lysates were kept on ice for 30 

minutes, followed by centrifugation at 13,000 rpm for 25 minutes at 4°C before collecting the 

supernatant to new tubes. Protein concentration estimation was performed with Pierce™ BCA 

Protein Assay Kit (Thermo Fisher Scientific, USA) and 15 μg of total protein was loaded onto 

each lane of 4-12% gradient NuPAGE™ Novex™ Tris-Acetate Protein Gel (Thermo Fisher 

Scientific, USA). Proteins were transferred from the gel to a membrane using iBlot Gel 

Transfer nitrocellulose stacks (Thermo Fisher Scientific, USA). The membranes were cut into 

two pieces according to the size of the proteins. The membrane for 3x-FLAG-tag was blocked 

with 3% non-fat dry milk in TBS-T, while the membrane for β-actin was blocked with 5% 

BSA in TBS-T for 1h at RT. Afterwards, primary antibody incubations were performed with a 

dilution of 1:2,000 for the 3x-FLAG-tag (F3165, SIGMA, USA) and 1:10,000 for the β-actin 

(47778, Santa Cruz Biotechnology, USA) in the respective blocking buffers for 1h at RT. 

After being washed in TBS-T for two times for 5 minutes each, membranes were incubated 

with HRP-conjugated secondary anti-mouse antibodies (31430, Thermo Fisher Scientific, 

USA) in 5% BSA in TBS-T for 1h at RT. Membranes were then washed with TBS-T for three 

times for 5 minutes. Proteins were detected using the SuperSignal West Femto Maximum 

Sensitivity Substrate kit (Thermo Fisher Scientific, USA) in the Amersham Imager 680 

(USA).  
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2.8 In vitro compartmentalization assay 
 

 Red cells Green cells 

1 mCherry eGFP 

2 mCherry EPHB2 wt-eGFP 

3 mCherry EPHB2 R155C-eGFP 

4 EFNB1-mCherry eGFP 

5 EFNB1-mCherry EPHB2 wt-eGFP 

6 EFNB1-mCherry EPHB2 R155C-eGFP 

 

Table 3. List of co-culture of cells used for the compartmentalization assay. 

 

Single autoclaved cover glasses were placed to each well of a 6-well plate with a sterile 

forceps and 2 ml of 1x polyornithine (PO) (Sigma) was added to each well, in a way that the 

cover glasses did not float and stayed submerged in the liquid. The plate was incubated at 37 

ºC overnight. The next day, PO was taken out and the cover glasses were washed three times 

with MQ water. Then, 2 ml of 1x laminin (Sigma) was added to each well and the plate was 

incubated at 37 ºC overnight. Next day, laminin was taken out and cover glasses were washed 

with 1x PBS (pH-7.4) before plating the cell suspension mixes. DLD-1 cells expressing 

EPHB2 wt or mutant as well as EFNB1 labelled with eGFP or mCherry, respectively, were 

mixed in suspension at a 1:3 ratio (Table 3) and plated at a density of 130,000 cells/cm2 on 

coverslips coated with 2 mg/cm2 laminin and were incubated at 37 ºC in 5% CO2. After 48h, 

cover glasses were washed once with 1x PBS. Afterwards, cells were fixed with 4% 

paraformaldehyde (prepared in 1x PBS pH-7.4) for 15-20 minutes at RT. Then, cover glasses 

were washed with 1x PBS (pH-7.4) for 3 times. The cover glasses were then taken out with 

the forceps, dried with a tissue paper and mounted with Fluoromount G with DAPI 

(SouthernBiotech, USA) on coverslips and waited for 5 minutes. When they were dried, the 

peripheries were sealed with nail polish and the slides were stored at 4°C. This experiment 

was performed twice. 

 

 

Table 4. List of co-culture of cells used for compartmentalization assay after stable TF transfection into EPHB2 

wt cells, with or without FVIIa treatment. Here, TF, tissue factor; OE, overexpression. “-“ denoted without 

rFVIIa treatment, “+” denoted with rFVIIa treatment for 48h. The co-culture of mCherry only expressing cells 

with EPHB2 wt cells was used as negative control. 

 Red cells Green cells rFVIIa treatment 

1 mCherry EPHB2 wt-eGFP (TF-OE) - 

2 mCherry  EPHB2 wt-eGFP (TF-OE)  + 

3 EFNB1-mCherry  EPHB2 wt-eGFP (TF-OE) - 

4 EFNB1-mCherry  EPHB2 wt-eGFP (TF-OE) + 
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For the in vitro compartmentalization assay with recombinant FVIIa (rFVIIa) treatment, the 

assay was performed as described previously but this time using only EPHB2 wt 

overexpressing cell line co-cultured with either EFNB1 ligand or with mCherry only 

expressing cells (Table 4). After overnight incubation of the plated cells, medium was 

replaced with complete McCoy’s 5A medium supplemented with 10% fetal bovine serum and 

1% penicillin-streptomycin, containing 10 nM rFVIIa. The cells were incubated with rFVIIa 

for 48h. One control well for each co-culture was kept without rFVIIa treatment. 

2.9 Confocal image analysis  
 

Image analysis and quantification of eGFP cell clusters were conducted by ImageJ software. 

Slides from the compartmentalization experiments were subjected to confocal image analysis. 

Images were captured with Zeiss LSM700 (USA) confocal microscope from five random 

fields with 20x objective at 8 µm in the z-axis from two replicate experiments. Cell sorting 

was quantified by counting the number of cells present in each eGFP-positive cluster of 

approximately ten representative fields from two experimental repeats by creating an ImageJ 

macro. Number of eGFP-positive cells in clusters of different sizes were grouped as 0-10, 11-

30, 31-50 and more than 50. The percentage of eGFP-positive cells that form different sized 

clusters were counted using Image J software.  

2.10 EPHB2 cleavage assay by rFVIIa stimulation 
 

Approximately, 500,000 cells, expressing EPHB2 wt or EPHB2 R155C were seeded at 

around 70-80% confluence in 6-well plates and were attached overnight. Next day, complete 

growth media was replaced with media containing 10, 50 or 100 nM rFVIIa. One well was 

kept untreated for each hour as negative control. After 1, 6 and 24 hours, cells were harvested. 

When performing western blot for the cleavage assay, SuperSignal™ Western Blot Enhancer 

Kit (Thermo Fisher Scientific) was used to enhance the signal. Briefly, the steps were 

followed as regular western blot protocol as previously described (2.7) until the transfer using 

iBlot Gel Transfer nitrocellulose stacks (Thermo Fisher Scientific, USA). The membrane was 

washed 3 times with MQ water with shaking. Antigen pre-treatment solution was added to the 

membrane and left for shaking for 10 minutes at RT. After that, the membrane was washed 5 

times with MQ water and incubated with blocking buffer for 1 hour at RT, followed by 3 

times washing with TBS-T for 5 minutes. Then the membrane was cut into two parts 
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according to the protein sizes of interest. Primary antibodies were diluted in the primary 

antibody diluent provided by the kit using 1:20,000 and 1:10,000 as dilutions for 3x-FLAG-

tag-ab (F3165, SIGMA) and β-actin-ab (47778, Santa Cruz Biotechnology), respectively. For 

the TF primary antibody (NBP2-15139, Novus) 1:1,500 dilution was used. The membranes 

were incubated with the primary antibodies for 1h at RT for the 3x-FLAG-tag and β-actin 

membrane, and overnight at 4 ºC for the TF membrane. The membranes were then washed 4 

times with TBS-T for 5 minutes. The membranes for 3x-FLAG-tag and β-actin were 

incubated with the anti-mouse secondary antibody (31430, Thermo Fisher Scientific, USA), 

while the membrane for TF was incubated with anti-rabbit secondary antibody (31460, 

Thermo Fisher Scientific, USA) with a dilution of 1:40,000 in blocking buffer for 30 minutes 

at RT with shaking. Afterwards, membranes were washed with TBS-T 4 times for 5 minutes. 

SuperSignal West Femto Maximum Sensitivity Substrate kit (Thermo Fisher Scientific, USA) 

and Amersham Imager 680 (USA) were used to detect the proteins. 

2.11 Real-time growth curve analysis in IncuCyte 

 

For real time growth assays in complete McCoy’s 5A tissue culture medium (Thermo Fisher 

Scientific, USA), 2,000 cells for each cell line with 8 replicates were seeded in each well of a 

96-well plate. The plates were kept in an IncuCyte (Essen BioScience, USA) instrument 

placed inside a tissue culture incubator at 37 ºC in 5% CO2.  Cell confluency was monitored 

for 8-9 days.  

3 Results 

3.1 Cell growth was not affected by overexpressing EPHB2 wt and R155C in 

DLD-1 cells 
 

The somatic mutation R155C (C463T) in EPHB2 transcript was detected by Sanger 

sequencing using EPHB2 wt and R155C overexpression DLD-1 CRC cell lines (Figure 5B). 

Before sending the samples for Sanger sequencing, agarose gel electrophoresis was performed 

to confirm the size of the fragments (700 bp) using designed EPHB2 primers. EPHB2 

expression was observed in EPHB2 wt and EPHB2 R155C overexpressing cells as well as in 

eGFP only expressing cells due to the endogenous expression of EPHB2 in DLD-1 cells 

(Figure 5A). 
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The overexpression of wild-type and mutant EPHB2 as well as EFNB1 was quantified by RT-

qPCR. It was observed that the overexpression level of EFNB1 was around 110 times higher 

than the reference control parental DLD-1 cells, while the overexpression level of wild-type 

and mutant EPHB2 transcripts were only 7 times and 14 times higher respectively, compared 

to the reference sample (Figure 5C). Since the overexpression level of wild-type and mutant 

EPHB2 transcripts were lower than expected, lentiviral transductions were performed again 

with different titers of lentivirus: MOI of 2.5, 5.0 and 10. However, higher overexpression 

levels were not obtained after the new transductions (Figure 4). Therefore, experiments were 

performed with the first set of cell lines. 

To confirm the overexpression of EPHB2 wt, EPHB2 R155C receptor and EFNB1 ligand 

proteins, western blot analysis was performed. The overexpressed wild-type and mutant 

EPHB2 and EFNB1 proteins of correct molecular weight of approximately 125 kDa and 50 

kDa, respectively (Figure 5D) were observed using 3x-FLAG-tag antibody. A second band 

due to glycosylation was present in both EPHB2 wild type and mutant proteins, being clearer 

in the mutant (Figure 5D). IncuCyte analysis was performed to measure cell viability and 

genetically engineered cell lines were not affected in cell growth property (Figure 5E). 

 

Figure 4. Overexpression level of EPHB2 wt could not be enhanced more than six fold by using different 

MOIs of lentivirus. RT-qPCR analysis from different batches of lentiviral transductions with different MOIs to 

achieve the same level of expression of EPHB2 wt as in EPHB2 R155C (13 times; Figure 5C) was performed 

using DLD-1 as reference sample and beta actin as loading control. Error bar is shown as standard deviation. 

Here “*” referred to the line used for all the downstream experiments. 
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Figure 5. Genetically engineered cell lines overexpressing EPHB2 wt and EPHB2 R155C transcripts and 

corresponding proteins without affecting their normal growth. (A) Validation of EPHB2 R155C (C643T) 

mutation at the transcript level. The position for the point mutation (C>T) was confirmed by Sanger sequencing 

and highlighted with a blue bar in (B, upper panel) EPHB2 wt and (B, lower panel) EPHB2 R155C 

overexpression DLD-1 cells. (C) Relative quantity (RQ) of overexpression of EPHB2 wt, R155C and EFNB1 at 

the transcript level was measured by RT-qPCR with respect to DLD-1 as a reference sample using β-Actin as 

endogenous control. This result was combined from three repetitive experiments (ns, non-significant; Mann-

Whitney test). (D) Western Blot for the detection of overexpressed EPHB2 wt, EPHB2 R155C and EFNB1 

proteins using FLAG antibody (upper panel) and β-Actin as loading control (lower panel). Parental DLD-1, 

eGFP and mCherry were used as negative controls. This experiment was repeated for three times loading 15 g 

of total protein. (E) Real time growth curve analysis of overexpression lines of eGFP, mCherry, EPHB2 wt, 

EPHB2 R155C and EFNB1 in IncuCyte using DLD-1 as a control. 
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3.2 EPHB2 wild type and R155C mutant behave similarly in in vitro 

compartmentalization assay 

 

To investigate the functional effect of the EPHB2 R155C mutation in CRC, in vitro 

compartmentalization assay was performed as described previously (Cortina et al. 2007). 

When EPHB2 wt receptor and EFNB1 ligand-expressing cells were co-cultured (Figure 6E), 

less than 80 clusters were made of more than 50 cells. However, when the ligand was absent 

no large clusters were observed (Figure 6B). On the other hand, in the co-culture of EPHB2 

R155C and EFNB1 ligand-expressing cells (Figure 6F), the number of very large clusters was 

around 70 (Figure 6G), showing a similar phenotype to EPHB2 wt. Interestingly, when the 

EPH-EFN interactions were absent in EPHB2 R155C cells (Figure 6C), around 40 clusters 

were made of more than 50 cells, however the result was non-significant (Figure 6G). 
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Figure 6. EPHB2 wt and EPHB2 R155C cells showed similar extent of compartmentalization when co-

cultured with EFNB1 overexpressing cells. (A-F) The compartmentalization phenotype of both wild-type and 

mutant EPHB2 receptor in presence of the EFNB1 ligand are shown with white arrows. (G) Quantification of 

eGFP-positive cells forming clusters of different sizes (0-10, 11-30, 31-50 and more than 50 cells). The 

difference between the formation of clusters in different co-cultures were assessed by Mann-Whitney U test. (ns, 

non-significant, p > 0.05; *, significant, p<0.05). The percentage of eGFP-positive cells forming clusters of 

different sizes were counted using Image J software. 
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3.3 Partial cleavage of EPHB2 by TF/FVIIa in EPHB2 wt cells 
 

In order to observe whether the cleavage is occurring in DLD-1 cells, as RT-qPCR analysis 

demonstrated that the DLD-1 cell line expressed moderate amounts of TF mRNA (data not 

shown), cleavage assays were performed by treating EPHB2 wt and EPHB2 R155C 

overexpressing DLD-1 cells with recombinant FVIIa. We also wanted to assess if the EPHB2 

R155C mutation would prevent EPHB2 cleavage by the TF/FVIIa complex.  

First, 10 nM of rFVIIa was used to treat the EPHB2 wt and EPHB2 R155C cells for 1h and 6h 

using complete medium or starvation medium (containing 0.1% FBS). In the western blot, at 

the lane for EPHB2 wt cells at 6h, it was observed that there was a third band under the 

second band, which we think it shows partial cleavage as it was not observed in the untreated 

cells (Figure 7A). Although it is not clear, the mutation might have prevented the cleavage. 

We thought that rFVIIa concentration could be the limiting factor for a complete cleavage in 

DLD-1 cells. Therefore, the experiments continued with increased FVIIa concentration of 50 

nM and with longer treatment times (6h and 24h). When the cells were treated with 50 nM 

rFVIIa, the fade band under the second band was still visible in the EPHB2 wt cells and not in 

the untreated cells (Figure 7B). However, it was difficult to assess whether the EPHB2 mutant 

cells’ lane presented an incomplete cleavage or not. There was not much difference between 

6h and 24h, meaning 6h treatment was sufficient. After that, we tried a higher concentration 

of rFVIIa with 100 nM to treat the cells to test if that would result in a clearer cleavage 

(Figure 7C). However, when comparing the three blots (Figure 7A-C), no significant 

difference was observed between 10, 50 and 100 nM rFVIIa.  

We concluded that using higher concentrations of rFVIIa did not lead to a complete cleavage 

and that 10 nM rFVIIa should be sufficient to saturate its binding to TF at the cell surface. 

EPHB2 cleavage in other cell lines was previously shown to reach saturation below 10 nM 

FVIIa (Eriksson et al 2014). The cleavage assay was also performed in starvation medium to 

improve the detection of EPHB2 cleavage. However, performing cleavage assay in the 

starvation medium did not lead to any marked improvement (Figure 7D). 
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Figure 7. Incomplete EPHB2 cleavage by recombinant FVIIa treatment. DLD-1 cells overexpressing 

EPHB2 wild type and EPHB2 R155C were stimulated in complete medium with (A) 10 nM rFVIIa for 1h and 

6h, (B) 50 nM rFVIIa for 6h and 24h, (C) 100 nM rFVIIa for 6h and 24h and in starvation medium with (D) 

10nM rFVIIa for 6h and 24h. The expression levels were assessed by western blot loading (A and D) 15 µg and 

(B and C) 20 µg of total protein. To detect the cleaved products, 3x-FLAG-tag antibody was used (upper panel) 

and β-Actin was used as loading control (lower panel). Here, “*” denoted the probable partial cleavage; “-“ , 

denoted untreated samples and “+”, denoted rFVIIa treated samples. 

 

3.4 Stable overexpression of TF led to complete EPHB2 cleavage in EPHB2 wt 

cells 
 

Inefficient cleavage of EPHB2 wt could be explained due to the low endogenous expression 

levels of TF expression in DLD-1 cells. Similarly, Eriksson et al. (2016) reported that in the 

U251 cell line which also has low TF expression, EPHA2 cleavage was markedly enhanced 

by overexpression of TF (Eriksson et al. 2016). Furthermore, Eriksson et. al reported the 
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clearest EPHB2 cleavage was with MDA-MB-231 cell line due to its high endogenous level 

of TF expression. Indeed, normalized transcriptome data (Klijn et al. 2015) for different 

cancer cell lines showed very low expression of TF in DLD-1 cell line as compared to MDA-

MB-231 cell line (11.9 and 14.1 respectively), while EPHB2 was expressed in similar levels 

in these cell lines (Figure 8A). Therefore, the next step was to increase the TF expression by 

transfecting F3 plasmid by lipofectamine mediated transfection into DLD-1 cells 

overexpressing EPHB2 wt and R155C. 

In EPHB2 wt overexpressing cells, TF was overexpressed up to 30-fold as compared to 

parental DLD-1 and untransfected EPHB2 wt overexpressing cells (Figure 8B). However, TF 

overexpression could not be achieved by repeated trials of transfections in EPHB2 R155C 

overexpressing cells (Figure 8C). Clear TF/FVIIa-mediated cleavage of EPHB2 with a gel 

shift was observed only in EPHB2 wt overexpressing cells after stable TF transfection, with 

the lower band in FVIIa-treated cells corresponding to truncated EPHB2 by TF/FVIIa-

mediated cleavage (Figure 8D). These results confirm that the lower expression of TF was the 

cause of inefficient cleavage of EPHB2 in previous experiments (Figure 7A-D). The TF 

overexpression in EPHB2 wt cells did not alter its normal growth when compared to parental 

DLD-1 cell line (Figure 8E). 
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Figure 8. Stable overexpression of TF led to complete EPHB2 cleavage by recombinant FVIIa treatment. 

(A) Transcript expression level of EPHB2 and TF(F3) in DLD-1 (red dot) compared to MDA-MB-231 (blue 

dot) (Klijn et al. 2015) where different cancer cell lines are represented by black dots. (B) The RT-qPCR 

analysis of TF overexpression level after stable transfection into EPHB2 wt and R155C cells. Untr, 

untransfected; TF-OE, TF transfected; RQ, relative quantity. DLD-1 cells were used as reference sample and 

beta actin as endogenous control. (C) TF overexpression could not be achieved after three batches of TF 

transfection in EPHB2 R155C cells. (D) Complete cleavage of EPHB2 wt protein is marked with red asterix. 

“+”, with rFVIIa treatment for 6h; “-” without FVIIa. (E) Overexpression of TF did not alter the normal 

growth of EPHB2 wt cells compared to controls, DLD-1 and EPHB2 wt cells. 
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3.5 Transient TF overexpression showed no significant TF/FVIIa-mediated 

EPHB2 cleavage  
 

As stable overexpression cell line for TF in EPHB2 R155C could not be generated, we sought 

to achieve transient overexpression of TF in both EPHB2 wt and EPHB2 R155C 

overexpressing cells. Therefore, we performed transient transfection of TF in overexpressing 

cell lines of both EPHB2 wild type and mutant constructs. At the transcript level, TF was 

overexpressed around 3000 and 2000 folds as compared to untransfected cells for EPHB2 

wild type and mutant, respectively, 48h post transfection (Figure 9A). Next, we performed 

western blot analysis of wild-type and mutant samples with transient overexpression of TF 72 

h post transfection followed by 10 nM rFVIIa treatment for 24h as described above. We 

observed a strong band at the molecular weight corresponding to the predicted size of TF (47 

kDa), indicating that TF was overexpressed significantly at the protein level 72h post 

transfection (Figure 9B, middle panel). However, efficient cleavage of neither EPHB2 wt nor 

EPHB2 R155C was observed (Figure 9B, upper panel), as it was observed in stably TF 

overexpressing EPHB2 wt cells (Figure 8D, upper panel). Based on western blot analysis, 

lipofectamine-treated EPHB2 R155C cells showed high induction of TF overexpression 

(Figure 9B, middle panel).  
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Figure 9. Transient overexpression of TF resulted in no significant EPHB2 cleavage after recombinant 

FVIIa treatment for 24h. (A) In a 24 well plate, 2 x 105 cells were seeded in each well and incubated overnight 

for attachment. Next day, lipofectamine-mediated transfection was performed. RT-qPCR for transcript 

expression was performed 48h post transfection using beta actin as loading control and DLD-1 as reference 

sample. Here error bars represented ± SD. TF, tissue factor; OE, overexpression; TF-OE, TF transfected cells. 

(B) 72h post transfection, western blot analysis was performed by loading 35 µg of total protein. Here, “-“ , 

denoted untreated samples and “+”, denoted rFVIIa treated samples for 24h. β-Actin was used as loading control 

and 3x-FLAG-tag-ab was used to detect EPHB2 cleavage, if any. TF overexpression after the transfection was 

assessed by comparing to controls only treated with lipofectamine and not with the F3 plasmid. 
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3.6 Reduced compartmentalization in EPHB2 wt cells with stable TF 

overexpression after rFVIIa treatment  
 

We wanted to investigate if cleavage by TF/FVIIa on EPHB2 would affect its interaction with 

EFNB1 by means of an in vitro compartmentalization assay (Cortina et al. 2007, Mathot et al. 

2017) using cells overexpressing EPHB2 wt with TF overexpression, EFNB1 overexpressing 

cells and mCherry only expressing cells as control (Table 4). The co-culture of DLD-1 cells 

expressing mCherry only and EPHB2 wt cells with TF overexpression, with or without 10nM 

rFVIIa (Figure 10A-B) was used as negative control. When EPHB2 wt cells with TF 

overexpression were co-cultured with EFNB1 ligand-expressing cells in absence of rFVIIa 

(Figure 10C), around 40 clusters were very large, made of more than 50 cells, whereas in the 

presence of rFVIIa (Figure 10D), the number of large clusters decreased to less than 40 

(Figure 10E). When the EFNB1 ligand was absent in the co-culture, smaller clusters were 

observed (Figure 10A-B). In addition, when rFVIIa was present, the cluster sizes reduced 

even without the ligand (Figure 10B). The difference in percentage of large clusters (>50 

cells) in the rFVIIa-untreated versus treated co-cultures of EPHB2 wt with TF overexpression 

and EFNB1 overexpressing cells was not statistically significant (Figure 10E). However, there 

was a tendency towards the formation of more large clusters (>50 cells) in the absence of 

rFVIIa (Figure 10E).  
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Figure 10. Stable overexpression of TF led to reduced compartmentalization after recombinant FVIIa 

treatment for 48h. The co-cultures of mCherry only expressing cells with EPHB2 wt (TF-OE) (B) with or (A) 

without rFVIIa treatment were used as controls. The compartmentalization phenotype of wild-type EPHB2 (TF-

OE) in presence of the EFNB1 (D) with and (C) without rFVIIa treatment are shown with white arrows. Here, 

TF-OE, tissue factor overexpression. (E) Quantification of eGFP-positive cells forming clusters of different sizes 

(0-10, 11-30, 31-50 and more than 50 cells). The difference between the cluster formation in different co-

cultures were assessed by Mann-Whitney U test. (ns, non-significant, p > 0.05; *, significant, p<0.05). The 

percentage of eGFP-positive cells forming clusters of different sizes were counted using Image J software.  
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4 Discussion 

Eriksson et al. 2014 demonstrated that the EPHB2 receptor is a substrate for proteolytic 

cleavage by TF/FVIIa complex at the EPHB2 R155 residue and the cleavage has been 

implicated in increasing receptor-mediated cell repulsion. A somatic mutation R155C at the 

conserved arginine residue (Figure 2A) in the ligand-binding domain of EPHB2 was 

identified in metastatic human CRC (Table 1)(Mathot et al. 2017) as well as in glioblastoma 

(The Cancer Genome Atlas, TCGA). TF was reported to be overexpressed in different cancers 

such as breast and CRC (Callander et al. 1992). Furthermore, an in vitro 

compartmentalization assay in human colon cancer DLD-1 cell line was already established to 

demonstrate EPH-EFN repulsion as well as metastatic potential of EPH mutations (Mathot et 

al. 2017). Therefore, we generated overexpression cell models for EPHB2 wt, EPHB2 R155C 

and EFNB1 in DLD-1 parental cell line to demonstrate the potential role of TF/FVIIa-

mediated cleavage of EPHB2 in context to CRC. The overexpression cell models expressed 

EPHB2 wt or R155C mutant transcripts (Figure 5C) as well as proteins (Figure 5D) with the 

correct point mutation R155C (C643T) (Figure 5B). However, the level of overexpression of 

EPHB2 wt could not be exceeded over six folds from its endogenous level even with different 

batches of lentiviral transduction with different MOIs (Figure 4)(see Materials and methods). 

This might be due to the fact that these cells could not tolerate more than six-fold expression 

of EPHB2 wt. 

To assess the difference in TF/FVIIa-mediated cleavage between EPHB2 wt and EPHB2 

R155C proteins, a cleavage assay by rFVIIa treatment was performed. We observed neither 

significant EPHB2 cleavage in DLD-1 cells, which was contrast to the previous report by 

(Eriksson et al. 2014), nor any marked difference in cleavage between EPHB2 wt and EPHB2 

R155C proteins. This stimulated us to investigate about the endogenous level of TF(F3) in 

DLD-1 cells. Indeed, analysis of cancer cell line transcriptome data (Klijn et al. 2015) showed 

very low endogenous TF expression in DLD-1 compared to the MDA-MB-231 cell line 

(Figure 8A) in which complete TF/FVIIa-mediated EPHB2 cleavage was previously 

demonstrated (Eriksson et al. 2014). Therefore, we decided to overexpress TF in our EPHB2 

wt and EPHB2 R155C cell models. As expected, TF overexpression led to the complete 

cleavage of the EPHB2 wt protein by the TF/FVIIa complex resulting in a gel shift (Figure 

8D) in agreement with the previous report (Eriksson et al. 2014). However, TF could not be 

overexpressed in the EPHB2 R155C with repeated trials, which could be explained by (i) the 

toxicity produced by simultaneous overexpression of EPHB2 R155C mutant and TF proteins 

https://portal.gdc.cancer.gov/ssms/3dee7bd0-8b92-5717-b0cb-5eb326c6e50c
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or (ii) the silencing of either the F3 overexpression cassette directly or indirectly by EPHB2 

R155C protein or CMV-promoter methylations (Brooks et al. 2004), which seems unlikely as 

it was not the case in EPHB2 wt cells. Therefore, future analysis of enhanced TF 

overexpression, if any, in a shRNA-based knock-down for the EPHB2 R155C mutant 

transcript would be essential to evaluate this hypothesis.  

Although TF was overexpressed successfully with transient TF transfection (Figure 9A and 

Figure 9B, middle panel), we could not show complete EPHB2 cleavage in wild-type and 

mutant EPHB2 proteins (Figure 9B, upper panel), which can be explained by the probable 

requirement of constitutive expression of TF in the cell system. Another possibility is that our 

antibody was not specific to TF and reacted with another protein of similar size. If this was 

the case, the lack of TF protein could explain why no EPHB2 cleavage was observed in these 

experiments. In the control lane for EPHB2 R155C (Figure 9B, middle panel), TF 

overexpression was observed although no F3 plasmid was added to this sample. This might be 

due to the effect of lipofectamine on gene expression as previously demonstrated (Fiszer-

Kierzkowska et al. 2011).  

To understand the EPHB2 R155C mutation effect on compartmentalization of the EPHB2, in 

vitro compartmentalization assay was performed as described previously (Cortina et al. 2007). 

Although the EPHB2 R155C nonsynonymous mutation is in the ligand-binding domain which 

could alter the EPH-EFN interaction and consequently affect the cell-cell repulsion, no 

significant difference in cell compartmentalization was observed between the EPHB2 wt and 

R155C cells, when co-cultured with EFNB1 ligand cells (Figure 6E-G). This shows that the 

EPHB2 R155C mutation may not affect the cell repulsion but might have a different effect in 

EPH signaling. In addition, the cell compartmentalization phenotype was not as strong as 

demonstrated in previous studies (Cortina et al. 2007, Mathot et al. 2017).  

 

Since it was shown that the EPHB2 cleavage by TF/FVIIa plays a role for EPHB2-dependent 

repulsion in an in vitro transwell cell migration assay (Eriksson et al. 2014), we wanted to 

investigate the effect of EPHB2 cleavage by TF/FVIIa on cell repulsion by means of in vitro 

compartmentalization assay and observe if EPHB2 R155C mutation would prevent the 

cleavage and affect the repulsion. However, since we could not generate a TF overexpression 

EPHB2 R155C cell model, we continued the in vitro compartmentalization assay only with 

EPHB2 wt cells with TF overexpression. Interestingly, in the presence of FVIIa, EPHB2 wt 

receptor presented a reduced compartmentalization phenotype when co-cultured with EFNB1 
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ligand (Figure 10D). This result was not in line the previous study (Eriksson et al. 2014). 

Possible explanations for this discrepancy include (i) the use of different cell lines as Eriksson 

et al. used MDA-MB-231 breast cancer cells compared to DLD-1 cells used in the current 

study, and (ii) the use of different functional assays. The compartmentalization assay is based 

on a co-culture between EPH and EFN-expressing cells, while the transwell assay which 

Eriksson et al. used quantifies the number of cells that migrate through a membrane towards a 

soluble ligand. Kinetics of the response to FVIIa could have also played a role. The transwell 

assay was completed in 5h (Eriksson et al. 2014), while in the compartmentalization assay 

cells were continuously exposed to rFVIIa for 48h. Nonetheless, the experiments should be 

repeated, and greater number of images from each sample need be taken to be able to reach a 

conclusion about the role of EPHB2 cleavage by TF/FVIIa in cell repulsion.  

With all these findings, the future perspective would be to (i) generate TF overexpression cell 

lines using lentiviral transductions to achieve reasonable level of TF overexpression in 

EPHB2 wt and R155C, (ii) determine the difference between compartmentalization of EPHB2 

wild type and mutant expressing cells both with or without rFVIIa, after achieving stable TF 

overexpression (iii) establish other colon or glioblastoma cell lines with overexpression of 

both EPHB2 and TF and (iv) characterize these cell models in context to metastasis in 

organoid or mice models. 
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