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  ABSTRACT 

 

Epidermal growth factor-like domain 7 (Egfl7) is a gene that encodes a partially 

secreted protein and whose expression is largely restricted to the endothelia. We 

recently reported that EGFL7 is also expressed by trophoblast cells in mouse and 

human placentas. Here, we investigated the molecular pathways that are regulated by 

EGFL7 in trophoblast cells. Stable EGFL7 overexpression in a Jeg3 human 

choriocarcinoma cell line resulted in significantly increased cell migration and 

invasiveness, while cell proliferation was unaffected. Analysis of mitogen-activated 

protein kinase (MAPK) and phosphatidylinositol 3-kinase (PI3K) pathways showed 

that EGFL7 promotes Jeg3 cell motility by activating both pathways. We show that 

EGFL7 activates the epidermal growth factor receptor (EGFR) in Jeg3 cells, 

resulting in downstream activation of extracellular regulated kinases (ERKs). In 

addition, we provide evidence that EGFL7-triggered migration of Jeg3 cells involves 

activation of NOTCH signaling. EGFL7 and NOTCH1 are co-expressed in Jeg3 cells, 

and blocking of NOTCH activation abrogates enhanced migration of Jeg3 cells 

overexpressing EGFL7. We also demonstrate that signaling through EGFR and 

NOTCH converged to mediate EGFL7 effects. Reduction of endogenous EGFL7 

expression in Jeg3 cells significantly decreased cell migration. We further confirmed 

that EGFL7 stimulates cell migration by using primary human first trimester 

trophoblast (PTB) cells overexpressing EGFL7. In conclusion, our data suggest that 

in trophoblast cells, EGFL7 regulates cell migration and invasion by activating 

multiple signaling pathways. Our results provide a possible explanation for the 

correlation between reduced expression of EGFL7 and inadequate trophoblast 

invasion observed in placentopathies. 
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  INTRODUCTION 

 

The placenta is one of the first structures to form during embryonic development and 

is essential for the survival of the embryo because it facilitates the exchange of gases, 

nutrients and waste at the feto-maternal interface. Placental development is a process 

that is fine-tuned by a variety of factors critical for a successful pregnancy. An 

imbalance of these factors can lead to placentopathies, eventually resulting in 

embryo-fetal loss and/or maternal death. A comprehensive understanding of the 

molecular mechanisms underlying placental development is essential for the 

treatment of placental disorders. 

The invasion of trophoblasts into the maternal tissue and vessels is a crucial process 

during human pregnancy. Research has focused on the molecular mechanisms 

regulating trophoblast invasion and, over the years, an increasing number of factors, 

cytokines and signal transduction pathways controlling trophoblast migration have 

been identified (Knofler et al., 2010; Fitzgerald et al., 2005). Various growth factors 

control trophoblast migration through activation of mitogen-activated protein kinase 

(MAPK) and phosphatidylinositol 3-kinase (PI3K) pathways. Epidermal growth 

factor (EGF), which is abundant at the fetal-maternal interface, activates MAPK as 

well as PI3K signaling, leading to increased trophoblast migration (Qiu et al., 2004a). 

Similarly, activation of the MAPK signaling pathway and consequent increased 

trophoblast motility have been observed in the presence of endothelin, prostaglandin 

E2, insulin-like growth factor (IGF)-II, insulin-like growth factor binding protein 

(IGFBP)-1, and chorionic gonadotropin (hCG) (Chakraborty et al., 2003; Nicola et 

al., 2008; McKinnon et al., 2001; Gleeson et al., 2001; Prast et al., 2008). hCG and 

EGF induced activation of MAPKs and PI3K resulted in the induction of matrix 

metalloproteinase (MMP) -2 and -9, respectively, suggesting that these proteinases 

are crucial for trophoblast invasion (Prast et al., 2008; Qiu et al., 2004b). Hunkapiller 

et al. recently demonstrated that Notch signaling is also involved in trophoblast 

endovascular invasion. Invasion of primary cytotrophoblats and their expression of 

the arterial marker ephrin B2 (EFNB2) were significantly decreased by an inhibitor 

of the -secretase pathway, which is commonly used to block Notch activity. In 
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addition, Notch2 down regulation led to reduced arterial invasion, decreased size of 

maternal blood vessels and reduced placental perfusion (Hunkapiller et al., 2011). 

Recent studies suggested that the secreted factor epidermal growth factor-like 

domain 7 (EGFL7) may also play a role in this context (Lacko et al., 2014). Egfl7 

was originally identified as an endothelial-restricted gene. High levels of EGFL7 

expression are observed in actively proliferating endothelial cells (ECs), both during 

embryogenesis and during physiologic and pathologic angiogenesis (Bambino et al., 

2014; Fitch et al., 2004; Parker et al., 2004; Soncin et al., 2003; Campagnolo et al., 

2005). During embryonic development, Egfl7 is expressed as early as in pre- and 

peri-implantation embryos, starting from the 8-cell stage, and in embryonic stem 

cells that are derived from the inner cell mass (ICM) of the blastocyst (Campagnolo 

et al., 2008; Fitch et al., 2004). In the mouse, Egfl7 controls embryonic survival and 

vascular development (Schmidt et al., 2007; Nichol et al., 2010) by promoting EC 

proliferation, migration, sprouting and invasion (Campagnolo et al., 2005; Durrans et 

al., 2010; Schmidt et al., 2007; Nikolic et al., 2013). In addition to the endothelium, 

more recently novel sources of EGFL7 have been discovered, including primordial 

germ cells, adult neural stem cells and cancer cells of various human tumors 

(Campagnolo et al., 2008; Schmidt et al., 2009; Diaz et al., 2008; Huang et al., 2010; 

Wu et al., 2009; Delfortrie et al., 2011). In addition, we have recently shown that 

trophoblast cells in the placenta are a novel source of EGFL7. Importantly, EGFL7 

expression is dramatically reduced in both the endothelial and the trophoblastic 

compartments of pre-eclamptic (PE) placentas (Lacko et al., 2014). PE is a 

pregnancy-specific disease that originates in the placenta and it is a leading cause of 

morbidity and mortality for both the mother and fetus. Hallmarks of PE include 

inadequate invasion of trophoblast cells into the maternal decidua, dysregulated 

growth of fetal blood vessels, disruption of maternal-fetal vascular connections, and 

an imbalance of pro- and anti-angiogenic growth factors (Young et al., 2010).  

The present study aims to clarify the role of EGFL7 and identify EGFL7-dependent 

molecular pathways in trophoblast cells by using genetic manipulation of the 

choriocarcinoma cell line Jeg3 and primary trophoblast cells isolated from first 

trimester human placentas. 
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  MATERIALS AND METHODS 

 

Reagents and antibodies 

The following inhibitors were used in this study: mitogen-activated 

protein/extracellular signal-regulated kinase kinase (MEK1/2) -inhibitor U0126 (5 

and 10 M; Calbiochem, La Jolla, CA, USA), PI3K-inhibitor Wortmannin (100 nM; 

Sigma-Aldrich, Saint Louis, MO, USA), epidermal growth factor receptor (EGFR)-

inhibitor AG1478 (1 M), and -secretase inhibitor dual anti-platelet therapy (DAPT; 

10 and 25 M; Sigma-Aldrich). Mouse culture grade EGF (10 ng/ml; Collaborative 

Research, Waltham, MA) was used to activate EGFR.  

The following primary antibodies were used: two goat anti-human EGFL7 (for 

immunofluorescence and western blot experiments we used anti-EGFL7 from R&D 

Systems, Wiesbaden, Germany, at 2 g/ml and 0.2 g/ml, respectively; for western 

blot we also used anti-EGFL7 from Santa Cruz Biotechnology, Santa Cruz, CA, 

USA, at 0.2 g/ml), mouse anti-green fluorescent protein (GFP) (1:2500; Millipore, 

Billerica, MA), rabbit anti-cow Cytokeratin (CK) (53.5 g/ml, total immunoglobulin 

fraction; DakoCytomation, Glostrup, Denmark), mouse anti-5-bromo-2-deoxyuridine 

(BrdU) (1:2.5; Becton Dickinson, San Jose, CA, USA), rabbit anti-phospho- 

extracellular regulated kinase 1 and 2 (pERK1/2) (1:1000; Cell Signaling 

Technologies, Danvers, MA, USA), rabbit anti-Erk1/2 (1:1000; Cell Signaling 

Technologies), rabbit anti-phospho-protein kinase B (pAKT) (1:1000; Cell Signaling 

Technologies), rabbit anti-Akt (0.2 g/ml; Santa Cruz Biotechnology), rabbit anti-

phospho-EGFR (1:1000; Cell Signaling Technologies), rabbit anti-human EGFR 

(1:100 for immunofluorescence experiments and 1:1000 for western blot analysis; 

Cell Signaling Technologies), rabbit anti-human NOTCH1 (2 g/ml; Abcam, 

Cambridge, UK), rabbit anti-human NOTCH4 (2 g/ml; Santa Cruz Biotechnology) 

and mouse anti--tubulin (1 g/ml; Sigma-Aldrich). Secondary antibodies were as 

follows: Cy3-donkey-anti-goat (4 g/ml; Jackson ImmunoResearch, West Grove, PA, 

USA), Alexa Fluor568 goat-anti-mouse (4 g/ml; Invitrogen in Life Technologies, 

Monza, Italy), Alexa Fluor488 donkey-anti-goat (4 g/ml; Invitrogen), Cy3-donkey-

anti-rabbit (4 g/ml; Millipore), and FITC-donkey-anti-rabbit (4 g/ml; Millipore). 
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Secondary anti-goat, anti-rabbit or anti-mouse antibodies conjugated to horseradish 

peroxidase were purchased from Amersham Biosciences (Piscataway, NJ, USA). 

 

Cell culture  

The human choriocarcinoma cell line Jeg3 was purchased from the American Type 

Culture Collection (ATCC) (Manassas, VA, USA). Jeg3 cells were cultured in Eagle 

Minimum Essential Medium (EMEM with L-Glutamine; Lonza, Milan, Italy), 

supplemented with 10% (v/v) fetal bovine serum (FBS; Lonza), 2 mM L-glutamine 

(Lonza), 50 U/ml penicillin and 50 μg/ml streptomycin (Lonza), and 1mM sodium 

pyruvate (Sigma-Aldrich), in 5% CO2 at 37 °C. 

Human Embryonic Kidney 293 (HEK293) cells were cultured in Dulbecco’s 

Modified Eagle’s Medium (DMEM with 25 mM D-glucose; Lonza), supplemented 

with 10% (v/v) FBS, 20 mM N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid 

(HEPES; Lonza), 2mM L-glutamine, 50 U/ml penicillin, and 50 μg/ml streptomycin, 

at 37 °C in a humidified atmosphere of 5% CO2 in air. 

Human Umbilical Vein Endothelial Cells (HUVECs) were purchased from Lonza 

and cultured in EGM-2 Bullet kit (Lonza) at 37°C in a humidified atmosphere of 5% 

CO2 in air. 

Primary human trophoblast (PTB) cells were isolated from first trimester villous 

samples according to the protocol of Hunkapiller et al. (2008). Samples were 

obtained from patients undergoing prenatal diagnosis, after obtaining informed 

consent. All procedures for the collection and manipulation of human samples 

comply with the principles reported in the Declaration of Helsinki and have been 

approved by the Bioethical Committee of the University of Tor Vergata. Purity of 

PTB was about 90-93%, when assessed by flow cytometry analysis as previously 

reported (Spitalieri et al., 2009), and confirmed by immunostaining using anti-

cytokeratin antibodies. PTB cells were cultured on Matrigel-coated dishes in 

Dulbecco’s Modified Eagle’s Medium (DMEM with 25 mM D-glucose, Lonza), 

supplemented with 10 mM HEPES, 4mM L-glutamine, 50 U/ml penicillin, 50 μg/ml 

streptomycin, 50 μg/ml Gentamycin (Lonza), and 2% (v/v) Nutridoma (Roche 

Diagnostics GmbH, Mannheim, Germany). The cells were kept at 37 °C in a 

humidified atmosphere of 5% CO2 in air. 
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Lentiviral transduction 

A human EGFL7 cDNA was engineered into the pCCLIRESGFP vector provided by 

Dr. Stefano Rivella at Weill Cornell Medical College. MISSION shRNA lentiviral 

plasmid TRCN0000053661 (pLKO61), and the control pLKO1 were purchased from 

Sigma-Aldrich. HEK293 cells in subconfluent culture condition (70-80% confluency) 

were transfected with a third-generation lentiviral vector system, consisting of the 

packaging plasmids (pMDL, pREV and pVSVG) and the transfer vector containing 

either the EGFL7 and GFP transgene (pCCL-EGFL7) or GFP only (pCCL-GFP) 

using polyethylenimine (2 mg/ml; Polysciences, Warrington, PA, USA). The same 

protocol was followed for transfection using the shRNA plasmid pLKO61 or the 

control pLKO1. After two days, cell supernatant was collected, filtered and 

centrifuged at 16000 g for 2 h at 4 °C to concentrate viral particles to half of the 

initial volume. Concentrated viral suspension was used to infect subconfluent 

cultures of Jeg3 or PTB. Polybrene (8 μg/ml; Sigma-Aldrich) was used to neutralize 

cell surface charge and increase the efficiency of infection. Cells over-expressing or 

knocked-down for EGFL7 were named as follow:  

1. JegGFP: Jeg3 cells infected with empty vector containing GFP;  

2. JegE7: Jeg3 overexpressing EGFL7;  

3. JegKDSCR: Jeg3 cells infected with scrambled vector pLKO1;  

4. JegKDE7: Jeg3 infected with shRNA plasmid pLKO.61 ; 

5. PTBGFP: PTB cells infected with empty vector containing GFP;  

6. PTBE7: PTB cells overexpressing EGFL7; 

EGFL7 expression was determined by quantitative reverse-transcribed polymerase 

chain reaction (qRT-PCR) and western blot analysis.  

 

RNA isolation and quantitative RT-PCR 

RNA from cell cultures was prepared using the TRIZOL Reagent (Roche 

Diagnostics GmbH) according to the manufacturer’s protocol. Possible DNA 

contamination was removed by DNAse treatment. RNA quality was examined on 

agarose gels. mRNA was reverse transcribed using random primers and the 

Superscript First Strand Synthesis System (Invitrogen) following the manufacturer’s 
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specifications. Gene expression was measured using Real Master Mix SYBR ROX 

(Eppendorf, Hamburg, Germany). qRT-PCR was performed using an Applied 

Biosystems 7300 Real Time PCR System (Applied Biosystems). Differences among 

gene expression were quantified using the Ct method with normalization to 

glyceraldehyde 3-phosphate dehydrogenase (GAPDH). Specific primers for EGFL7, 

NOTCH1, hairy and enhancer of split-related protein 2 (HEY2), hairy and enhancer 

of split-related protein 1 (HEY1) and hairy and enhancer of split-1 (HES1) were 

designed using Primer Express software (Applied Biosystems in Life Technologies, 

Monza, Italy), sequences are listed below: 

EGFL7:                5’-TCGTGCAGCGTGTGTACCAG-3’   

                             5’-GCGGTAGGCGGTCCTATAGATG-3’ 

NOTCH1:            5’- GCGGGATCCACTGTGAGAA -3’    

                             5’- CCGTTGAAGCAGGAGCTCTCT -3’; 

HEY2:                  5’-CGACCTCCGAGAGCGACAT-3’ 

                             5’-CTTTGCCCCGAGTAATTGTTCT-3’ 

HEY1:                  5’-CATCGAGGTGGAGAAGGAGAGT-3’ 

                             5’-GACATGGAACCTAGAGCCGAACT-3’ 

HES1:                   5’-AAAGATAGCTCGCGGCATTC-3’ 

                             5’-AGGTGCTTCACTGTCATTTCCA-3’ 

CK7:                    5’-AAGGTGGATGCCCTGAATGA-3’ 

                             5’-CAGCTCTGTCAACTCCGTCTCA-3’ 

GAPDH:              5’-TCGGAGTCAACGGATTTGGT-3’   

                             5’-GAATTTGCCATGGGTGGAAT-3’ 

To evaluate the blockage of NOTCH activity in JegE7, cells were treated with 10 

M U0126 or/and 25 M DAPT in serum-free culture medium for 90 min, followed 

by RNA extraction as described above. 

To analyze miR-126 expression, total RNA from cell cultures was extracted using 

mirVana miRNA Isolation Kit (Ambion in Life Technologies, Monza, Italy) 

following the manufacturer’s protocol to ensure the recovery of small RNA. 

MicroRNA was reverse transcribed using microRNA-specific primers and the 

TaqMan MicroRNA Reverse Transcription Kit (Applied Biosystems). miR-126 
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expression was analyzed using the Taqman MicroRNA Assay (Applied Biosystems) 

and normalized to that of U18. Changes were quantified using the CT method. 

 

Immunofluorescence analysis 

Cells cultured at subconfluent conditions were fixed in methanol for 5 minutes at -20 

°C; non-specific antibody binding was blocked by incubation in 10% (v/v) donkey 

serum/phosphate buffered saline (PBS) for 1h at room temperature. Antibodies used 

for immunofluorescence (IF) analysis and Hoechst 33342 dye (0.5 g/ml; Sigma-

Aldrich) for cell nuclei counterstaining, were diluted  in 0.1% (w/v) bovine serum 

albumin (BSA; Sigma-Aldrich) in phosphate buffered saline PBS (Lonza) and 

incubated overnight at 4°C. Cells were mounted with Möwiol (Sigma-Aldrich). All 

images were acquired using an Axioplan 2 imaging microscope (Zeiss, Thornwood, 

NY, USA). 

 

Western blot analysis 

JegGFP and JegE7 cells were seeded in 6-well plates and cultured in serum 

supplemented EMEM as reported above. After three washes in PBS, cells were 

homogenized in lysis buffer (50 mM Tris-HCl pH 7.5, 150 mM NaCl, 0.5% NP-40, 5 

mM ethylenediaminetetraacetic acid (EDTA), 0.5% sodium deoxycholate, 1 mM 

phenylmethylsulfonyl fluoride, 20 mM β-glycerophosphate, 1 mM sodium 

orthovanadate) containing EDTA-free protease inhibitor cocktail (Roche, Penzberg, 

Germany). To evaluate EGFL7-mediated activation of the EGFR pathway, 80% 

confluent cultures were serum-starved for 18 h, prior to protein extraction. In parallel 

experiments, serum-starved JegGFP cells were treated with 10 ng/ml EGF for 30 

minutes. To block activation of EGFR, cells were treated with 1 M AG1478 in 

EMEM for 30 min. To assess the possible convergence of the EGFR and Notch 

pathways, JegE7 and JegGFP cells were treated with 25 M DAPT and/or 10 M 

U0126 in serum-free culture medium for 60 min. Protein concentration was 

determined using a Bradford assay. Protein samples (40 g) were separated by 

electrophoresis on either 10% (v/v) or 8% (v/v) sodium dodecyl sulfate 

polyacrylamide gel electrophoresis (SDS-PAGE) gels and transferred to 

polyvinylidene difluoride (PVDF) Transfer Membrane Hybond™ (Amersham 
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Biosciences). Membranes were blocked with 5% (w/v) non-fat dry milk in Tris-

buffered saline (TBS) containing 0.1% (v/v) Tween 20 (TBS/T) for 1 h at room 

temperature and incubated overnight at 4 °C with the following primary antibodies: 

goat anti-EGFL7, mouse anti-GFP, rabbit anti-phospho-Erk1/2, rabbit anti-phospho-

Akt, and rabbit anti-phospho-EGFR (all diluted 1:1000 in TBS/T with 5% (w/v) 

BSA). Secondary antibodies, conjugated to horseradish peroxidase (Amersham 

Biosciences), were incubated for 1 h at room temperature at 1:10000 dilution in 5% 

(w/v) non-fat dry milk containing TBS/T. Immunoreactive bands were detected by 

LiteAblot Plus and LiteAblot Turbo chemiluminescent substrate (Euroclone, Pero, 

Italy) according to the manufacturer’s protocol. Densitometric analysis of the bands 

was performed using ImageJ software. For normalization of protein expression, 

membranes were stripped using the Restore Western Blot Stripping Buffer (Thermo 

Scientific, Rockford, IL, USA) following the manufacturer’s protocol, and re-probed 

with mouse anti--tubulin, rabbit anti-Erk1/2, rabbit anti-Akt, or rabbit anti-EGFR. 

 

Cell proliferation 

JegGFP and JegE7 cells were plated at a density of 5 x 104 cells/well in 24-well 

plates in triplicate; cumulative cell numbers were counted every day up to 4 days of 

culture using a Neubauer chamber (Blaubrand, Wertheim, Germany). In parallel, cell 

number was evaluated using the 2-(4-iodophenyl)-3-(4-nitrophenyl)-5-(2,4-

disulfophenyl)-2H-tetrazolium, monosodium salt (WST-1) (Cell Proliferation 

Reagent WST-1, Roche Diagnostics, Indianapolis, IN, USA) and the BrdU 

(Amersham) assay. For WST-1, JegGFP and JegE7 cells were plated at a density of 3 

x 103 cells/well in 96-well plates and proliferation of the cells was evaluated every 

day up to 4 days using the WST-1 assay following the manufacturer's specifications. 

For BrdU incorporation, JegGFP and JegE7 cells were plated at a density of 5 x 104 

cells/well in 24-well plates. At 24 h from the plating, BrdU labeling reagent (1:1000; 

Amersham) was added to the cultures. After 1 h of incubation at 37 °C, cells were 

fixed in 70% (v/v) ethanol, incubated 2 min in 0.07N NaOH and rinsed with PBS to 

equilibrate the pH. Following the manufacturer specification, anti-BrdU primary 

antibody, diluted in 0.5% (v/v) Tween 20 in PBS, was incubated for 30 min at room 

temperature. After several washings in PBS, cells were incubated with a goat anti-
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mouse Alexa Fluor568 secondary antibody for 1 h at room temperature, 

counterstained with Hoechst 33342 (0.5 g/ml; Sigma-Aldrich), and mounted with 

Möwiol (Sigma-Aldrich). Images were acquired using an Axioplan 2 imaging 

microscope (Carl Zeiss). 

 

Wounding assay 

JegGFP, JegE7, JegKDSCR, and JegKDE7 were plated at a density of 2 x 105 

cells/well in 24-well plates and incubated for 24 h in normal culture medium. After 

reaching confluency, a thin scratch was performed on the monolayer using a 0.1-10 

l pipette tip. To block MAPK, PI3K, EGFR, and NOTCH pathways, cells were 

incubated with 5 M U0126, 100 nM Wortmannin, 1 M AG1478 or 10 M DAPT, 

respectively. The stripped region was photographed at 0, 8, 24, and 32 h, using a 

Leitz Diavert microscope connected to a Nikon DS-Fi1 camera. The extension of the 

wounded area was measured at different time points using the ImageJ software 

(Schneider et al., 2012). Values, expressed in pixels, were used to calculate the area 

filled according to the formula: area of the scratch at time 0 - area of the scratch at 

time X. 

 

Transwell migration and invasion assay 

Transwell assays were performed using BD FalconTM cell culture inserts (BD 

Biosciences, Franklin Lakes, NJ, USA) with pore sizes of 8-m. Inserts were used 

either uncoated to evaluate cell migration, or coated with 30 l of growth-factor-

reduced-Matrigel (BD Biosciences) to study cell invasion. JegGFP, JegE7, PTBGFP, 

and PTBE7 (1 x 106 cells/ml) were seeded in 100 l serum free medium in the upper 

chambers of the inserts located in 24-well plates, and serum-supplemented culture 

medium was placed into the lower compartment as a chemoattractant. Migration and 

invasion were evaluated after 24 and 48 h incubation, respectively, at 37 °C in a 

humidified atmosphere of 5% CO2 in air. Cells in the upper chamber were carefully 

removed from the transwell membrane using cotton swabs; efficient removal was 

checked under the microscope. Transwells were fixed in 10% (w/v) trichloroacetic 

acid and stained using KaryoMAX Giemsa stain solution (Gibco by Life 

Technologies, Monza, Italy) diluted 1:17 in Gurr phosphate buffer (Gurr buffer 
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tablets, Gibco). Insert membranes were air dried, excised from the transwell cast and 

positioned on a glass slide with the lower side facing up, and mounted with Möwiol 

(Sigma-Aldrich). Using a light microscope, the number of migrated cells was 

evaluated by counting six random fields at 10x magnification for each assay, and the 

extent of migration was expressed as an average number of cells per microscopic 

field. 

 

Statistical analysis 

All experiments were performed at least three times. Data were expressed as mean ± 

standard error (SE) and analyzed using the one-way analysis of variance (ANOVA) 

test. Asterisks indicate the level of statistical significance (*p < 0.05; **p < 0.001). 

 

  RESULTS 

 

EGFL7 promotes Jeg3 cell migration and invasion 

In order to investigate the role of EGFL7 in trophoblast cells, we stably 

overexpressed EGFL7 in the human choriocarcinoma cell line Jeg3. qRT-PCR 

indicated that endogenous EGFL7 expression was readily detectable in such cells 

(Supplementary Figure 1 A,B); however, transcript levels were 200-fold lower in 

Jeg3 when compared to HUVEC cells (Supplementary Figure 1 B), known to express 

high levels of EGFL7 (Fitch et al., 2004). Even lower transcript levels were observed 

for the EGFL7-associated miR-126 (Supplementary Figure 1 C). To stably 

overexpress EGFL7, we generated a lentiviral vector containing the human EGFL7 

cDNA and a GFP reporter gene expressed from a bicistronic mRNA under the 

control of the PGK promoter (Figure 1 A), and infected Jeg3 cells with the lentivirus 

(JegE7, Figure 1 C). Jeg3 cells infected with a lentivirus vector containing the GFP 

reporter but no EGFL7 cDNA were used as a control (JegGFP, Figure 1 B). 

Efficiency of infection was estimated to be higher than 90%, as judged by the 

fraction of GFP-positive cells (Figure 1 B, C). qRT-PCR demonstrated about 700-

fold increase in EGFL7 expression in JegE7 compared to JegGFP cells (Figure 1 D), 

while miR-126 expression level was not affected (Figure 1 E). Western blot analysis 
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confirmed that expression of EGFL7 in JegE7 cells was also increased at the protein 

level (Figure 1 F-G).  

To investigate if EGFL7 is involved in the migration and invasion of trophoblast 

cells, we used both wounding and transwell assays. In the wounding assay, migration 

of Jeg3 cells into the wounded area was monitored at 0, 8, and 24 hours of culture 

(Figure 2 A, B). Overexpression of EGFL7 resulted in significantly increased cell 

migration capability by 8 hours, when JegE7 cells had covered a surface of the 

wound that was about double of that covered by JegGFP cells (Figure 2 A, B). The 

higher migration activity of JegE7 cells in comparison to JegGFP was maintained 

also after 24 hours (Figure 2 A, B) and 32 hours (data not shown). To examine 

whether the effects of EGFL7 overexpression on Jeg3 cell migration and invasion 

can be ascribed to an increased proliferation rate, cell counts (Supplementary Figure 

2 A) and the WST-1 assay (Supplementary Figure 2 B) to evaluate cell proliferation 

as metabolic activity were performed. In addition, a BrdU assay was used to evaluate 

cell proliferation as DNA replication (Supplementary Figure 2 C, D). However, 

neither assay revealed any differences between JegE7 and JegGFP cells 

(Supplementary Figure 2), suggesting that EGFL7 promotes Jeg3 cell migration and 

invasion, rather than cell proliferation. To confirm further, the stimulating effect of 

EGFL7 overexpression on Jeg3 cell migration, transwell migration assays were 

performed. After 24 hours of culture, the number of cells moving through the filters 

toward the lower chamber containing the culture medium supplemented with FBS 

was counted (Figure 2 C-E). EGFL7 overexpression significantly increased the 

number of migrating Jeg3 cells by 4-fold (Figure 2 C-E). JegE7 cells also invaded 

transwell chambers coated with a thick Matrigel layer more efficiently than JegGFP 

after 48 hours of culture (Figure 2 F-H). 

 

EGFL7 knockdown reduces migration of Jeg3 cells 

To further investigate the involvement of EGFL7 in Jeg3 cell migration, we used 

lentivirus-mediated knockdown of endogenous EGFL7 expression. 

qRT-PCR analysis demonstrated a 60% reduction of EGFL7 expression in Jeg3 cells 

infected with the lentivirus knockdown vector for EGFL7 (JegKDE7) compared to 

the scrambled infected cells (JegKDSCR) (Figure 3 A). Using the wounding assay, 
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we observed that at 8 hours post-wounding, JegKDE7 cells had covered an area that 

was about 5 times less than that covered by JegKDSCR cells (Figure 3 B, C). 

Reduced cell migration of JegKDE7 compared to JegKDSCR was confirmed at 24 

(Figure 3 B, C) and 32 hours (data not shown). 

 

EGFL7 promotes migration of primary human first trimester trophoblast cells 

To support our findings obtained in the Jeg3 cell line, we isolated primary 

trophoblast (PTB) cells from first trimester human chorionic villus samples. Isolated 

PTB expressed the trophoblast marker CK by IF (Supplementary Figure 3 A) and the 

mRNA for CK7, which is a specific marker of the trophoblast (Potgens et al., 2001) 

(Supplementary Figure 3 B). When EGFL7 was overexpressed in PTB cells using 

lentivirus vectors (PTBE7), by qRT-PCR we observed an estimated 400-fold 

increase of EGFL7 mRNA levels in PTBE7 compared to PTBGFP cells (Figure 4 A). 

Similarly to what was observed in JegE7, miR-126 levels were not affected (data not 

shown). 

To examine whether EGFL7 promotes cell migration also in PTB cells, we 

performed transwell assays using PTBE7 and PTBGFP cells. Overall, PTB cells 

appeared to migrate slower than Jeg3 cells. However, similar to our results using 

Jeg3 cells, the number of cells moving toward the lower side of the filter was 

significantly higher in PTBE7 than in PTBGFP cells after 24 hours (Figure 4 B, C). 

 

EGFL7 stimulates Jeg3 cell migration by activating MAPK and PI3K signaling 

pathways 

Activation of the MAPK and PI3K signaling pathways plays a major role in 

trophoblast migration (Qiu et al., 2004a; Prast et al., 2008). We therefore 

investigated whether overexpression of EGFL7 induced activation of these pathways. 

Protein extracts from serum-starved JegGFP and JegE7 were analyzed by western 

blot for levels of ERK and AKT phosphorylation. Approximately two-fold higher 

levels of the phosphorylated forms of ERKs (Figure 5 A, B) and AKT (Figure 5 C, D) 

were observed in extracts from JegE7 compared to JegGFP cells. To test whether 

inhibition of MAPK and PI3K signaling could abolish increased migration of JegE7 

cells, we performed wounding assays in the presence of U0126 (Figure 6 A, B) and 
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Wortmannin (Figure 6 C, D), inhibitors of ERK and AKT pathways, respectively. 

Either compound was able to significantly decrease JegE7 cell migration, while it did 

not affect migration of the control JegGFP cells (Figure 6 A, B; C, D).  

 

The effects of EGFL7 on MAPK and PI3K activation and Jeg3 cell motility are 

mediated by EGFR 

Both MAPK and PI3K signaling pathways are activated in EGF-induced trophoblast 

migration (Qiu et al., 2004a; Qiu et al., 2004b). Since secreted EGFL7 contains two 

internal EGF-like domains, we hypothesized that EGFL7 could activate MAPK and 

PI3K through its interaction with EGFR. To test this, we first investigated if EGFL7 

possesses homology at positions of amino acid known to be involved in binding of 

EGF to EGFR (Van Zoelen et al., 2000). Alignment of the amino acid sequences of 

EGFL7 and EGF shows that, in addition to the cysteine and glycine residues that are 

required for the three-dimensional folding of these proteins (Van Zoelen et al., 2000), 

most of the amino acids involved in binding to EGFR are also conserved between 

EGF and EGFL7 (Figure 7 A). On this premise, we next investigated the effects of 

EGFL7 overexpression on EGFR tyrosine phosphorylation. For this, Jeg3 cells were 

serum starved overnight and the activation of EGFR evaluated by western blot 

analysis. An about two-fold increase in pEGFR was observed in JegE7 cells 

compared to control cells (Figure 7 B-C), suggesting that EGFL7 overexpression 

induces EGFR activation. This was further supported by our observation that EGFL7 

and EGFR co-localize in Jeg3 cells, as determined by IF (Figure 7 D).  

Next, we tested whether EGFL7-induced up-regulation of ERKs would be mediated 

by EGFR activation. For this, AG1478 (1 M), a specific inhibitor of EGFR kinase 

activity, was added to transduced Jeg3 cells in serum-free culture medium in the 

absence or presence of EGF (10 ng/ml), and phosphorylation of EGFR and ERKs 

was evaluated by western blot analysis. When JegGFP cells were stimulated with 

EGF, we detected, as expected, increased phosphorylation of EGFR (Figure 8 A, B), 

concomitant with an increase in ERK phosphorylation (Figure 8 C, D). Activation of 

EGFR and MAPKs was partly abolished by the treatment with AG1478 (Figure 8 A-

D). Similarly, overexpression of EGFL7 triggered increased EGFR and MAPK 
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phosphorylation in JegE7 cells; importantly, phosphorylation levels were also 

reduced when AG1478 was added to the culture medium (Figure 8 A-D).  

To assess the role of EGFR activation in migration capability of JegE7 cells, we 

performed wounding assays in the absence or presence of AG1478. The results 

showed that addition of AG1478 abrogated the increased migratory ability of JegE7 

at 24 (Figure 8 E-F) and 32 hrs (not shown).  

 

NOTCH signaling is involved in EGFL7-mediated Jeg3 migration 

Previous studies showed that EGFL7 is able to interact with all four NOTCH 

receptors and to function, at least in part, by modulating NOTCH signaling (Schmidt 

et al., 2009; Nichol et al., 2010). We therefore assessed the expression of the 

NOTCH family proteins in Jeg3 cells. Using antibodies specific for NOTCH1 and 

NOTCH4 for IF analysis, we detected expression of NOTCH1 in both JegGFP and 

JegE7 (Figure 9 A). NOTCH1 appeared to partially co-localize with EGFL7 (Figure 

9 A). In contrast, no staining was observed using NOTCH4 antibodies, indicating 

very low or no expression of this receptor. This conclusion was confirmed by qRT-

PCR analysis (data not shown). We next examined if EGFL7 overexpression 

correlated with changes in the levels of NOTCH1 and its target gene transcripts by 

performing qRT-PCR analysis. A significant increase of NOTCH1, HEY2, HEY1, 

and HES1 expression was observed in JegE7 cells compared to the JegGFP control 

cells (Figure 9 B-E).  

To test whether the NOTCH1 signaling pathway is also involved in mediating the 

migratory activity of JegE7, we performed wounding assay in the presence of DAPT, 

a specific inhibitor of NOTCH activation. DAPT significantly abolished the EGFL7-

induced migration of Jeg3 cells capability, while it did not affect control cell 

migration (Figure 9 F-G).  

NOTCH signalling has been reported to be involved in the regulation of Jeg3 cell 

proliferation (Wagener et al., 2013). We therefore investigated if activation of 

NOTCH could affect the proliferation rate of JegGFP and JegE7 cells. Using the 

WST-1 colorimetric assay in the presence of DAPT, no significant differences in 

terms of metabolic activity were observed between JegE7 and JegGFP either in the 
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presence or absence of DAPT (Figure 9 H). Together, these results suggest that 

EGFL7 mediated activation of NOTCH1 does not affect proliferation. 

 

Convergence of MAPK and NOTCH signaling pathways   

To evaluate if EGFR and NOTCH1 signaling pathways were cooperatively 

regulating JegE7 migration, we tested whether inhibition of the MAPK pathway 

could also inhibit NOTCH1 signaling and vice versa. To inhibit ERK 

phosphorylation and NOTCH1 activation, we treated serum starved JegE7 cells with 

10 M U0126 or 25 M DAPT, respectively. A significant decrease in HES1 gene 

expression level was detected at 90 min after the addition of either U0126 or DAPT 

(Figure 10 A) and persisted up to 120 min (data not shown). To examine if the effect 

of MEK inhibition was NOTCH-dependent, we treated the cells with both U0126 

and DAPT. Interestingly, we did not observe an additive effect in the reduction of 

HES1 expression (Figure 10 A), suggesting that the effect of MAPK on HES1 

expression was indeed NOTCH-dependent. 

To further confirm the convergence of the two pathways, we treated serum starved 

JegE7cells with 25 M DAPT for 60 min. Phosphorylation of ERKs was evaluated 

by western blot analysis. Untreated JegE7 showed high levels of phosphorylated 

ERK1/2, and treatment with DAPT led to a significant reduction of ERK1/2 

activation (Figure 10 B, C). Treatment of JegE7 cells with U0126 resulted in a more 

robust inhibition of ERK phosphorylation; however, no additional inhibition was 

observed when cells were treated with both U0126 and DAPT (Figure 10 B, C). 

Similar results were obtained in JegGFP cells (not shown).  

 

DISCUSSION 

 

We recently reported that EGFL7 is expressed by trophoblast cells in the human 

placenta (Lacko et al., 2014). Others and we also demonstrated that EGFL7 regulates 

the proper spatial organization of endothelial cells during angiogenic sprouting, and 

influences their collective movement during physiological and pathological 

angiogenesis (Campagnolo et al., 2005; Schmidt et al., 2007). When Egfl7 is deleted 

in HUVECs, cell proliferation, migration and sprouting are notably impaired (Nichol 
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et al., 2010). Based on these observations, we considered the possibility that EGFL7 

may regulate trophoblast cell migration during uterine tissue invasion, by acting in an 

autocrine or paracrine manner, as demonstrated in other cell systems (Nichol and 

Stuhlmann, 2012). In the present study, we have tested this hypothesis by performing 

gain- and loss-of-function studies in vitro using the human choriocarcinoma cell line 

Jeg3 overexpressing EGFL7 (JegE7). Our results demonstrate that JegE7 cells 

possess a higher ability to cover the wounded areas in wounding assays and invade 

Matrigel thick layers more efficiently than control cells. Conversely, EGFL7 

knockdown resulted in impaired migration of Jeg3 cells, consistent with a role for 

EGFL7 in regulating trophoblast migration/invasion.  

One limitation with using long-term cultures  of lentivirus transduced cells is that the 

precision with which signalling pathways are measured could be affected. To 

overcome this limitation, we have used primary trophoblast cultures and showed that 

the results obtained in the Jeg3 choriocarcinoma cell line were consistent with results 

in PTB isolated from human samples. Although manipulation and analysis of PTB 

cells is challenging when compared with established cell lines, in part due to their 

slow proliferation and migration, we show here that overexpression of EGFL7 

stimulates PTB cell migration in a transwell assay. 

Several signaling pathways that are activated at the feto-maternal interface are 

involved in trophoblast motility and are triggered by various cytokines and growth 

factors (Knofler et al., 2010; Fitzgerald et al., 2005; Qiu et al., 2004a; Qiu et al., 

2004b; MacPhee et al., 2001; Shiokawa et al., 2002; Hunkapiller et al., 2011).  

Among these, EGF and EGFR are known to be important players during 

physiological development of the placenta; EGFR homozygous mutant mice die at 

midgestation due to placental defects (Dackor et al.,  2009; Faxénet al., 1998; 

Threadgill et al., 1995). In the present work, we show that EGFL7, which contains 

two internal EGF-like domains (Fitch et al., 2004; Soncin et al., 2003), is able to 

activate the EGFR pathway. Using double IF analysis, we observed partial co-

localization of EGFL7 and EGFR in both JegGFP and JegE7 cells, mainly at the 

periphery of the cell patches where cell are more prone to migration. Increased 

phosphorylation of EGFR in JegE7 cells was accompanied by significantly increased 

activation of MAPK and PI3K signaling, both of which are known to be important 
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players of placental development (Knöfler et al., 2010). We confirmed the specificity 

of these responses by using specific inhibitors for EGFR, and MAPK and PI3K 

pathways. When cells were cultured in the presence of the EGFR specific inhibitor 

AG1478, increased migration of Jeg3 cells overexpressing EGFL7 was attenuated, 

while surprisingly no effect was observed in control cells. This latter observation is 

in line with previous data showing that AG1478 has no effect on unstimulated extra 

villous trophoblast cell migration (Liu et al., 2009). Together, our results indicate 

that EGFL7 stimulates migration of trophoblast cells through activation of EGFR. It 

is possible that activation of EGFR is directly induced by EGFL7; alternatively, 

EGFL7 might trans-activate EGFR through other receptors. These possibilities need 

to be further investigated.  

While preparing this manuscript for publication, a study was published showing that 

EGFL7-mediated activation of the EGFR-AKT signalling pathway in gastric cancer 

cell lines enhances their invasive and migratory capacity (Luo et al., 2014), 

suggesting that EGFL7 is an important player of these processes in various cell types. 

A direct role for EGFL7 in the migration and invasion of trophoblast cells provides a 

possible explanation for its reduced expression levels that we observed in pre-

eclamptic placentas (Lacko et al., 2014). In preeclampsia, inadequate invasion of 

trophoblast cells into the maternal decidua contributes to the onset of the pathology 

(Young et al., 2010). We also reported that in placentas of women affected by early 

onset PE, decreased expression of EGFL7 parallels an alteration of the NOTCH 

signaling pathway (Lacko et al., 2014), which in turn is known to be associated with 

impaired trophoblast invasion (Hunkapiller et al., 2011; Gasperowicz et al., 2008; 

Cobellis et al., 2007). In addition, data from the literature report that Jeg3 

proliferation and migration/invasion properties are in part controlled by the NOTCH 

pathway (Wagener et al., 2013). In line with what has been reported in other cell 

systems (Schmidt et al., 2009; Nichol et al., 2010), we found that EGFL7 and 

NOTCH1 co-localize in JegE7 cells, and that overexpression of EGFL7 was 

associated with a concomitant increase in the expression of NOTCH1 and its target 

genes. In addition, inhibition of NOTCH1 activation by the -secretase inhibitor 

DAPT was able to significantly reduce JegE7 cell migration. We therefore 

speculated that EGFL7 mediated activation of NOTCH might influence migration by 
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modulating cell proliferation. However, our results showed that inhibition of the 

NOTCH1 pathway did not result in any change in the proliferation rate of JegE7 and 

JegGFP cells, suggesting that activation of NOTCH1 was directly involved in 

migration.  

A number of studies in other cell types demonstrated a crosstalk between EGFR and 

NOTCH pathways (Tremblay et al., 2013; Izrailit et al., 2013; Weijzen et al., 2002; 

Sundaram et al., 2005). We investigated whether MAPK and NOTCH signaling 

pathways act alone or together to mediate the effects of EGFL7 on trophoblast cell 

migration and invasion. By inhibiting the MAPK pathway, we observed a reduced 

expression of the NOTCH target gene HES1. Similarly, inhibition of NOTCH 

activity resulted in reduced activation of ERKs, thus suggesting that the two 

pathways co-operate. In conclusion, the present study identifies EGFL7 as a novel 

player involved in the regulation of trophoblast migration and invasion. Our data 

suggest that EGFL7, through the activation of EGFR and NOTCH signaling 

pathways (Figure 11), might play a pivotal role in stimulating and sustaining 

trophoblast migration and decidua invasion. These observations will be crucial for 

the better understanding of specific placentopathies characterized by inadequate 

invasion of the maternal decidua, including PE.  
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FIGURE LEGENDS 

 

Figure 1 Generation of Jeg3 cells overexpressing epidermal growth factor-like 

domain 7 (EGFL7). (A) Schematic representation of lentiviral vector containing the 

human EGFL7 cDNA, an internal ribosome entry site (IRES) and a green fluorescent 

protein (GFP) reporter gene under the control of a phosphoglycerate kinase 1 (PGK) 

promoter. (B-C) GFP-positive Jeg3 cells transduced with the empty vector control 

(JegGFP) (B) and containing an EGFL7 cDNA (JegE7) (C). (D-E) Quantitative RT-

PCR data for EGFL7 (D) and miR126 (E) in JegGFP and JegE7 cells. *P<0.05; 

**P<0.001. (F-G) Western blot analysis for EGFL7 (F) and its densitometric 

analysis (G). Scale bars = 50 m. 

 

Figure 2 Epidermal growth factor-like domain 7 (EGFL7) stimulates migration and 

invasion of Jeg3 cells. (A) Wounding assay at 0, 8, and 24 h. Dotted lines indicate 

the edges of the monolayer. (B) Quantitation of Jeg3 migration in wounding assay; 

the dot plots represent the area filled after 8 and 24 hours. (C-E) JegGFP (control) (C) 

and JegE7 (overexpressing EGFL7) (D) cells migrated under the filter of a transwell 

chamber after 24 h of culture. Quantitation of cell migration is shown in the dot plot 

graph (E). (F-H) JegGFP (F) and JegE7 (G) that invaded into the Matrigel and 

migrated under the filter of the transwell chamber after 48 h of culture. Quantitation 

of cell invasion is shown in the dot plot graph (H). All data are represented as cells 

counted in each of at least six different fields for each experiments.  *P<0.05, 

**P<0.001. Scale bars (A) = 120 m; (C;D;F;G) = 60 m.  

 

Figure 3 Epidermal growth factor-like domain 7 (EGFL7) knockdown reduces 

migration of Jeg3 cells. (A) Quantitative RT-PCR data for EGFL7 in scrambled 

control (JegKDSCR) and EGFL7 knockdown Jeg3 cells (JegKDE7). (B) Wounding 

assay at 0, 8, and 24 h. Dotted lines indicate the edges of the monolayer. (C) 

Quantitation of Jeg3 migration in wounding assay, represented as dot plot showing 

the area filled after at 8 and 24 hours. *P<0.05, **P<0.001. Scale bars = 120 m. 
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Figure 4 Generation of long-term primary human first trimester trophoblast (PTB) 

cells overexpressing epidermal growth factor-like domain 7 (PTBE7). EGFL7 

stimulates migration of PTB cells. (A) Quantitative RT-PCR data for EGFL7. (C-B) 

PTBGFP (control) and PTBE7 cells migrated under the filter of transwell chamber 

after 24 h of culture. Quantitation of cell migration is shown in the dot plot graph (F). 

**P<0.001. Scale bar (A-B) = 50 m; (D-E) = 100 m. 

 

Figure 5 Epidermal growth factor-like domain 7 (EGFL7) activates mitogen-

activated protein kinase (MAPK) and phosphatidylinositol 3-kinase (PI3K) pathways. 

Western blot analysis of cell extracts from JegGFP (control) and JegE7 

(overexpressing EGFL7) cells for phosphorylated extracellular regulated kinase 1 

and 2 (pERK1/2) (A) and phosphorylated protein kinase B (pAKT) (C) in JegGFP 

and JegE7, with Tubulin as a loading control. The respective densitometric analysis 

(B,D). Data are presented as percentage of control. *P<0.05. 

 

Figure 6 Epidermal growth factor-like domain 7 (EGFL7) promotes Jeg3 cell 

migration through mitogen-activated protein kinase (MAPK) and 

phosphatidylinositol 3-kinase (PI3K) signaling pathways. Dotted lines highlight the 

edges of the monolayer. (A) Wounding assay at 0 and 24 h with or without addition 

of the mitogen-activated protein/extracellular signal-regulated kinase kinase  (MEK 

1/2) -inhibitor U0126 (5 M). (B) Quantitation of Jeg3 migration in wounding assay, 

represented as dot plot, showing the total area filled at 24 hours. (C) Wounding assay 

at 0 and 24 h with or without addition of the PI3K-inhibitor Wortmannin (100 nM). 

(D) Quantitation of Jeg3 migration in wounding assay, represented as dot plot 

showing the total area filled at 24 hours. Different letters are to be considered within 

each culture time-point and indicate statistically significant differences. P<0.001 is 

indicated by **. Scale bars = 120 m. WM= Wortmannin. 

 

Figure 7 Epidermal growth factor-like domain 7 (EGFL7) interact with and activates 

epidermal growth factor receptor (EGFR) in Jeg3 cells. (A) Alignment of the amino 

acid (aa) sequences of EGFL7 and epidermal growth factor (EGF). The signal 

peptide of EGFL7 is marked with a green line (aa 1-23), the EMI domain with an 
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orange line (aa 27-104), the EGF-like domain with a red line (aa 103-135), the Ca2+ 

EGF-like domain with a blue line (aa 137-177). Amino acids involved in EGFR 

binding that are conserved between EGF and EGFL7 are depicted by rectangles. 

Amino acids that are involved in EGFR binding but are not conserved between EGF 

and EGFL7 are underlined (Van Zoelen et al., 2000). Asterisks = positions which 

have a single, fully conserved residue; colons = conservation between groups of 

strongly similar properties; periods = conservation between groups of weakly similar 

properties. Legend for the colors: Red = AVFPMILW, small, hydrophobic; Blue = 

DE, acidic; Magenta = RK, basic; Green = STYHCNGQ, hydroxyl, sulfhydryl, 

amine; Grey = others, unusual aa. (B) Western blot analysis of pEGFR in JegGFP 

(control) and JegE7 (overexpressing EGFL7), with densitometric analysis (C). (D) 

Double immunofluorescent staining of JegGFP and JegE7 cells for EGFL7 (green), 

EGFR (red), and Hoechst (blue). Arrows indicate co-localization of EGFL7 and 

EGFR. *P<0.05. Scale bars = 50 m. 

 

Figure 8 Epidermal growth factor-like domain 7 (EGFL7) activates the mitogen-

activated protein kinase (MAPK) signaling pathway and promotes cell migration 

through epidermal growth factor receptor (EGFR). Jeg3 cells were treated with the 

EGFR-inhibitor AG1478 (1 M) in serum-free culture medium for 30 min and/or 

stimulated with 10 ng/ml epidermal growth factor (EGF) for 30 min consecutively. 

Phosphorylation levels of EGFR (A) and extracellular regulated kinase 1 and 2 

(ERK1/2) (C) were analyzed by Western blot analysis. Respective densitometric 

analysis for (A,C) is shown in (B,D). (E) Wounding assay at 0 and 24 h in the 

presence of AG1478 (1 M). Dotted lines highlight the edges of the monolayer. (F) 

Quantitation of Jeg3 migration in the wounding assay, represented as dot plot 

showing the area filled at 24 hours. Different letters are to be considered within each 

culture time-point and indicate statistically significant differences (P<0.05). Scale 

bars = 120 m. 

Figure 9 Epidermal growth factor-like domain 7 (EGFL7) promotes Jeg3 cell 

migration also through NOTCH signaling pathway. (A) Double immunofluorescent 

staining of JegGFP (control) and JegE7 (overexpressing EGFL7) cells for EGFL7 

(red), NOTCH1 (green), and Hoechst (blue). (B-E) Quantitative RT-PCR data for 
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transcript level of NOTCH1 (B), hairy and enhancer of split-related protein 2 (HEY-

2) (C), hairy and enhancer of split-related protein 1 (HEY-1) (D), and hairy and 

enhancer of split-1 (HES-1) (E) in JegGFP and JegE7 cells. (F) Wounding assay at 0 

and 24 h in presence of the -secretase inhibitor dual anti-platelet therapy (DAPT) 

(10 M). Dotted lines highlight the edges of the monolayer. (G) Quantitation of Jeg3 

migration in wounding assay, represented as dot plot showing the area filled after 24 

hours. (H) JegGFP and JegE7 proliferation in the presence of DAPT (10 M) was 

measured over two consecutive days by using the colorimetric 2-(4-iodophenyl)-3-

(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium, monosodium salt (WST-1) 

assay; n=4. Different letters are to be considered within each culture time-point and 

indicate statistically significant differences (P<0.05); **P<0.001. Scale bars (A) = 

50 m; (F) = 120 m. 

Figure 10 Inhibition of extracellular regulated kinase 1 and 2 (ERK1/2) activation 

reduces NOTCH signaling and blockage of NOTCH activity inhibits mitogen-

activated protein kinase (MAPK) signaling pathway. (A) JegE7 (overexpressing 

EGFL7) cells were treated with the mitogen-activated protein/extracellular signal-

regulated kinase kinase  (MEK 1/2) -inhibitor U0126 (10 M) or/and the -secretase 

inhibitor dual anti-platelet therapy DAPT (25 M) in serum-free culture medium for 

90 min. Transcript level of hairy and enhancer of split-1 (HES1) was analyzed by 

quantitative RT-PCR. (B-C) JegE7 cells were treated with DAPT (25 M) or/and 

U0126 (10 M) in serum-free culture medium for 60 min. Phosphorylation levels of 

ERK1/2 (B) were analyzed by Western blot analysis. Respective densitometric 

analysis is shown in (C). *P<0.05, **P<0.001. 

 

Figure 11 Schematic representation of cell signaling pathways involved in epidermal 

growth factor-like domain 7 (EGFL7)-induced trophoblast migration and invasion. 

Based on our findings, we propose that EGFL7 regulates trophoblast 

migration/invasion through the activation of the epidermal growth factor receptor 

(EGFR) and  NOTCH pathways. The two pathways converge to mediate EGFL7 

effects, as represented by the dashed lines. Question marks indicate possible other 

molecules mediating the interaction between EGFL7 and either EGFR or NOTCH1. 
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