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Supplemental Methods 

Generation of mouse Cdh5(PAC)-CreERT2 strain  

 The inducible line Cdh5(PAC)-CreERT2 was generated as follows. The RPCI21 

PAC library (Geneservice, UK), containing 129/SvevTACfBr mouse spleen genomic 

DNA in a pPAC4 vector (1), was screened by filter hybridization with a radioactive 

mouse Cadh5 (VE-Cadherin) cDNA probe. A cDNA encoding Tamoxifen-inducible 

Cre recombinase (2) upstream of a polyadenylation signal sequence and an FRT-flanked 

Ampicilin resistance cassette was introduced by recombineering (3) into the start codon 

of Cadh5 in PAC clone 353-G15. After Flp-mediated excision of the Ampicilin 

resistance cassette in bacteria, the resulting constructs were validated by PCR analysis 

and used in circular form for pronuclear injection into fertilized mouse oocytes. 

Founders, identified by PCR genotyping, were screened by timed matings with 

ROSA26R reporter animals (4). For a more detailed description about the generation and 

characterization of this driver line please see (5). 

Strain genotyping. For primers and conditions see Table S2.  

4-hydroxy-tamoxifen (4-OHT) induction 

 Cre activity was induced by two consecutive intraperitoneal injections of 

pregnant females at days 9.5 and 10.5 post coitum with 100!µl tamoxifen solution 
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(Sigma, T5648; 10!mg!ml!1; generated by diluting a 10!"!tamoxifen stock in 100% 

ethanol with peanut oil).  

Scanning Electron Microscopy 

 Mouse embryos were fixed in 1% paraformaldehyde (PFA), 1% glutaraldehyde 

in PBS and postfixed in 1% OsO4. Embryos were then dehydrated, paraffin-embedded 

and sectioned with a Leica microtome. Tissues were dewaxed in xylene, washed in 

100% ethanol and dried. All samples were gold sputtered and scanned a JEOL JSM-840 

scanning electron microscope (operated between 10 and 20 kV). Images were captured 

with ScanVision 1.0 software (Röntec) directly coupled to the microscope. 

Histology, lacZ staining and In situ Hybridization 

Hematoxylin/eosin (H&E) and LacZ stainings were performed according to 

standard protocols. Whole-mount in situ hybridization (WISH) were as described (6). 

Details for probes will be provided on request. 

Cell Culture 

Bovine Aortic Endothelial Cells (BAEC) were cultured cultured in 0.1% gelatin-

coated plates in complete DMEM-Glutamax medium (Invitrogen) containing 10% FBS 

and antibiotics (37 ºC, 5% CO2). BAECs and HEK293T were starved for 24 h in 

medium containing 0.5% FBS prior to treatment for 4 h with 20 ng/ml BMP2 (R&D 

Systems). Cells were subsequently treated for 3 h with 20µM of proteasome inhibitor 

MG132 (Calbiochem), harvested and processed for Western blot. BMP2-treated BAECs 

analyzed for immunodetection of Snail1 and phospho-Gsk3# were not treated with 

MG132. For RNA expression analysis, BAEC were cultured in 0,5% FBS for 24h, 

followed by 2h-incubation with BMP2 and NF-!B inhibitor (Calbiochem, 18µM) 

followed by treatment with BMP2. 

Immunostainings 

Tissue sections were stained for CD31/PECAM with a commercial antibody 

(1:100 dilution; 557355, BD Pharmingen) according to standard protocols (7). Staining 

with rat anti-MLC2v antibody (1:50(8), anti-Snail1 hybridoma supernatant (1:100; (9), 

or rabbit anti-N1ICD antibody (1:100; Cell Signaling, see(10) was amplified with a 
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tyramide signal amplification kit (TSA™; Perkin Elmer). The anti-N1ICD antibody 

recognizes Val1744, which is exposed upon "-secretase cleavage of Notch1. This 

epitope is not present in the construct used to generate the R26N1ICD transgenic mice 

(11), and thus this antibody cannot be used to detect ectopic N1ICD expression in these 

mice. BAEC were fixed with 4% paraformaldehyde in PBS for 10 minutes at RT. Cells 

were incubated with the anti-snail1 supernatant (1:200) and anti-phospho-GSK3! 

(1:100, Cell Signaling) followed by incubation with anti-mouse or anti-rabbit 

biotinylated IgG antibodies (1:100) (Vector Labs) and tyramide signal amplification. 

Stained sections or cells were analyzed with an Olympus BX51 microscope fitted with a 

Nikon DP71 camera and CellA controller software, or with an Olympus Fluoview FV-

1000 confocal microscope. Quantification of intensity in Snail1 and p-Gsk3! 

inmunofluorescence was done using the software Adobe PhotoShop 10.0, measuring the 

average signal per nucleus (in the case of Snail1) or per cell (in the case of p-Gsk3!). 

The results of the Snail1 and p-Gsk3# inmunofluorescence quantification are shown as 

the relation between control and BMP2-treated cells. 

Confocal imaging 

Confocal images of stained explants and tissue sections were acquired with an Olympus 

Fluoview FV-1000 laser-sacanning confocal microscope. Images of GFP proteins and 

FITC stainings were obtained with a 488 nm krypton-argon laser; Cyan3 with a 543 nm 

helium-neon laser; and DAPI with a 405 nm diodo laser. Images of stained explants 

were collected as z-stacks with 1.50 µm spacing between each plane. Images were fused 

and assembled to produce movies, lateral sections and Z-projections using ImageJ 1.32J 

software. Image treatments were with Adobe Photoshop 10.0. 

RNA isolation and semiquantitative RT-PCR 

E9.5 or E11.5 wt and mutant embryos were dissected in ice-cold PBS and the whole 

heart or left ventricles were separated from the rest of the body and total RNA was 

purified using Trizol (Invitrogen). ENC from explants were isolated using collagenase 

type II (Sigma), and RNA was purified with Trizol. BAEC cells (subconfluent p30 

plate) were isolated and total RNA was purified using Trizol. cDNA was synthesized 

with SuperScript III First Strand (Invitrogen), with 1µg total RNA per reaction. For 

primers and conditions see Table S3. 
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Microarray Hybridization and Scanning 

Biotinylated cRNA was synthesized from total RNA obtained from triplicate WT and 

Tie2-Cre;R26N1ICD E9.5 heart samples using the 3’ Amplification One-cycle Target 

labeling kit (Affymetrix, Santa Clara, CA). Briefly, first strand cDNA was produced by 

reverse transcribing 2 µg of RNA from a 24mer oligodT primer with a T7 RNA 

polymerase promoter site added to the 3’ end. After second strand synthesis, biotin-

labeled cRNA was produced by in vitro transcription using T7 RNA polymerase and 

biotinylated nucleotides. The cRNAs were hybridized in triplicate to Affymetrix Mouse 

Genome 430 2.0 microarrays (Affymetrix, Santa Clara, CA). Arrays were washed and 

stained according to the manufacturer’s standard protocols, and were scanned in an 

Affymetrix GeneChip® Scanner 3000. Data were analyzed with affylmaGUI R 

software (12). The robust Multi-array Analysis (RMA) algorithm was used for 

background correction, normalization and expression level summarization (13). 

Differential expression analysis was performed using limma (14) included in the 

affylmGUI package. P-values were corrected for multiple testing using the Benjamini-

Hochberg method (15)  Functional, network and pathway analyses were conducted with 

Ingenuity Pathway Analysis software (Ingenuity Systems®, www.ingenuity.com)  

Western Blot 

 Total protein extracts of cultured cells or E9.5 wt and transgenic atria-AVC or 

left ventricles were obtained in 25 mM Tris-HCl and 1% SDS lysis buffer containing 

protease inhibitors. Equal amounts of protein (20 µg) were separated by SDS-PAGE 

and transferred to PVDF membranes (Millipore) under standard conditions. Blots were 

incubated with anti-snail1 hybridoma supernatant (1:40 (9), anti-GSK3# and anti-

phospho-GSK3# (1:1000, Cell Signaling), anti-phospho-p44/42 Erk1/2 

(Thr202/Tyr204) (1:5000, Cell Signaling) and anti-tubulin (1:10,000, Sigma). Bound 

HRP-conjugated secondary antibodies were detected by ECL (GE-Helthcare). 
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Supplemental Figure Legends 

Supplemental Figure 1. Ectopic Notch pathway activation in endocardium affects 

cardiac development and leads to Notch target gene up-regulation. (A) Transverse 

section of the heart of an E9.5 Tie2-Cre;R26R embryo showing intense #-gal staining in 

endocardium. (B) General view of an E9.5 WT heart. (C) General view of a Tie2-

Cre;N1ICD transgenic heart. (D, E) Detail of AVC. Note mesenchymal cells in WT (D, 

arrow) and transgenic AVC (E, arrow). (F) Detail of WT left ventricle. Arrow points to 

trabeculae. (G) Detail of Tie2-Cre;N1ICD left ventricle. Note poorly developed 

trabeculae (arrow). (H) RT-PCR of E9.5 WT and Tie2-Cre;N1ICD hearts. (I-T) WISH 

analysis of Notch1 target genes expression in the avc and lv regions at E9.5. (I, J) Hey1 

is expressed in atrial endocardium and myocardium of WT heart ,while Tie2-

Cre;N1ICD embryos show Hey1 expression expanded to the entire endocardium. (K, L) 

Hey2 expression in endocardium and the myocardium of the ventricular compact zone 

is the same in WT and Tie2-Cre;N1ICD embryos, though expression was slightly 

increased in Tie2-Cre;N1ICD hearts (H). (M, N) Heyl is transcribed in some cells of avc 

endocardium in WT hearts; in Tie2-Cre;N1ICD embryos Heyl transcription extends 

throughout the endocardium. (O, Q, S) Dll4, Nrarp and c-Myc are transcribed in WT 

heart at the base of ventricular endocardium and at low levels in avc. (P, R, T) Tie2-

Cre;N1ICD heart shows Dll4, Nrarp and c-Myc transcription throughout the 

endocardium. Arrows mark endocardium. ra, right atrium; avc, atrioventricular canal; 

lv, left ventricle; Scale bar, 10 µm. 

Supplemental Figure 2. Chamber and EMT markers expression in Tie2-

Cre;N1ICD embryos. (A-J) WISH analysis of E9.5 hearts (detail). (A, B) Anf 

transcription is restricted to cameral myocardium in WT and transgenic hearts (arrows) 

and it is excluded from the endocardium (arrowheads). The bracket marks the AVC. (C, 

D) Irx5 expression in trabecular endocardium (arrowheads). Expression is much weaker 

in Tie2-Cre;N1ICD hearts. (E, F) Bmp2 is expressed in AVC myocardium (arrows) in 

WT (E) and Tie2-Cre;N1ICD embryos (F). (G, H) Twist1 is restricted to mesenchymal 

AVC cells (arrowheads) in both WT (G) and transgenic embryos (H). (I, J) Has2 is 

expressed in the mesenchymal AVC cells in WT (I) and transgenic hearts (J, 

arrowheads). (K) RT-PCR. The expression of endothelial (CD31), myocardial (Mlc2v 

and Mlc2a) and cameral markers (Anf and Chisel) is unaffected. The endocardial 

trabecular marekres Irx5 is down-regulated. Note the slight reduction in Bmp2 
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transcription in transgenic embryos at E9.5 while at E10.5, expression is recovered. 

Expression of the EMT markers Twist1 and Has2 is unaffected in transgenic hearts. at, 

atrium; avc, atrioventricular canal; lv, left ventricle. Scale bar, 10 µm. 

Supplemental Figure 3. The vasculature of Tie2-Cre;N1ICD embryos ectopically 

expresses arterial markers. (A-F) WISH analysis of E9.5 embryos. (A, B) Dll4 is 

expressed in the WT dorsal aorta endothelium (arrow) but not in the anterior cardinal 

vein (A). In Tie2-Cre;N1ICD embryos (B), Dll4 is expressed in both dorsal aorta and 

anterior cardinal vein endothelium (arrows). (C, D) WT expression of the arterial 

marker Efnb2 is expanded from the dorsal aorta endothelium (C, arrows) to the anterior 

cardinal vein endothelium in Tie2-Cre;N1ICD embryos heart (D, arrows). (E, F) 

Expression in the anterior cardinal vein of the venous marker Ephb4 in WT embryos (E, 

arrow) is reduced in Tie2-Cre;N1ICD embryos (F, arrow). da, dorsal aorta; acv, anterior 

cardinal vein. Scale bar, 20 µm. 

Supplemental Figure 4. EMT and mesenchyme markers expression is up-regulated 

in Tie2-Cre;N1ICD embryos . (A-H) WISH in E9.5 WT and Tie2-Cre;N1ICD 

embryos. Details of the heart.  (A, B) Expression of Sox9 is expanded from the AVC 

endocardium and mesenchyme (A, arrow) to the ventricular endocardium in the 

transgenic heart (arrowhead in B). (C, D) Normal expression of Periostin is expanded 

from the AVC mesenchyme (C, D, arrows) to the ventricular endocardium in the 

transgenic heart (D, arrowhead). A similar pattern is seen for Bmp6 (E, F) and Cxcr4 

(G, H). (I) RT-PCR in E9.5 WT and Tie2-Cre;N1ICD hearts. All markers are up-

regulated. avc, atrioventricular canal; lv, left ventricle. Scale bar, 20µm. 

Supplemental Figure 5. E9.5 Tie2-Cre;N1ICD embryos ectopically express 

mesenchyme markers in chamber endocardium.  (A-H) General views of panels 

shown in Figure 1I-P. Arrowheads, AVC myocardium; arrows, AVC endocardium; 

thick arrow, ventricular endocardium. (A, B) Normal Tgfb2 expression in AVC and 

ectopic expression in ventricular endocardium of Tie2-Cre;N1ICD embryos. (C, D) WT 

embryos express Snail1 in AVC endocardium and mesenchyme (C), Tie2-Cre;N1ICD 

embryos show ectopic expression in ventricular endocardium (D). Tie2-Cre;N1ICD 

hearts also show ectopic ventricular expression of Snail2 (F) and Twist2 (H). avc, 

atrioventricular canal; lv, left ventricle. Scale bar, 20 µm. 
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Supplemental Figure 6. Tie2-Cre;N1ICD AVC explants show increased migratory 

ability. General views of (A) WT and (B) Tie2-Cre;N1ICD AVC explants. The dotted 

lines indicate the plane of section corresponding to the lateral images shown below. All 

explants were fixed and stained with phalloidin-FITC (green) and anti-$-SMA-Cy3 

(red) to detect both the actin cytoskeleton and mesenchymal cells, and counterstained 

with DAPI (blue).  Arrowheads mark transformed endocardial cells. In Tie2-

Cre;N1ICD AVC, transformed cells scatter over the gel surface (C) Quantitative 

analysis of transformation index. The invasive capacity (3D TI) of the transgenic 

explants is unaffected but the 2D TI (surface scattered cells as a proportion of all cells 

of endocardial orgin) is increased (P=4.4x10-2). (D) RT-PCR of endocardial cells from 

AVC WT and transgenic explants. Note that the up-regulation of genes involved in 

EMT (Tgfb2, Snail1, Snail2, Vimentin) and Notch targets (Hey1, Hey2, Heyl). Scale bar, 

200 µm. 

Supplemental Figure 7. Cdh5(PAC)-CreERT2;N1ICD embryos and derived 

ventricular explants undergo partial EMT. (A, B) Whole mount views of E11.5 WT 

and transgenic embryos, tamoxifen-induced from E9.5-E10.5. Note haemorrhage in the 

heart (arrowhead) and surrounding region of the Cdh5(PAC)-CreERT2;N1ICD embryo. 

The dotted lines indicate the plane of sections shown in (D-I). (C) RT-PCR of WT and 

transgenic hearts. (D-I) H+E stained heart sections. (D) View of WT left ventricle and 

AVC. (E) Detail of WT AVC; note the numerous mesenchymal cells (arrowheads) in 

cushion regions. (F) Detail of ventricle; note the flattened endocardial cells (arrows) 

lining the trabecular myocardium. (G) View of Cdh5(PAC)-CreERT2;N1ICD left 

ventricle and AVC. (H) Detail of AVC; cushions are less densely populated by 

mesenchymal cells (arrowheads). Note also a somewhat more rounded morphology. (I) 

Detail of left ventricle; note the fibroblastic, star-like morphology of trabecular 

endocardial cells (arrows). (J, K) General views of E11.5 ventricular explants after three 

days of culture. The dotted lines indicate the plane of section corresponding to the 

lateral views shown below. All explants were triple-stained as in Figure S6. (J) WT 

explant. The endocardium grows as a monolayer. (K) Cdh5(PAC)-CreERT2;N1ICD 

explant. Note the scattered endocardial cells on the collagen surface that do not invade 

the matrix. (L) Quantification of 2D and 3D TI. Note the significantly increased 

migratory capacity of transgenic cells (2D index; P=2.7x10-4). e, endocardium; m, 
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myocardium. Scale bar, 250µm (A, B), 20µm (D, G), 20µm (E, H), 10µm (F, I), 200µm 

(J, K). 

Supplemental Figure 8. Nkx2.5-Cre;N1ICD and cTnT-Cre;N1ICD embryos show 

cardiac dysmorphology and absence of AVC mesenchyme.  (A) Transverse section 

of an E9.5 Nkx2.5-Cre;R26R heart stained with X-gal. LacZ expression is detected in 

the myocardium, endocardium and in the mesenchymal cells of the heart (arrowhead). 

(B) Lateral view of an E9.5 Nkx2.5-Cre;N1ICD heart showing EGFP expression 

throughout the heart. (C,D) Comparison of WT (C) and representative Nkx2.5-

Cre;N1ICD (D) E9.5 whole mount embryos. The dotted line in D indicates the plane of 

histological section. (E) H+E stained transverse heart section of an E9.5 Nkx2.5-

Cre;N1ICD embryo. (F) Detail of AVC; note the lack of mesenchymal cells in the 

cushion (asterisk). (G) Detail of the left ventricle; note the poorly developed trabeculae 

(arrows) and the space separating trabecular endocardium and myocardium. For a 

comparison with a WT heart see Figure S1. (H) Transverse section of an E9.5 cTnT-

Cre;R26R heart stained with X-gal. LacZ expression is detected throughout the 

myocardium. (I) Lateral view of an E9.5 cTnT-Cre;N1ICD heart showing myocardial 

EGFP expression. (J,K) Comparison of WT (J) and representative cTnT-Cre;N1ICD (K) 

E10.5 whole mount embryos. The dotted line in K indicates the plane of histological 

section. (L) H+E stained transverse heart section of an cTnT-Cre;N1ICD embryo at 

E.10.5. (M) Detail of the AVC; note the lack of mesenchymal cells in the cushion space 

(asterisk). (N) Detail of the left ventricle; trabeculae (arrow) appear to be unaffected. 

Scale bar, 20 µm (A, E, H, L); 50 µm (B, I); 100 µm (C, D, J, K); 20 µm (F, G, M,N). 

Supplemental Figure 9. Notch-dependent and Hey-mediated Bmp2 inhibition in 

endocardium and AVC myocardium. (A, H) WISH analysis of E9.5. (A, B) Hey1 

cardiac expression. In WT embryos (A), Hey1 is espressed in the endocardium (arrow) 

and the myocardium (arrowhead) of the atrium. In RBPJk embryos (B), Hey1 is 

detected in the atrial myocardium (arrowhead) but not in the atrial endocardium (arrow). 

(C, D) Hey2 cardiac expression. In WT embryos (C), Hey2 is expressed in the compact 

zone of the ventricular myocardium (arrowhead) and throughout the endocardium 

(arrow). In RBPJk embryos (D), Hey2 is detected in the ventricular myocardium 

(arrowhead) but not in the endocardium (arrow). (E, F) Heyl is expressed in the WT 

AVC endocardium (E) but not in the RBPJk endocardium (F). (G, H) Bmp2 cardiac 

expression. In WT embryos (G), Bmp2 is expressed in the AVC myocardium 
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(arrowhead). In RBPJk embryos (H), myocardial Bmp2 transcription (arrowhead) is 

unaffected. In contrast, these mutants show ectopic Bmp2 expression throughout the 

endocardium (arrow) and myocardial expression is normal (arrowhead). (I) RT-PCR 

analysis. RBPJk mutants show reduced Hey2 expression and increased Bmp2 

expression. at, atrium; lv, left ventricle; the bracket marks the atrio-ventricular canal 

(avc). Scale bar, 20 µm. 

Supplemental Figure 10. NF-!%  inhibition reduces the BMP2-dependent WT 

ventricular transformation. All explants were triple-stained as in Figure S6. Lateral 

sections of explants are shown below. Arrowheads mark invading ENC. (A) BMP2-

treated WT ventricular explants. (B) Inhibition of NF-!% activity in BMP2-treated WT 

ventricular explants. (C) Quantitative analysis of transformation index. The 2D 

(P=3.54x10-5) and 3D (P=0.03) TI is reduced with the NF-!% inhibitor treatment. (D) 

RT-PCR analysis of endocardial cells from BMP2 and BMP2 + NF-!% inhibitor-treated 

WT ventricular explants. NF-!% inhibition reduces Snail1 expression.  Scale bar, 200 

µm. 

Supplemental Figure 11. Myocardial Bmp2 deletion disrupts AVC development 

and leads to reduced Notch1 and Snail1 transcription. (A) E10.5 WT embryo. The 

dotted line indicates the plane of section shown in (C). (B) E10.5 cTnT-Cre;Bmp2flox 

embryo. The dotted line indicates the plane of section shown in (D). Note the reduced 

size and the accumulated blood in the heart and cephalic region. (C, D) H+E staining. 

General views. (E) Detail of WT AVC; note the numerous mesenchyme cells 

(arrowhead) in the cushion. (F) Detail of corresponding region in cTnT-Cre;Bmp2flox 

heart. The arrowheads mark flattened endocardial cells. There is no sign of cushion 

tissue or mesenchyme. avc, atrioventricular canal, avc. Scale bar, 100 µm (A, B), 10 µm 

(C, D, E, F).  

Supplemental Figure 12. Interactions between Notch, Hey proteins and Bmp2 

during cardiac patterning. (A) Left, E9.5 WT heart. Myocardium (dark grey) and 

endocardium (light grey) are shown, with N1ICD activity (red) labelling specific 

endocardial regions in chambers and AVC. Middle, myocardial expression domains of 

Hey1, Hey2 and Bmp2 pattern the chambers and AVC. Atrial Hey1 (blue) and 

ventricular Hey2 (green) expression confines Bmp2 (orange) to prospective valve 

myocardium. Right, endocardial expression domains. N1ICD activates in a region-
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specific manner Hey1 (blue), Hey2 (green) and Heyl (yellow) to pattern the AVC and 

chambers and repress Bmp2. (B) Left, E9.5 Tie2-Cre;N1ICD heart. N1ICD (red) is 

ectopically expressed throughout the endocardium. Middle, myocardial expression of 

Hey is unaffected and AVC and chambers patterning is normal. Right, Ectopic N1ICD 

in endocardium activates Hey1-l, and AVC features are expanded to the ventricles. 

Bmp2 is repressed. (C) Left, E9.5 cTnT-Cre;N1ICD heart. N1ICD is ectopically 

expressed throughout the myocardium, while endocardial expression is normal. Middle, 

Hey1 is ectopically expressed in the myocardium and represses Bmp2 in this tissue. 

AVC patterning is lost. Right, endocardial N1ICD and Hey1-l are unaffected and 

patterning is normal. (D) Left, E9.5 RBPJk mutant heart. Middle, myocardial expression 

of Hey1 and Hey2 is unaffected and Bmp2 is repressed in chamber myocardium. 

Patterning is normal. Right, endocardial expression of Hey1-l is down-regulated and 

Bmp2 is ectopically expressed throughout the endocardium. Patterning is lost. at, 

atrium; avc, atrio-ventricular canal; lv, left ventricle. 

Supplemental Videos Legends 

In all videos the explants are viewed from the top. Explants were stained with 

phalloidin-FITC (green) and anti-$-SMA-Cy3 (red) to detect both the actin 

cytoskeleton and mesenchymal cells and counterstained with DAPI (blue). The 

myocardium is a compact mass on top of ENC.  

Supplemental Video 1: WT and Tie2-Cre;N1ICD AVC explants on collagen gel. In 

both genotypes a large fraction of endocardial cells undergo EMT, extending cellular 

processes and migrating over and inside the gel. After confocal analysis and 

quantification, it was observed an increased migratory capacity of transgenic ENC. 

Supplemental Video 2: WT and Tie2-Cre;N1ICD ventricular explants. In WT 

explants ENC grow as a coherent monolayer while in Tie2-Cre;N1ICD explants ENC 

transform and migrate across the gel. Confocal analysis indicated that these ENC 

undergo partial EMT, as they do not invade the collagen gel.  

Supplemental Video 3: WT and Tie2-Cre;N1ICD ventricular explants cultured 

with BMP2. In both genotypes addition of BMP2 to the medium induces complete 

EMT of ENC cells. Confocal analysis indicated that these transformed ENC invade the 

collagen.  
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Supplemental Video 4: Nkx2.5-Cre;N1ICD AVC explants cultured in the absence 

or presence of BMP2. Confocal analysis indicated in the absence of BMP2, ENC 

undergo partial EMT with ENC migrating but not invading the collagen gel. Upon 

BMP2 addition to the medium, transform ENC become fully invasive.  
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Luna-Zurita et al. Supplemental Table 1: Differentially expressed genes in the heart of Tie2-CRE; N1ICD embryos that are involved in cell 
migration, invasion and Notch signaling. 
 
Gene 
symbol 

            Gene  Affymetrix 
probe-set ID 

Ref. Seq ID WT 
Avg_log2 
exp 

N1ICD 
Avg_log2 
exp 

Log 2 
ratio 

Adjusted 
p value 
(FDR)  
 

Cellular 
Function 

Reference 

Snail2 Snail2 1447643_x_at NM_011415 7.08 8.11 

 

1.03 0.023 EMT  (1). 

Twist2 Twist homolog 2 1448925_at NM_007855 5.21 5.95 0.74 0.031 EMT (2) 

Bmp6 Bone Morphogenetic Protein 6 1450759_at 

 

NM_007556 

 

5.82 6.49 0.67 0.029 EMT (3) 

Bmpr1a/ 
Alk3 
 

Bone Morphogenetic  
Protein Receptor 1A 

1425491_at NM_009758   7.17 7.89 0.72 0.051 EMT (4) 

Bmpr1b/ 
Alk6 
 

Bone Morphogenetic  
Protein Receptor 1B 

1437312_at NM_007560 4.62 5.14 0.52 0.039 EMT (5) 

Cxcl7 chemokine (C-X-C motif) 
ligand 7 
 

1418480_at NM_023785 3.79 6.04 2.25 0.015 Cell Migration (6) 

Cxcr4 chemokine (C-X-C motif) 
receptor 4 
 

1448710_at NM_009911 4.65 6.4 1.75 0.001 Cell Migration, 
Metastasis 

(7) 

CD47 CD47 antigen 1419554_at NM_010581 7.66 8.64 0.98 0.031 Transendothelial 
Migration of T cells 
 

(8) 

Cyr61 cysteine rich protein 61 1416039_x_at NM_010516 7.63 8.71 1.08 0.010 Endothelial 
Migration 

(9) 
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Foxo3a forkhead box O3a 1434832_at NM_019740 5.93 7.13 1.2 0.017 Endothelial 
Migration 
 

(10) 

Tiam1 T-cell lymphoma invasion and 
metastasis 1 

1418057_at NM_009384 7.39 8.24 0.85 0.037 Proinvasive 
Factor 
 

(11) 

Anxa2 annexin A2 1419091_a_at NM_007585 10 11.11 1.11 0.006 Migration, 
Adhesion 
 

(12) 

Anxa4 annexin A4 1421223_a_at NM_013471 4.68 6.79 2.11 0.002 Cell migration (13) 

Thbs1 thrombospondin 1 1460302_at NM_011580 5.62 7.05 1.43 0.002 Cell migration (14) 

Smoc2 SPARC related modular 
calcium binding 2 
 

1415935_at NM_022315 5.07 6.12 1.05 0.028 Endothelial migration (15) 

Malat1 metastasis associated lung 
adenocarcinoma transcript 1 
 

1429060_at NR_002847 6.88 8.28 1.4 0.028 Metastasis (16) 

P4ha1 procollagen-proline, 2-
oxoglutarate 4-dioxygenase 
(proline 4-hydroxylase), alpha 1 
polypeptide 
 

1426519_at NM_011030 5.51 7.28 1.77 0.008 Collagen synthesis (17) 

Plod2 procollagen lysine, 2-
oxoglutarate 5-dioxygenase 2 

1416686_at NM_011961 

 

7.40 9.19 1.79 0.012 Collagen synthesis (18) 

Dkk3 dickkopf homolog 3 1448669_at NM_015814 7.44 8.56 1.12 0.006 Invasion 
modulation 

(19) 

Nppa natriuretic peptide precursor 
type A 
 

1456062_at NM_008725 11.71 12.59 0.88 0.006 Chamber 
development 

(20) 

Vwf Von Willebrand factor homolog 1435386_at NM_011708 6.60 7.84 1.24 0.008 Endothelial 
differentiation and 

(21) 
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function 
 

Irx6 Iroquois related homeobox 6  1427383_at NM_022428 5.07 6.27 1.20 0.006 transcriptional 
regulation  
 

(22) 

Hey1 hairy/enhancer-of-split related 
with YRPW motif 1 

1415999_at NM_010423 7.93 8.75 0.82 0.037 Notch target, 
Cardiac EMT 

(23, 24) 

Hey2 hairy/enhancer-of-split related 
with YRPW motif 2 

1418106_at NM_013904 7.24 8.13 0.89 0.084 Notch target, 
AV valve 
development 
 

(25, 26) 

Heyl hairy/enhancer-of-split related 
with YRPW motif-like 
 

1419302_at NM_013905 4.00 5.13 1.13 0.011 Notch target, 
Cardiac EMT 

(24) 

Hand2 heart and neural crest 
derivatives expressed transcript 
2 
 

1436041_at XM_0014755
50 

10.23 9.40 -0.83 0.011 Chamber 
development 

(27, 28) 

Notch4 Notch gene homolog 4 1449146_at NM_010929 5.30 6.80 1.50 0.063 Endothelial Notch 
receptor 
 

(29) 

c-Myc myelocytomatosis oncogene 1424942_a_at NM_010849 5.91 6.69 0.78 0.036 Oncogene, Notch 
target 
 

(30) 

Nrarp Notch-regulated ankyrin repeat 
protein 

1417985_at NM_025980 6.46 7.82 1.36 0.055 Notch target (31) 
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Supplemental Table 2: Genotyping primers 
 

Gene Primers set (5' to 3') 
Annealing temp. 

(ºC) Product length Ref. 
 
R26N1ICD  
 AAAGTCGCTCTGAGTTGTTAT 55 317 

(1) 
 

 GAAAGACCGCGAAGAGTTTG    
 
RBPJk  
 CAGTGGGGAGCATTTTACCAT 55 415 (2)- 
 GAGGAAATTGCATCGCATTGTCGAG    
 
Bmp2flox 
 GTGTGGTCCACCGCATCAC 55 545 (3) 
 GGCAGACATTGTATCTCTAGG    
 
Tie2-Cre 
 GGGAAGTCGCAAAGTTGTGAGTT 60 500 (4) 
 CTAGAGCCTGTTTTGCACGTTC    
 
Nkx2.5-Cre 
 GCGCACTCACTTTAATGGGAAGAG 60 583 (5) 
 GCCCTGTCCCTCAGATTTCACACC    
 
cTnT-Cre 
 TACTCAAGAACTACGGGCTGC 60 350 (6) 
 GCACTCCAGCTTGGTTCCCGA    
 
Cdh5(PAC)-CreERT2  ACACCAGAGACGGAAATCCATC 62 500 This report 
 GCAGAACCTGAAGATGTTCGC    
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Supplemental Table 3: RT-PCR primers 

 

Gene Primers set (5' to 3') 
Annealing temp. 

(ºC) Product length Ref. 
 
Anf GGCAGAGACAGCAAACATCA 55 381 This report 

 TGCTTTTCAAGAGGGCAGAT    
 
Bmp2 GTGTGGTCCACCGCATCAC 65 474 (1) 
 GGCAGACATTGTATCTCTAGG    
 
Bmp6 CGCGTCTACAAGGACTGTGTGGT 60 649 This report 
 
 CGTACTCGGGATTCATAAGGTGGA    
CD31 TGCGATGGTGTATAACGTCACCTCCA 56 384 (2) 
 GCTTGGCAGCGAAACACTAACACGTG    
 
Chisel CCAATCCAGAGAGCAGGGCTAAG 56 294 This report 
 GACTACTGTTCACCTTTGGGGACA    
 
c-Myc GTCTTCCCCTACCCGCTC 62 404 (3) 
 CTGTCCAACTTGGCCCTC    
 
Connexin 43 CTGCCTTTCGCTGTAACACT 57 399 (4) 
 CGCTCAAGCTGAACCCATA    
 
Cxcr4 ACATCTGTGACCGCCTTTACCC 60 506 This report 
 GCTGGAGTGAAAACTGGAGGATT    
 
Delta-like 4 AAGGTGCCACTTCGGTTACAC 60 531 (5) 
 AGATGCCCACAGGAGCTACAG    
 
Has2 ATGGATCCGCAAAAATGGGGTGGAA 51 450 (6) 
 GCGAATTCTAGTTGCATAGCCCAGA    
 
Hey1 AGG GTG GGA TCA GTG TGC 56 355 (5) 
 TGC TTC TCA AAG GCA CTG    
 
Hey2 GAG GCA GTG ATG ACA TCC 58 273 (5) 
 CCC TGA TGG CAT CCG AAG AGC    
 
Heyl GGTCCCCACTGCCTTTGAGA 65 381 (7) 
 AGGATGGCGAGCTGACTGTTC    
 
Irx5 CCACTCGCCACCGCCACCT 63 304 (8) 
 GCCATAGTTCGTGTAGCCCGGATA    
 
Mlc2a AAGGGAAGGGTCCCATCAACTTCA 55 202 (9) 
 AACAGTTGCTCTACCTCAGCAGGA    
 
Mlc2v ACTTCACCGTGTTCCTCACGATGT 55 254 (9) 



 2 

 TCCGTGGGTAATGATGTGGACCAA    
 
N1ICD GCTGACCTGCGCATGTCTGCCATG 60 330  This report 
 CATGTTGTCCTGGATGTTGGCATCTG    
 
Nrarp AGATGGTGGAGCCCGGTAATGGTT 64 517 This report 
 TCTCATCACCAAGGCCAAGTACGC    
 
Periostin GGCTGAAGATGGTTCCTCTC 56 574 

 
(10) 

 TTGACATTGAGGAATAACCA    
 
Snail1 GGAAGCCCAACTATAGCGAGC 57 424 (11) 
 CAGTTGAAGATCTTCCGCGAC    
 
Snail2 GCGAACTGGACACACACACAGTTAT 55 572 (12) 
 CCCCAGTGTGAGTTCTAATGTGTCC    
 
Sox9 GCAAGCTGGCAAAGTTGATCT 65 106 (13) 
 GCTGCTCAGTTCACCGATG    
 
Tgfb2 AATGTGCAGGATAATTGCTGC 55 130 This report 
 TTCGGGATTTATGGTGTTGTA    
 
Twist1 CGGGTCATGGCTAACGTG 60 196 (14) 
 CAGCTTGCCATCTTGGAGTC    
 
Twist2 ACAAGCTCAGCAAGATCCAGACGC 61 433 This report 
 GTGAGGAGATGAGGGCACAGAAG    
 
Vimentin CCCCCTTCCTCACTTCTTTC 57 136 (15) 
 AAGAGTGGCAGAGGACTGGA    
 
b-Actin GGACCTGGCTGGCCGGGACC 62 583 (16) 
 GCGGTGCACGATGGAGGGGC    
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