
SUPPLEMENTAL MATERIALS 

 

Gene-specific endothelial programs drive AVM pathogenesis in SMAD4 and ALK1 loss-of-

function 

Authors: Dr. Olya Oppenheim1,2,3, Dr. Wolfgang Giese1,2, Dr. Hyojin Park6, Dr. Elisabeth 

Baumann1,2,3, Dr. Andranik Ivanov3,4, Prof. Dieter Beule3,4, Prof. Anne Eichmann5,6,7, Prof. Holger 

Gerhardt1,2,3,4 

Affiliations:  

1 Max Delbrück Center for Molecular Medicine in the Helmholtz Association, Berlin, Germany 

2 DZHK (German Center for Cardiovascular Research), Partnersite Berlin, Germany 

3 Charité Universitätsmedizin Berlin, Germany 

4 Berlin Institute of Health, Berlin, Germany 

5 Cardiovascular Research Center, Department of Internal Medicine, Yale University School of 

Medicine, New Haven, CT, USA 

6 Department of Molecular and Cellular Physiology, Yale University School of Medicine, New 

Haven, CT, USA 

7 PARCC, INSERM, Université de Paris, Paris, France 

 



SMAD4

GAPDH

GAPDH

ALK1

Western blot

qPCR

Knockdown verification

Figure S1.1

ALK1 SMAD4
0.0

0.5

1.0

1.5
n.

e.
r (

b-
ac

tin
)

siCTRL

siSMAD4
siALK1

siDouble

p = 0.0003

p = 0.0005

p = 0.0010

p = 0.0004

ALK1 SMAD4
0.0

0.5

1.0

1.5

no
rm

al
iz

ed
 to

 G
ap

D
H siCTRL

siALK1
siSMAD4

p = 0.0004 p = 0.0004



Figure S1.1:  

Knockdown verification of SMAD4, ALK1. Top – qPCR analysis of siCTRL (black), siSMAD4 (blue), 

siALK1 (magenta), siDouble (lime), 48h post siRNA treatment. Log2FC values represent relative 

expression to b-actin. n=3 independent experiments. Bottom – Western blot analysis of siCTRL, 

siSMAD4 and siALK1 with representative images of blots, 48h post siRNA treatment. Bands 

normalized to GAPDH; Data presented as Mean ±SEM. n=3 independent experiments. Statistical 

analysis done using 2-way ANOVA with Dunnett’s multiple comparisons test. Quantifcation data 

available in 01_statistics.xlsx. Raw blot images are included in WB.pdf 
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M11452 Regulation of cardiac muscle cell differentiation

M40359 Ribonucleoside monophosphate catabolic process
M40353 Purine nucleoside monophosphate catabolic process

M29213 Negative regulation of receptor signaling pathway via jak stat
M25440 Positive regulation of cell proliferation involved in heart morphogenesis

M25331 Negative regulation of cardiocyte differentiation
M25330 Regulation of cardiocyte differentiation

M24991 Positive regulation of extracellular matrix assembly
M24413 Basement membrane assembly

M24223 Lymphatic endothelial cell differentiation

M10548 Ribonucleotide catabolic process

M11703 Endocardium development
M11797 Regulation of dna damage response signal transduction by p53 class mediator

M11908 Glucosamine containing compound metabolic process
M12089 Morphogenesis of an endothelium

M13047 Positive regulation of extracellular matrix organization

M13427 Endothelium development
M13955 Amino sugar metabolic process

M14359 Positive regulation of response to cytokine stimulus
M14598 Renal system vasculature development

M15495 Cell adhesion mediated by integrin

M15779 Lymph vessel development
M16063 Peptide catabolic process

M16491 Protein targeting to lysosome
M22311 Regulation of systemic arterial blood pressure by endothelin

M22712 Regulation of microtubule nucleation

M10160 Ceramide catabolic process

M10813 Coenzyme a metabolic process

M11628 Membrane lipid catabolic process

M13223 Regulation of vascular endothelial growth factor receptor signaling pathway

M15266 Cardiac epithelial to mesenchymal transition

M15711 Angiogenesis involved in wound healing

M16086 Basement membrane organization

M23152 Glomerular basement membrane development
M23784 Glycosylceramide catabolic process

M40571 Positive regulation of basement membrane assembly involved in embryonic body morphogenesis
M43001 Positive regulation of mitophagy

M12373 Glycolipid catabolic process
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M42646 Compartment pattern specification

M34283 Cell junction disassembly
M29320 Negative regulation of cell substrate junction organization

M24137 Positive regulation of type i interferon mediated signaling pathway
M23831 Autophagic cell death

M22810 Glycoside catabolic process
M22642 Regulation of cytoplasmic mrna processing body assembly

M13929 Purine nucleotide transport
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M23387 Endothelial cell chemotaxis
M23506 Endothelial cell activation

M23522 Purine nucleoside metabolic process
M23745 Positive regulation of glycolytic process

M23815 Positive regulation of hormone biosynthetic process

M23866 Post embryonic animal organ development
M24282 Positive regulation of transcription from rna polymerase ii promoter in response to hypoxia

M24654 Positive regulation of deacetylase activity
M24926 Regulation of deacetylase activity

M24947 Negative regulation of execution phase of apoptosis
M25026 Regulation of histone deacetylase activity

M25027 Positive regulation of histone deacetylase activity

M25153 Positive regulation of tumor necrosis factor mediated signaling pathway

M25401 Peptidyl tyrosine dephosphorylation involved in inactivation of protein kinase activity

M29107 Taurine transport
M29202 Camp metabolic process

M42722 Positive regulation of pseudopodium assembly

M10378 Positive regulation of mitochondrial fission

M13698 Amino sugar catabolic process

M10244 Regulation of vasculogenesis

M10481 Positive regulation of endothelial cell chemotaxis

M12994 Negative regulation of actin filament bundle assembly
M13207 Positive regulation of transcription from rna polymerase ii promoter in response to stress

M13583 Negative regulation of release of cytochrome c from mitochondria

M13727 Purine nucleoside biosynthetic process
M13959 Positive regulation of endoplasmic reticulum unfolded protein response

M14909 Regulation of protein autophosphorylation
M15290 Response to epinephrine

M15438 Negative regulation of peptidyl serine phosphorylation
M15557 Regulation of endothelial cell chemotaxis

M15928 Positive regulation of vascular endothelial growth factor receptor signaling pathway
M16493 Negative regulation of signal transduction in absence of ligand

M16835 Regulation of execution phase of apoptosis
M22790 Choline transport

M14416 Regulation of dna damage checkpoint

M22840 Peptidyl lysine hydroxylation

M22989 Negative regulation of vascular endothelial growth factor receptor signaling pathway

M24597 Chemokine c x c motif ligand 2 production
M24623 Protein localization to cell cortex

M25281 Regulation of apoptotic process involved in development
M25287 Positive regulation of protein localization to cell cortex

M25577 Regulation of cysteine type endopeptidase activity involved in execution phase of apoptosis

M42912 Caveola assembly

M11264 Camp biosynthetic process
M11432 Regulation of vacuole organization

M11484 Membrane raft organization
M11648 Positive regulation of hormone metabolic process

M12454 Sphingoid metabolic process

M22842 Peptidyl lysine monomethylation
M22957 Eosinophil differentiation

M22961 Lipid glycosylation
M22977 Ubiquitin dependent smad protein catabolic process

M23012 Pseudopodium organization

M23053 Bleb assembly

M11953 Mitochondrial calcium ion homeostasis

M25085 Negative regulation of cellular response to vascular endothelial growth factor stimulus

M12936 Response to ischemia
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M23463 Apolipoprotein a i mediated signaling pathway

M10312 Somatic stem cell population maintenance
M10479 Ventricular septum morphogenesis

M10565 Cardiac left ventricle morphogenesis
M10737 Regulation of cell cell adhesion mediated by cadherin

M10805 Negative regulation of platelet activation
M10851 Sphingolipid mediated signaling pathway

M11419 Negative regulation of jun kinase activity

M11732 Anatomical structure arrangement
M11933 Cardiac conduction system development

M12035 Cell differentiation involved in embryonic placenta development
M12124 Placenta blood vessel development

M12483 Negative regulation of smooth muscle cell migration
M12559 Atrial septum morphogenesis

M12592 Plasma lipoprotein particle clearance
M12689 Response to inactivity

M12839 Labyrinthine layer blood vessel development
M13323 Heart valve formation

M13399 Positive regulation of cell adhesion mediated by integrin
M14824 Heart trabecula formation

M15041 Exploration behavior
M15117 Epithelial cell morphogenesis

M15439 Regulation of lipoprotein metabolic process
M16151 Aorta morphogenesis

M16320 Negative regulation of glucose import
M16437 Negative regulation of receptor binding
M16613 Response to laminar fluid shear stress

M22327 Atrioventricular valve formation
M22329 Ventricular compact myocardium morphogenesis

M22515 Transmembrane receptor protein tyrosine phosphatase signaling pathway
M22662 Negative regulation of extracellular matrix disassembly

M22716 Positive regulation of lipoprotein particle clearance
M22759 Heparan sulfate proteoglycan biosynthetic process polysaccharide chain biosynthetic process

M22843 Peptidyl lysine oxidation
M22847 Protein oxidation

M22851 Protein o linked glycosylation via serine

M23223 Positive regulation of cell cell adhesion mediated by integrin
M23230 Endosomal vesicle fusion

M23403 Ascending aorta development
M23461 Netrin activated signaling pathway

M23843 Elastic fiber assembly
M23857 Mesendoderm development

M24072 Negative regulation of cardiac muscle contraction

M24146 Regulation of ventricular cardiac muscle cell membrane depolarization
M24224 Blood vessel endothelial cell differentiation

M24226 Arterial endothelial cell differentiation
M24264 Negative regulation of insulin secretion involved in cellular response to glucose stimulus

M24275 Notch signaling involved in heart development
M24309 Motor behavior

M24327 Regulation of cardiac epithelial to mesenchymal transition
M24463 Cellular response to mineralocorticoid stimulus

M24948 Positive regulation of receptor binding

M25134 Protein localization to membrane raft
M25278 Vascular associated smooth muscle cell migration

M25311 Regulation of epithelial to mesenchymal transition involved in endocardial cushion formation
M25312 Positive regulation of epithelial-mesenchymal transition involved in endocardial cushion formation

M25332 Positive regulation of cardiocyte differentiation

M25520 Regulation of cardiac vascular smooth muscle cell differentiation
M25578 Regulation of unsaturated fatty acid biosynthetic process

M29129 Heparin metabolic process
M29167 Keratan sulfate metabolic process

M29269 Hydrogen sulfide metabolic process
M29297 Complement dependent cytotoxicity

M29355 Regulation of complement dependent cytotoxicity
M34140 Diol biosynthetic process

M34281 Signaling receptor ligand precursor processing

M41801 Cysteine catabolic process
M42842 Formation of anatomical boundary

M42882 Angiogenesis involved in coronary vascular morphogenesis
M42957 Endocardial cushion to mesenchymal transition

M11100 Hyaluronan catabolic process
M11232 Regulation of ruffle assembly

M14963 Positive regulation of sprouting angiogenesis
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M23193 Adiponectin activated signaling pathway

M23862 Regulation of pinocytosis
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M24142 Regulation of fc receptor mediated stimulatory signaling pathway
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M24956 Regulation of amyloid beta clearance

M25350 Regulation of fc gamma receptor signaling pathway involved in phagocytosis

M29023 Udp glucose metabolic process
M29061 Adenylate cyclase inhibiting serotonin receptor signaling pathway

M40573 Positive regulation of epithelial tube formation

M43081 Negative regulation of chemokine c x c motif ligand 2 production
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M24237 Endocardial cell differentiation
M23721 Negative regulation of endothelial cell differentiation

M10085 Cytoplasmic translation
M10798 Endocardial cushion development

M15098 Epithelial to mesenchymal transition involved in endocardial cushion formation
M16477 Innervation

M11666 Endocardial cushion morphogenesis
M13403 Negative regulation of myoblast differentiation

M23091 Negative regulation of endoplasmic reticulum calcium ion concentration

M25266 Negative regulation of ubiquitin protein ligase activity

M40539 Negative regulation of nodal signaling pathway
M34296 Apoptotic process involved in blood vessel morphogenesis
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M24754 Self proteolysis
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M12830 Lymphangiogenesis
M13667 Regulation of transcription from rna polymerase ii promoter in response to hypoxia

M14470 Lymph vessel morphogenesis
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M15947 Positive regulation of transcription from RNApolII promoter involved in cellular response to chemical stimulus
M16265 Response to misfolded protein
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M10285 Ammonium ion metabolic process
M11150 Vascular endothelial growth factor receptor signaling pathway

M11824 Regulation of extracellular matrix assembly

M14959 Regulation of dna templated transcription in response to stress
M14955 Protein folding in endoplasmic reticulum

M15831 Peptidyl asparagine modification

M22877 L methionine salvage from methylthioadenosine

M23582 Amino acid salvage

M40587 Regulation of protein neddylation

M23404 Dorsal aorta development

M23107 Chemokine production

M25291 Regulation of cell chemotaxis to fibroblast growth factor
M25300 Negative regulation of receptor signaling pathway via stat

M40591 Negative regulation of cardiac muscle cell differentiation

M10576 Heart trabecula morphogenesis

M13232 Regulation of cell adhesion mediated by integrin

M18664 N acetylglucosamine metabolic process

M22820 Attachment of gpi anchor to protein

M11312 Regulation of fibroblast migration
M11525 Positive regulation of substrate adhesion dependent cell spreading

M12042 Negative regulation of coagulation
M12343 Regulation of substrate adhesion dependent cell spreading

M12728 Positive regulation of nik nf kappab signaling

M23221 Cell cell adhesion mediated by integrin

M42777 Fc gamma receptor signaling pathway

M34152 Dorsal aorta morphogenesis

M25120 Positive regulation of tau protein kinase activity
M24714 Inflammatory response to wounding

M24491 Transforming growth factor beta production

M10128 Negative regulation of map kinase activity

M13615 Diol metabolic process
M13650 Mesoderm morphogenesis

M13752 Positive regulation of chemokine production
M15869 Regulation of sprouting angiogenesis

M15939 Ventricular trabecula myocardium morphogenesis
M15987 O glycan processing

M16264 Positive regulation of receptor recycling

M22254 Fc receptor mediated stimulatory signaling pathway

M23222 Regulation of cell cell adhesion mediated by integrin

M23156 Transforming growth factor beta2 production
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Figure S1.2 

Full panel plot of GO_BP of siSMAD4 vs. siALK1 in static, 4h and 16h of LSS. GO_BPs are clustered 

according to their enrichment in the different flow conditions: Cluster I – enrichment in all flow 

conditions; Cluster II – enrichment in static only; Cluster III – enrichment in 4h LSS only; Cluster 

IV – enrichment in 16h LSS only; Cluster V – enrichment in both 4h and 16h LSS; Cluster VI – 

enrichment in static and 4h LSS OR 16h LSS. 
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Figure S1.3 

Expression patterns of individual genes over time (RNA-seq data). Y axis is Log2FC scale 

normalized to siCTRL static, X axis are flow conditions. Expression patterns of (a) Canonical 

BMP/TGF-beta associated genes; (b) Notch and Arterial identity associated genes; (c) Endothelial 

adhesion associated genes; and (d) Angiogenic and venous identity associated genes. siCTRL – 

black; siSMAD4 – blue; siALK1 – magenta. Adjusted p-values under 0.05 are indicated.  
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Figure S2 

a. Representative pSMAD1/5/9 immunofluorescence images of siRNA-treated HUVECs after 

exposure to HSS (1.8 Pa). Scale bar 100μm. 

b. Representative pSMAD2/3 immunofluorescence images of HUVECs after exposure to static, 

4h and 16h, 0.6 and 1.8 Pa conditions. Scale bar 100μm. 

c. Quantification of nuclear pSMAD2/3 signal at all conditions, normalized to cytosolic signal. 

Box- and scatter plots display the distribution of raw image-level measurements (≤10 

images per experiment per condition). Statistical analysis was done on experimental means 

using 2-way ANOVA with Tukey’s multiple comparison correction.  Sample size: n_static=1; 

n_0.6_Pa=3 (both time points); n_1.8_Pa=2 (both time points). Full statistical analysis 

outputs are available in 02_statistics.xlsx 

d. Individual expression patterns of TGF-beta/pSMAD2/3 targets under 0.6 Pa (LSS) flow (RNA-

seq data). Y axis is Log2FC scale normalized to siCTRL static. Expression patterns of a. siCTRL 

– black; siSMAD4 – blue; siALK1 – magenta. Adjusted p-values under 0.05 are indicated.  
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Figure S3 

a. Representative KLF4 immunofluorescence images of HUVECs after exposure to static, 4h and 

16h, 0.6 and 1.8 Pa conditions. Scale bar 100μm. 

b. Quantification of nuclear KLF4 signal at 1.8 Pa, normalized to cytosolic signal. Box- and scatter 

plots display the distribution of raw image-level measurements (≤10 images per experiment 

per condition). n=2 independent experiments. Statistical analysis was done on experimental 

means using 2-way ANOVA with Tukey’s multiple comparison correction.  

c. Representative VEcad immunofluorescence images of HUVECs after exposure to static, 4h 

and 16h, 0.6 and 1.8 Pa conditions. Scale bar 100μm. 

d. – f. Statistical analysis of cell orientation (d), cell area (e) and cell elongation (f) of siCTRL-, 

siSMAD4- and siALK1-treated HUVECs at static, 4h and 16h at 1.8Pa (HSS). ). Box- and scatter 

plots display the distribution of raw image-level measurements (≤10 images per experiment 

per condition). Statistical analysis was done on experimental means using 2-way ANOVA with 

Tukey’s multiple comparison correction. Full statistical analysis outputs are available in 

03_statistics.xlsx 
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Figure S4 

a-c. Migration analysis of cells in monoculture. (a) Quantification of mean migration velocity 

parallel to flow direction of siCTRL-, siSMAD4- or siALK1-treated HUVECs. (b) Total migration 

velocity plot and Quantification of siCTRL-, siSMAD4- or siALK1-treated HUVECs. (c) Total 

migration displacement analysis of siCTRL-, siSMAD4- or siALK1-treated HUVECs. 

d-f. Migration analysis of siCTRL_green cells in mosaic co-cultures. (d) Quantification of mean 

migration velocity parallel to flow direction of siCTRL-treated HUVECs when co-cultured either 

with themselves (siCTRL_siCTRL, gray), or with siSMAD4- or siALK1-treated HUVECs 

(siCTRL_siSMAD4, blue and siCTRL_siALK1, magenta). (e) Total migration velocity plot and 

Quantification of siCTRL-treated HUVECs when co-cultured either with themselves 

(siCTRL_siCTRL, gray), or with siSMAD4- or siALK1-treated HUVECs (siCTRL_siSMAD4, blue and 

siCTRL_siALK1, magenta). (f) Total migration displacement analysis of siCTRL-treated HUVECs 

when co-cultured either with themselves (siCTRL_siCTRL, gray), or with siSMAD4- or siALK1-

treated HUVECs (siCTRL_siSMAD4, blue and siCTRL_siALK1, magenta). 

g-i. Migration analysis of siRNA_red cells in mosaic co-cultures. (g) Quantification of mean 

migration velocity parallel to flow direction of red fraction of siRNA-treated HUVECs when co-

cultured with siCTRL_green (siCTRL_siCTRL, gray; siCTRL_siSMAD4, blue; or siCTRL_siALK1, 

magenta). (h) Total migration velocity plot and Quantification of red fraction of siRNA-treated 

HUVECs when co-cultured with siCTRL_green (siCTRL_siCTRL, gray; siCTRL_siSMAD4, blue; or 

siCTRL_siALK1, magenta). (i) Total migration displacement analysis of siRNA-treated HUVECs 

when co-cultured with siCTRL_green (siCTRL_siCTRL, gray; siCTRL_siSMAD4, blue; or 

siCTRL_siALK1, magenta). 

Statistical analysis was done using 2-way ANOVA with Holm-Šídák multiple comparison 

correction. Full statistical outputs available in 04_statistics.xlsx. 
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Figure S5 

a. Analysis overview: two-dimensional masks of retina outline, arteries and veins in flat-

mounted retinae, result in a 2D map. Each GFP+ EC’s coordinates are based on its location 

relative to the vein (0.0) and artery (1.0) and the radial distance from the optic nerve to the 

sprouting front. Kernel Density Estimate (KDE) plots represent the cumulative location of all 

GFP+ EC across all retinae for each genotype. 

b. – c. Density histogram of GFP+ pixel distribution relative to the arteries at P8 (b) and P15 (c), 

respectively. Vertical lines represent means of each genotype (gray – CTRLmTmG; blue – 

Smad4mTmG; magenta – Alk1mTmG). 

d.  PERMANOVA analysis output of PC1 and PC2.  

e. Higher magnification images of retina sections shown in Figure 5. Scale bar 250µm. a-artery; 

v-vein. 
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Figure S6 

a–d. Microscopy images of P5 retinae of Smad4 fl/fl (a), Smad4iECKO (b), Alk1 fl/fl (c), Alk1iECKO (d). 

Light blue dashed rectangles mark areas of sprouting front (SF) and remodeling plexus/AVM zone 

(RP) on the right of each image. Scale bar 100µm. Anastomosis events marked in orange triangles; 

Regression events marked in dark blue unfilled triangles.  

e–f. Vessel density (vessel volume/ROI volume x100%) (e); and anastomosis/regression events 

ratios (f) in littermate controls (full-color bars) and KO retinae (dotted bars). Collection time 

points (P5 or P6) are annotated under each group. 2-way ANOVA test was used to determine 

statistical significance with Tukey’s multiple correction. Data are represented as mean ± SEM. Full 

statistical outputs available in 06_statistics.xlsx.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary movies: 

Live imaging of endothelial migration under flow. 

S1-3.  Representative time lapse imaging of HUVECs labeled with SPY505 and exposed to LSS for 

48h. 1. siCTRL; 2. siSMAD4; 3. siALK1. Frame interval – 7.5 minutes. 

S4-6. Representative time lapse imaging of HUVECs labeled with CellTracker Green (siCTRL) and 

CellTracker Red (siCTRL/siSMAD4/siALK1) and exposed to LSS for 62h. 4. siCTRL mosaic (green + 

red); 5. siCTRL green+siSMAD4 red; 6. siCTRL green+siALK1 red. 
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Major Resources Table 

Mouse Lines 
Strain Vendor or Source Background 

Strain 
Sex Diet, housing&husbandry conditions Persistent ID / URL 

Alk1f/f Dr. S.Paul Oh,  
Barrow 
Neurological 
Institute, Phoenix, 
Arizona 

129/C57BL/6J  M
&F 

Mice were fed a standard 
laboratory diet using Inotiv 
Teklad 2018S Sterilizable Rodent 
diet.  
Mice were housed in the Yale 
Animal Resources Center (YARC) 
facilities under a standard 12-
hour light/12-hour dark cycle 
(typically lights on at 7:00 AM 
and off at 7:00 PM, or reversed 
depending on the room) to 
support circadian rhythms. 
Housing conditions were 
maintained at 65–75°F with 40–
60% humidity. 
 

https://pubmed.ncbi.nlm. 
nih.gov/19805914/ 

Smad4f/f JAX (Strain# 
017462) 

C57BL/6J M
&F 

https://www.jax.org/strain
/017462 

mTmG JAX (Strain# 
007676) 

C57BL/6J M
&F 

https://www.jax.org/strain
/007676# 

Cdh5 
CreERT2 

Dr. Ralf Adams, 
Max Planck 
Institute for 
Molecular 
Biomedicine, 
Münster, Germany 

C57BL/6J M&
F 

ttps://pubmed.ncbi.nlm. 
nih.gov/20445537/ 
Taconic Biosciences, 
Model #: 13073 

 

Mouse Models Used in This Study 
Strain Background Strain Sex Breeding scheme  

Alk1f/f Cdh5 CreERT2 

mTmG 

C57BL/6J M&F Generated with Alk1f/f, Cdh5 CreERT2,  mTmG 

F1 : Cdh5 CreERT2 X mTmG  
F2 : Alk1f/f X Cdh5 CreERT2 mTmG 
F3 : Alk1f/f Cdh5 CreERT2 mTmG  
 

Smad4f/f Cdh5 CreERT2 

mTmG 

C57BL/6J M&F Generated with Smad4f/f, Cdh5 CreERT2,  mTmG 

F1 : Cdh5 CreERT2 X mTmG  
F2 : Smad4f/f X Cdh5 CreERT2 mTmG 
F3 : Smad4f/f Cdh5 CreERT2 mTmG  
 

Alk1f/f Cdh5 CreERT2 C57BL/6J M&F Generated with Alk1f/f, Cdh5 CreERT2 

F1 : Alk1f/f X Cdh5 CreERT2 
F2 : Alk1f/f Cdh5 CreERT2 
 

Smad4f/f Cdh5 CreERT2 C57BL/6J M&F Generated with Smad4f/f, Cdh5 CreERT2 

F1 : Smad4f/f X Cdh5 CreERT2  
F2 : Smad4f/f Cdh5 CreERT2 
 

Cdh5 CreERT2 mTmG C57BL/6J M&F Generated with Cdh5 CreERT2,  mTmG 

F1 : Cdh5 CreERT2 X mTmG  
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Antibodies 

 
Target 
antige

n 

Vendor 
or 

Source 

Catalo
g # 

Working 
concent
ration 

Persistent ID / URL 

In vitro IF 

VEcad
herin 

R&D 
Systems 

AF938 1:1000 https://www.rndsystems.com/products/human-ve-cadherin-antibody_af938 

GM13
0 

BD 
Bioscien

ce 

610822 1:500 https://www.bdbiosciences.com/en-de/products/reagents/microscopy-imaging-
reagents/immunofluorescence-reagents/purified-mouse-anti-
gm130.610822?tab=product_details 

pSMA
D159 

Cell 
Signalin

g 
 

13820S 1:500 https://www.cellsignal.com/products/primary-antibodies/phospho-smad1-ser463-
465-smad5-ser463-465-smad9-ser465-467-d5b10-rabbit-monoclonal-
antibody/13820?srsltid=AfmBOoo5FnI_TsfF7sJLPxdwfZukovTt954A_MldzwSKdSj-
a84KTiy9 

pSMA
D23 

Proteint
ech 

80427-
2-RR 

1:500 https://www.ptglab.com/products/Phospho-SMAD2-Ser465-467-Antibody-80427-2-
RR.htm 

KLF4 Sigma 
Aldrich 

HOA00
2926 

1:500 https://www.sigmaaldrich.com/DE/en/product/sigma/hpa002926?srsltid=AfmBOorL5
1iyJLpnhSoihzJTP1bfVGlzBwqt0PIL98Ik519kZfO_ORol 

anti-
goat 
IgG 
568 

Thermo
fisher 

A1105
7 

1:400 https://www.thermofisher.com/antibody/product/Donkey-anti-Goat-IgG-H-L-Cross-
Adsorbed-Secondary-Antibody-Polyclonal/A-11057 

anti-
mouse 
IgG 
488 

Thermo
fisher 

A2120
2 

1:400 https://www.thermofisher.com/antibody/product/Donkey-anti-Mouse-IgG-H-L-Highly-
Cross-Adsorbed-Secondary-Antibody-Polyclonal/A-21202 

anti-
rabbit 

IgG 
647 

Thermo
fisher 

A3157
3 

1:400 https://www.thermofisher.com/antibody/product/Donkey-anti-Rabbit-IgG-H-L-Highly-
Cross-Adsorbed-Secondary-Antibody-Polyclonal/A-31573 

In vivo IF 

Isolecti
n B4 

Thermo
fisher 

132450 1:400 https://www.thermofisher.com/order/catalog/product/de/en/I32450 

GFP 
polycl
onal 

antibo
dy 

Alexa 
Fluor 
488 

Thermo
fisher 

A-
21311 

1:1000 https://www.thermofisher.com/antibody/product/GFP-Antibody-Polyclonal/A-21311 

CD31 BD 
Bioscien

ce 

553370 1:200 https://www.bdbiosciences.com/en-dk/products/reagents/microscopy-imaging-
reagents/immunohistochemistry-reagents/purified-rat-anti-mouse-
cd31.553370?tab=product_details 

Col IV Bio-Rad 2150-
1470 

1:400  

Anti-
rat 

Alexa 
Fluor 
488 

Thermo
fisher 

A2120
8 

1:500 https://www.thermofisher.com/antibody/product/Donkey-anti-Rat-IgG-H-L-Highly-
Cross-Adsorbed-Secondary-Antibody-Polyclonal/A-21208 

Anti-
rabbit 
Alexa 
Fluor 
568 

Donkey, 
Thermo
fisher 

A1004
2 

1:500 https://www.thermofisher.com/antibody/product/Donkey-anti-Rabbit-IgG-H-L-Highly-
Cross-Adsorbed-Secondary-Antibody-Polyclonal/A10042 
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WB 

SMAD
4 

Cell 
Signalin

g 

38454S 1:1000 https://www.cellsignal.com/products/primary-antibodies/smad4-d3m6u-rabbit-
monoclonal-antibody/38454?site-search-
type=Products&N=4294956287&Ntt=38454t&fromPage=plp&_requestid=186987 

ALK1 Biosynt
h 

70R-
49334 

1:500 https://www.biosynth.com/p/70R-49334/alk1-antibody 

GAPD
H 

Cell 
Signalin

g 

971669 1:1000 https://www.cellsignal.com/products/primary-antibodies/gapdh-d4c6r-mouse-
mab/97166 

ECL 
anti-

mouse 
IgG 
HRP 

GE 
Heatlhc

are 

NA931
V 

1:5000 https://www.cytivalifesciences.com/en/us/shop/protein-analysis/blotting-and-
detection/blotting-standards-and-reagents/amersham-ecl-hrp-conjugated-antibodies-
p-06260 

anti-
rabbit 

IgG 
HRP 

Cell 
Signalin

g 

7074S 1:5000 https://www.cellsignal.de/products/secondary-antibodies/anti-rabbit-igg-hrp-linked-
antibody/7074 

 

 

Cultured Cells 

Name Vendor or Source Sex (F, M, or unknown) Persistent ID / URL 

HUVECs Promocell Mixed donor (M+F) Cat.No. C-12203 

 

 

Data & Code Availability 

Description Source / Repository Persistent ID / URL 

Raw RNAseq reads GEO database GSE282952 

Python scripts Github https://github.com/gerhardt-lab/ 

 

 

Analysis and statistics files 

Description Persistent ID / 
URL 

GO_BP: biological proccess for siSMAD4/vs_siALK1 in static, 4h and 16h if flow exposure 
Tha analysis was filtered out GO terms that had an AUC below 0.65, and padj values 
above 0.05 

Data Set 1.xlsx 

DEG tables filtered through Log2FC of either above 0.5 or below -0.5, and padj of 0.05 Data Set 2.xlsx 

Statistical outputs for Fig. S1.1 01_statistics.xlsx 

Statistical outputs for Fig. 2 02_statistics.xlsx 

Statistical outputs for Fig. 3 03_statistics.xlsx 

Statistical outputs for Fig. 4 04_statistics.xlsx 

Statistical outputs for Fig. 5 05_statistics.xlsx 

Statistical outputs for Fig. 6 06_statistics.xlsx 
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ARRIVE GUIDELINES 

The ARRIVE guidelines (https://arriveguidelines.org/) are a checklist of recommendations to improve the reporting of 

research involving animals. Key elements of the study design should be included below to better enable readers to 

scrutinize the research adequately, evaluate its methodological rigor, and reproduce the methods or findings. 

Study Design 

Groups Sex Age Number (prior 
to experiment) 

Number (after 
termination) 

Littermates 
(Yes/No) 

Other description 

Figure 5 

Alk1f/f Cdh5 
CreERT2 mTmG 

Neonatal 
mice of 

both 
sexes 
were 

included 
without 

distinction 
 

 
 
 
P8 

5 5 No 

Two retinas from each 
pup were used for 

analysis. 
 

Smad4f/f Cdh5 
CreERT2 mTmG 

P8 4 4 No 

Cdh5 CreERT2 

mTmG 
P8 4 4 No 

Alk1f/f Cdh5 
CreERT2 mTmG 

P15 3 3 No 

Smad4f/f Cdh5 
CreERT2 mTmG 

P15 7 7 No 

Cdh5 CreERT2 

mTmG 
P15 4 4 No 

Figure 6 

Alk1f/f 

 

Neonatal 
mice of 

both 
sexes 
were 

included 
without 

distinction 

P5 4 4 Yes 

Both retinas from each 
pup were used for 
analysis ; however, 

some were not used 
due to insufficient 
quality for reliable 

quantification 

Alk1f/f Cdh5 
CreERT2 

 

P5 4 4 Yes 

Smad4f/f  

 
P5 5 5 Yes 

Smad4f/f Cdh5 
CreERT2 

 

P5 5 5 Yes 

Alk1f/f 

 
P6 4 4 Yes 

Alk1f/f Cdh5 
CreERT2 

 

P6 4 4 Yes 

Smad4f/f  

 
P6 3 3 Yes 

Smad4f/f Cdh5 
CreERT2 

 

P6 5 5 Yes 

 

 

 

https://arriveguidelines.org/
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Study Design:  

Species, age, sex, strain, and sources of animals are described: 

Yes 

Sample Size:  

Exact number of experimental units allocated to each group, the total number in each experiment, the total number of 

animals used described:  

Yes 

Inclusion/exclusion Criteria  

For mosaic experiments several obtained images were not used for analysis due to insufficient quality for reliable 

quantification.  

Randomization 

Pups of several litters were obtained for each group. 

Statistical Methods: details of the statistical methods used for each analysis, including software used are described: 

Yes 
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