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SUPPLEMENTAL MATERIAL 
 

 
Online Figure I Low shear induced TWIST1 and GATA4 in cultured PAEC. 
PAEC were exposed to orbital flow to generate low (Centre) or high (Periphery) wall shear 
stress (WSS). After 72 h, transcript levels were quantified by qRT-PCR and mean values +/- 
SEM are shown.  
 
 
  

 ***



 

Online Figure II Validation of TWIST1 and GATA4 gene silencing. 
Silencing of TWIST1 or GATA4 was performed using two different siRNAs for each gene 
(designated i and ii). HUVEC were treated with siRNA targeting GATA4 or TWIST1, or with 
scrambled non-targeting siRNA as a control. After knockdown, cells were then cultured in 6 
well plates prior to the application of orbital flow for 72 h. (A) Transcript levels of TWIST1 
(left) or GATA4 (right) in cells at the centre of the well (low WSS) were quantified by qRT-
PCR. Data were pooled from 3 independent experiments and mean levels +/- SEM are 
shown. (B) Expression of TWIST1 and GATA4 protein at the centre of the well (low WSS) 
was determined by Western blotting using anti-Calnexin antibodies to control for total protein 
levels. 
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Online Figure III Validation of genetic targeting of TWIST1 and GATA4 in 
endothelial cells of transgenic mice. 
(A) TWIST1 floxed mice (TWIST1flox/flox) were crossed with Tie2-Cre transgenics (generating 
TWIST1cKO). (B) GATA4flox/flox mice were crossed with endothelial-SCL-Cre-ERT transgenics 
followed by 5 days of tamoxifen treatment (generating GATA4cKO). (A, B) To validate genetic 
deletion of TWIST1 and GATA4 from EC in the descending aorta en face staining was 
performed using anti-TWIST1 or anti-GATA4 antibodies (red). Co-staining was carried out 
using anti-CD31 antibodies (green) and the nuclear counter stain TOPRO3 (blue). 
Representative images are shown. Scale bar 10 μm.  



Online Figure IV Low shear stress induced Notch1 in experimental carotid 
arteries.  
Flow-altering, constrictive cuffs were placed on the right carotid arteries of C57BL/6 mice.
They generated anatomically distinct regions exposed to low, high and low oscillatory wall 
shear stress (WSS; as indicated). Right (experimental) and left (sham-operated) carotid 
arteries were harvested after 14 days and en face staining was performed using anti-Notch1 
antibodies (red), anti-CD31 antibodies conjugated to FITC (green) and the nuclear counter 
stain TO-PRO-3 (blue). Representative images and quantitation of Notch1 expression (mean 
+/- SEM) are shown. Scale bar, 10 μm. Data were pooled from five-six independent 
experiments. *p<0.05 using  a one-way ANOVA. 
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Online Figure V Low shear stress induced TWIST1 in fully differentiated EC in vivo.  
Transgenic SCL-Cre-ERT/R26RtdTomato mice were used to track endothelial cells. The 
administration of tamoxifen induces nuclear localization of Cre, which subsequently excises a floxed 
STOP signal from the tdTomato promoter thus inducing tdTomato expression. (A) To validate the 
system, SCL-Cre-ERT/R26RtdTomato mice were treated with tamoxifen for 5 consecutive days or 
with vehicle as a control. After a further 7 days, carotid arteries were harvested and en face staining 
was performed using anti-CD31 antibodies (green), and the nuclear counter stain TOPRO3 (blue). 
TdTomato was expressed in the majority of EC in mice treated with tamoxifen but not in vehicle-
treated mice. (B) SCL-Cre-ERT/R26RtdTomato mice were treated with tamoxifen for 5 consecutive 
days. One week later, flow-altering constrictive cuffs were placed on the right carotid arteries to 
generate regions exposed to low, high and low oscillatory wall shear stress (WSS; as indicated). Right 
(experimental) and left (sham-operated) carotid arteries were harvested after 14 days and en face 
staining was performed using anti-TWIST1 or anti-GATA4 antibodies (green), and the nuclear counter 
stain TO-PRO-3 (blue). Representative images and quantitation of TWIST1 or GATA4 expression 
(mean +/- SEM) are shown. Scale bars, 10 μm. *p<0.05 using a one-way ANOVA. 
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Online Figure VI twist1 regulated sub-intestinal vein sprouting in embryos. (A) In 
situ hybridisation analysis of twist1a, twist1b or twist2 expression in embryos at 52 or 75 hpf. 
Scale bar, 100 μm. SIV region is indicated using a broken line. Data shown are 
representative of the majority of embryos analysed (proportion indicated lower right in each 
panel). (B) Embryos (Tg(fli1:EGFP;gata1:dsRed)) were treated with twist1b mRNA (to 
enforce expression) or with mCherry mRNA as a control. They were studied at 75 hpf (flow 
was established as evidenced by gata1-positive red blood cells). Confocal microscopy was 
used to visualise angiogenic sprouts (arrows). The number of angiogenic sprouts was 
quantified for multiple embryos and mean values +/- SEM are shown. Representative 
images are shown. Scale bar, 500 μm. *** p<0.001 using an unpaired t-test. 



 

Online Figure VII TWIST1 and GATA4 promoted proliferation in EC exposed to low 
shear stress using a parallel plate system.  
HUVEC were treated with two different siRNAs targeting TWIST1 or GATA4 (designated i 
and ii), or with scrambled non-targeting siRNA. Transfected cells were exposed to low or 
high WSS for 72 h using a parallel plate system. Cell proliferation was quantified by 
immunofluorescent staining using anti-PCNA antibodies and co-staining using DAPI. Images 
are representative of those generated in three independent experiments using one version 
of the gene-specific siRNA or scrambled control sequences. The % PCNA-positive cells 
were calculated for multiple fields of view in at least three independent experiments and 
mean values +/- SEM are shown. Scale bar, 50 μm. 
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Online Figure VIII TWIST1 and GATA4 induced inflammatory genes in EC exposed to low 
shear stress.  
(A) HUVEC were cultured in 6 well plates prior to exposure to orbital flow to generate low (Centre) or 
high (Periphery) wall shear stress for 72 h. The expression of VCAM-1 and ICAM-1 was quantified 
using qRT-PCR. (B) HUVEC were treated with two different siRNAs targeting TWIST1 or GATA4 
(designated i and ii), or with scrambled non-targeting siRNA. Transfected cells were exposed to low 
WSS (centre). The expression of VCAM-1 and ICAM-1 was quantified using qRT-PCR. The 
expression level in cells transfected with gene-targeting siRNA is presented relative to the expression 
in cells transfected with scrambled control siRNA (normalised to 1; dotted line). Data were pooled 
from three independent experiments and mean values +/- SEM are shown. * p<0.05, *** p<0.001 
using an unpaired t-test. (C) The influence of TWIST1 on ICAM-1 expression in EC at low 
(susceptible) or high (protected) WSS regions of the aorta was studied by en face staining using 
TWIST1cKO or TWIST1flox/flox mice. Staining was performed using anti-ICAM-1 antibodies (red), anti-
CD31 antibodies (green) and the nuclear counter stain TO-PRO-3 (blue). Mean fluorescence values 
were calculated from multiple cells in 5 independent experiments and mean values +/- SEM are 
shown. Scale bar, 10 μm. 
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Online Figure IX TWIST1 and GATA4 did not regulate the expression of 
mechanoreceptors in EC exposed to shear stress.  
(A) HUVEC were cultured in 6 well plates prior to exposure to orbital flow to generate low 
(Centre) or high (Periphery) wall shear stress for 72 h. The expression of Piezo, CD31 and 
VEGFR2 was quantified using qRT-PCR. (B) HUVEC were treated with two different siRNAs 
targeting TWIST1 or GATA4 (designated i and ii), or with scrambled non-targeting siRNA. 
Transfected cells were exposed to low WSS (centre). The expression of Piezo, CD31 and 
VEGFR2 was quantified using qRT-PCR. The expression level in cells transfected with 
gene-targeting siRNA is presented relative to the expression in cells transfected with 
scrambled control siRNA (normalised to 1; dotted line). Data were pooled from three 
independent experiments and mean values +/- SEM are shown. Data were not significant 
using an unpaired t-test. 
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Legends for Online Videos 
 
Online Video I: Intersegmental vessel (ISV) sprouting in control embryos 
Online Video II: Enhanced ISV sprouting in twist1b overexpressing embryos 
 
Zebrafish embryos (wild-type, Tg(fli1-EGFP) were treated with twist1b mRNA or mCherry 
mRNA (control) and studied at 24-27 hpf, a time where flow is established in trunk 
vasculature. The migration during ISV sprouting was promoted in embryos overexpressing 
twist1b (Online Video II) in comparison to mCherry mRNA injected control embryos (Online 
Video I). The movies were taken for the equal duration of 4 hours. 


