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SUPPLEMENTARY FIGURE 1: DECISION TREE SHOWING THE STUDY PROCEDURE 

The possible ATP-dependent effector mechanisms to simulate in silico PFKFB3 inhibition 

were subjected to multiple test scenarios and discarded if they did not match the 

experimentally obtained in vitro and in vivo phenotype(s) (light blue boxes). The MSM-ATP 

was optimized through multiple rounds of experimental validation (comparison of EC 
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behaviour and phenotypic traits in the MSM-ATP with EC spheroid competition data and 

filopodia formation, while ensuring normal EC dynamics in the simulated PFKFB3 

inhibition mechanisms). This optimized MSM-ATP was then used to predict the behaviour 

of PFKFB3-inhibited cells in previously untested conditions (DAPT treatment; beige box) 

which were then experimentally verified (orange box) and to predict whether modifying 

those residual effector mechanisms that were selected to explain best the PFKFB3 

inhibition phenotype, could normalize the perturbed EC dynamics in pathologically high 

VEGF conditions (green box). This ultimately led to one effector mechanism that is the 

most representative for the PFKFB3 inhibition phenotype, allowing us to acquire insights in 

the role of PFKFB3-driven glycolytic ATP production in EC rearrangement. Finally, we 

confirmed that blockade of PFKFB3, alone or together with VEGFR2 inhibition, normalizes 

vessel sprouting in vivo. 



 

SUPPLEMENTARY FIGURE 2: ADHESION AND CORTICAL PROTRUSIONS IN DAPT AND VE-

CADHERIN EXPRESSION 

a. Analysis of EC adhesive strength of isWT cells in an isWT:isWT sprout (first bar) and of 

isPFKFB3KD-COR and isPFKFB3KD-ADH cells in a 1:1 isPFKFB3KD:isWT mosaic sprout 

treated with DAPT. Varying EADH, but not ECOR, increased the fraction of isPFKFB3KD cells 

that were classified as strongly adhesive, less motile cells (resulting in more heterogeneity 

in adhesion between sprout cells). Data are mean ± SEM; n=10; NS: not significant, 

***p<0.001 versus total number of strongly adhesive cells in an isWT:isWT sprout; NS: not 

significant, #p<0.001: frequency of strongly adhesive isPFKFB3KD mutants versus the 

expected frequency (50%); Student’s t-test. b. Formation of cortical protrusions by isWT 

cells in a isWT:isWT sprout (first bar) and by isPFKFB3KD-FIL, isPFKFB3KD-FIL/COR, 

isPFKFB3KD-FIL/ADH and isPFKFB3KD-ALL cells in a 1:1 isPFKFB3KD:isWT mosaic sprout 

treated with DAPT. Data are mean ± SEM; n=4; NS: not significant, *p<0.05, **p<0.01 

versus total number of cortical protrusions in an isWT:isWT sprout; NS: not significant, 

#p<0.05, ##p<0.01: relative number of cortical protrusions of isPFKFB3KD mutants versus 

the expected frequency in isWT cells (50%); Student’s t-test. c. VE-cadherin mRNA 

expression levels for control and PFKFB3KD ECs. Data are mean ± SEM; n=3; NS: not 

significant; Student’s t-test.  



 

SUPPLEMENTARY FIGURE 3: THE BEHAVIOUR OF ISWT SPROUTS IN PATHOLOGICAL 

CONDITIONS 

a. An ideal salt and pepper (S&P) pattern containing three active ECs (pink) surrounded 

by inhibited (blue) ECs. b,c. High VEGF levels induce signalling oscillations leading to 

synchronously inhibited (b) and activated (c) ECs. d-g. Number of overtakes (d), the 

average (e) and maximal time (f) during which a salt and pepper (S&P) pattern is 

maintained, and the time required to acquire a stable S&P pattern (g) for in silico WT 

(isWT) ECs, exposed to normal VEGF (nVEGF) levels (white) or VEGF levels that were 

elevated by 2- or 10-fold (2x nVEGF (grey) and 10x nVEGF (black) respectively) in non-

mosaic sprouts. ts: timestep. Data are mean ± SEM; n=50; ***p<0.001 versus isWT in 



nVEGF; NS: not significant, ###p<0.001 between 2x and 10x nVEGF; Student’s t-test. h-j. 

Kymograph plots showing the movement of the ECs in isWT sprouts in different VEGF 

levels in function of the simulation time. Panels h, i and j represent an isWT sprout in 

nVEGF, 2x or 10x nVEGF levels, respectively. Each coloured line represents a different 

EC, the y-position denotes the relative position of the cell in the sprout. The higher the 

VEGF level, the fewer overtakes occur, observable as intersections between lines. k. The 

likelihood that the 6 cells, initially positioned at the sprout’s rear end, reach and 

(temporarily) remain at the front of the sprout is dependent on the VEGF levels (white, 

grey and black bars denote normal (nVEGF), 2x and 10x nVEGF levels, respectively). 

Plotted is the summed average time these 6 cells spend at the tip of an in silico sprout of 

10 isWT cells. Data are mean ± SEM; n=50; ***p<0.001; Student’s t-test. 



 

SUPPLEMENTARY FIGURE 4: EC DYNAMICS ARE COMPLETELY NORMALIZED IN 1.44-FOLD 

ELEVATED VEGF LEVELS 

a-d. Number of overtakes (a), the average (b) and maximal time (c) during which a salt 

and pepper (S&P) pattern is maintained, and the time required to acquire a stable S&P-

pattern (d) for in silico WT (isWT) ECs in normal VEGF (nVEGF) (white) or 1.44-fold 

increased VEGF (1.44x nVEGF - light grey) levels, and for ECs in which PFKFB3 was 

pharmacologically blocked (isPFKFB3PI) simulated by modifying EFIL (blue), EFIL/COR (red) 

and EFIL/ADH (green) in 1.44x nVEGF. The horizontal red and blue dotted lines show the 

particular values of an isWT sprout in normal and 1.44x VEGF levels respectively. ts: 

timestep. Data are mean ± SEM; n=50; ***p<0.001 versus isWT in 1.44x nVEGF; 



Student’s t-test. e. Likelihood that the 6 cells, initially positioned at the sprout’s rear end, 

reach and (temporarily) remain at the front of a sprout of 10 in silico pharmacologically 

blocked PFKFB3 (isPFKFB3PI) cells, modelled by varying EFIL (blue), EFIL/COR (red) or 

EFIL/ADH (green) in 1.44-fold elevated VEGF (1.44x nVEGF) levels. Similarly, the white and 

light grey bar represent a simulated isWT sprout in normal VEGF (nVEGF) and 1.44x 

nVEGF levels, respectively. Plotted is the summed average time these 6 rear cells spend 

at the tip. The horizontal red and blue dotted lines show the particular values of an isWT 

sprout in normal and 1.44x VEGF levels respectively. Data are mean ± SEM; n=50; 

***p<0.001 versus isWT in 1.44x nVEGF; Student’s t-test. 



 

SUPPLEMENTARY FIGURE 5: EC SHUFFLING IN 2X VEGF LEVELS AND ISPFKFB3KD-COR 

CELL MIGRATION 

a. Likelihood that the 6 cells, initially positioned at the sprout’s rear end, reach and 

(temporarily) remain at the front of a sprout of 10 in silico pharmacologically blocked 

PFKFB3 (isPFKFB3PI) cells, modelled by varying EFIL (blue), EFIL/COR (red) or EFIL/ADH 

(green) in 2x VEGF levels (2x nVEGF). Similarly, the white and grey bars represent a 

simulated isWT sprout in normal VEGF (nVEGF) and 2x nVEGF levels, respectively. 

Plotted is the summed average time these 6 rear cells spend at the tip. The horizontal red 

and blue dotted lines show the particular values of an isWT sprout in normal and 2x VEGF 

levels respectively. Data are mean ± SEM; n=50; **p<0.01, ***p<0.001 versus isWT in 2x 

nVEGF (grey); Student’s t-test. b. Analysis of EC migration in non-mosaic sprouts of isWT 

ECs or isPFKFB3KD-COR ECs in normal VEGF levels (nVEGF), showing that reducing 

cortical actin-based junctional protrusions (ECOR) results in reduced cell motility. Plotted is 

the distance a cell migrates, when this cell is positioned at the rear of the sprout (1) or 

progressively up to the front of the sprout (10) at the beginning of the simulation. Data are 

mean ± SEM; n=50; ***p<0.001; Student’s t-test.  



 

SUPPLEMENTARY FIGURE 6: THE EFFECTOR MECHANISMS DO NOT NORMALIZE EC 

DYNAMICS IN 10X VEGF LEVELS 

a-d. Number of overtakes (a), the average (b) and maximal time (c) during which a salt 

and pepper (S&P) pattern is maintained, and the time required to acquire a stable S&P 

pattern (d) for in silico WT (isWT) ECs in normal VEGF (nVEGF) (white) or 10-fold 

increased VEGF (10x nVEGF - black) levels, and for ECs in which PFKFB3 was 

pharmacologically blocked (isPFKFB3PI) simulated by modifying EFIL (blue), EFIL/COR (red) 

and EFIL/ADH (green) in 10x nVEGF. The horizontal red and blue dotted lines show the 

particular values of an isWT sprout in normal and 10x VEGF levels respectively. ts: 

timestep. Data are mean ± SEM; n=50; NS: not significant, *p<0.05, **p<0.01 versus isWT 



in nVEGF; Student’s t-test. e. Likelihood that the 6 cells, initially positioned at the sprout’s 

rear end, reach and (temporarily) remain at the front of a sprout of 10 in silico 

pharmacologically blocked PFKFB3 (isPFKFB3PI) cells, modelled by varying EFIL (blue), 

EFIL/COR (red) or EFIL/ADH (green) in 10-fold elevated VEGF (10x nVEGF) levels. Similarly, 

the white and black bars represent a simulated isWT sprout in normal VEGF (nVEGF) and 

10x nVEGF levels, respectively. Plotted is the summed average time these 6 rear cells 

spend at the tip. The horizontal red and blue dotted lines show the particular values of an 

isWT sprout in normal and 10x VEGF levels respectively. Data are mean ± SEM; n=50; 

NS: not significant, *p<0.05, **p<0.01 versus isWT in 10x nVEGF; Student’s t-test. 



 

SUPPLEMENTARY FIGURE 7: ANTI-VEGFR2 TREATMENT ALONE AND IN COMBINATION 

WITH PFKFB3 BLOCKADE 

a. Likelihood that the 6 cells, initially positioned at the sprout’s rear end, reach and 

(temporarily) remain at the front of a sprout of 10 in silico pharmacologically blocked 

PFKFB3 (isPFKFB3PI) cells, modelled by varying EFIL/ADH, and treated with the tyrosine 

kinase inhibitor SU5416 (green) in 10-fold elevated VEGF (10x nVEGF) levels. Similarly, 

the white and black bars represent a simulated isWT sprout in normal VEGF (nVEGF) and 

10x nVEGF levels, respectively. Plotted is the summed average time these 6 rear cells 

spend at the tip. The horizontal red and blue dotted lines show the particular values of an 

isWT sprout in normal and 10x VEGF levels respectively. Data are mean ± SEM; n=50; 

*p<0.05, ***p<0.001 versus isWT in nVEGF; Student’s t-test. b-e. Number of overtakes (b), 

the average (c) and maximal time (d) during which a salt and pepper (S&P) pattern is 

maintained, and the time required to acquire a stable S&P pattern (e) for in silico WT 

(isWT) ECs in normal VEGF (nVEGF) (white) or 10-fold increased VEGF (10x nVEGF - 

black) levels, and for ECs treated with the tyrosine kinase inhibitor SU5416 in 10x nVEGF 

(orange). ts: timestep. Data are mean ± SEM; n=50; ***p<0.001 versus isWT in nVEGF, 

the statistical significance between the black and orange bars is also indicated (*p<0.05, 



***p<0.001); Student’s t-test.  
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