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Confocal microscopy image of humane endothelial cells (HUVEC) growing inside 
paper permeated with Matrigel. Cells form a hollow blood-vessel like structure. 

Purple: cellulose, red: F-actin, yellow: nucleus
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vascular endothelial cells chemotactically attract each other

Modeling the cells individually

intercellular adhesion
adhesion to matrix
cell shape
chemoattractant concentration
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Fig. 2. Overview of parameter sweeps. Typical cell patterns after 5000 MCS. Lattice
size 500 × 500, n = 1000 scattered within inner 333 × 333 subfield (e: n = 555).
Parameters were T = 50, λA = 50, A = 50, γcM = 17.5, s = 0.01, χ = 2000, α = 0.01,
ε = 0.05, D = 1, λL = 0 (e: λL = 1.0), unless indicated otherwise.

Also, as in the Gamba-Serini model, the size of the lacunae depends on the rate
of chemoattractant decay, as Fig. 2b shows.

In Figs. 2c-e, we systematically modify the Gamba-Serini model by chang-
ing the biophysical properties of the individual cells. First, we study the role
of intercellular adhesion. In our model, cell adhesion is essential. If we reduce
the adhesivity of the endothelial cells, a network no longer forms and the cells
aggregate into “islands” (Fig. 2c). Like the Gamba-Serini model, our model can

chemo decay
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Fig. 2. Overview of parameter sweeps. Typical cell patterns after 5000 MCS. Lattice
size 500 × 500, n = 1000 scattered within inner 333 × 333 subfield (e: n = 555).
Parameters were T = 50, λA = 50, A = 50, γcM = 17.5, s = 0.01, χ = 2000, α = 0.01,
ε = 0.05, D = 1, λL = 0 (e: λL = 1.0), unless indicated otherwise.

Also, as in the Gamba-Serini model, the size of the lacunae depends on the rate
of chemoattractant decay, as Fig. 2b shows.

In Figs. 2c-e, we systematically modify the Gamba-Serini model by chang-
ing the biophysical properties of the individual cells. First, we study the role
of intercellular adhesion. In our model, cell adhesion is essential. If we reduce
the adhesivity of the endothelial cells, a network no longer forms and the cells
aggregate into “islands” (Fig. 2c). Like the Gamba-Serini model, our model can

cell adhesion gamma(c,M)

saturation of chemotaxis
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Fig. 2. Overview of parameter sweeps. Typical cell patterns after 5000 MCS. Lattice
size 500 × 500, n = 1000 scattered within inner 333 × 333 subfield (e: n = 555).
Parameters were T = 50, λA = 50, A = 50, γcM = 17.5, s = 0.01, χ = 2000, α = 0.01,
ε = 0.05, D = 1, λL = 0 (e: λL = 1.0), unless indicated otherwise.

Also, as in the Gamba-Serini model, the size of the lacunae depends on the rate
of chemoattractant decay, as Fig. 2b shows.

In Figs. 2c-e, we systematically modify the Gamba-Serini model by chang-
ing the biophysical properties of the individual cells. First, we study the role
of intercellular adhesion. In our model, cell adhesion is essential. If we reduce
the adhesivity of the endothelial cells, a network no longer forms and the cells
aggregate into “islands” (Fig. 2c). Like the Gamba-Serini model, our model can

cell elongation
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Fig. 3. Dependence of lacuna size on model parameters, after 5000 Monte Carlo steps.
Parameters as in Fig. 2. Error bars indicate standard deviations (n = 5)

also form networks without cell adhesion, but these networks are unstable and
decay into an “island-like” pattern (results not shown).

Fig. 2d shows the effect of changes in s, the threshold for chemotaxis satu-
ration (sensitivity) (see eq. 4). Up to around s = 0.1 vessel-like patterns form,
while for larger values more amorphous patterns with larger clusters and few
lacunae form. The lacuna size becomes more variable for larger values of s (see
Fig. 3d).

In the in vitro culture experiments, the endothelial cells elongate during
vessel-like patterning. Although elongation is not necessary for vessel-like pat-
terning in our model, cell elongation is one of the first observable signs of vessel-
like patterning in HUVEC cultures. In Fig. 2e and Fig 3e we investigate the
effect of cell elongation on patterning at low cell densities (n = 555). Cell elon-
gation facilitates the interconnection of isolated parts of the pattern (see Fig. 3e).
For very large length constraints (L > 300) the cells fragment, after which the
vessel-like pattern no longer interconnects. At higher densities, when the pattern
already fully interconnects even for round cells, cell elongation has no effect on
lacuna size, but affects the shape of the lacunae (results not shown).

4 Discussion and Conclusions

Computational screening of the parameter dependence of patterning may help
to direct experiments to identify the key regulators of vascular development and
suggest new hypotheses. If chemotaxis drives vascular development, as in the
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