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• A cell-agent based model of brain angiogenesis that executed a complex network of

microglial-endothelial signaling was used to translate ToxCast in vitro data into a

quantitative simulation of neovascularization of the embryonic neuroepithelium.

• Using Mancozeb data as an in silico input, computational dynamics identified a

critical point (pLEL) predicting disruption of nascent BBB morphogenesis.

• This computational tool will inform hypothesis-driven testing and organ-specific

prediction of neurovascular developmental toxicity.

• Future efforts will expand this model to interactions with the neuroprogenitor niche.

Source-to-outcome framework

Neurovascular unit development: Morphogenesis of the blood-brain barrier (BBB) is

a complex process potentially disrupted by chemical exposure. Microglial-endothelial

interactions are hypothesized to play a role in early BBB patterning via

cytokine/chemokine signaling [1]. A cell-agent based model was built to simulate

vascularization of the embryonic neuroepithelium. Here, we use the model to translate

in vitro profiling data from ToxCast into a quantitative prediction of altered phenotype.

Control Network: To model the interactions between microglial cells and angiogenic

sprouts invading the embryonic neuroepithelium, we extracted key signals and cellular

interactions from a broader control network of BBB development [2].

Agent-Based-Model: Cellular rules were coded into Compucell3d (v. 3.7.5) with

Python scripting (v. 2.7). Angiogenesis Analyzer plugin of ImageJ [3] provided vascular

network quantitation. Endothelial stalk cell / tip cell phenotype selection was driven by

lateral signaling (delta-notch pathway); angiogenic sprouting was promoted by

VEGFR2 signaling via VEGF-A from neuroprogenitor cells (abstracted); and branching

morphogenesis was promoted by VEGFR3 signaling via VEGF-C from microglia.
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Translation

Above: Endothelial network

formation and biochemical fields

localized as extracellular (CSF,

VEGF-A, sVegfr1) and intracellular

(NICD) signals (blue  red scale).

Left: Simulation space for VEGFR2

and VEGFR3 response. Inhibiting

VEGFR3 activity decreased

branching while inhibiting VEGFR2

activity impaired microvascular

invasion.

Simulated results for cell network

features (left) and integrated

systems-level response (right). The

latter reflects the number of

junctions forming divided by total

integrated endothelial surface area

(normalized to baseline).

Molecular elements were linked to critical receptor targets through EPA’s ToxCast high

throughput screening dataset (INPUT) in order to translate bioactivity results into

quantitative prediction of an integrated systems-level response (OUTPUT).
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Stochastic interactions between multiple cell types (agents) are enabled by the control network

and biochemical gradients are implemented in stepwise time-series Monte-Carlo steps (MCS).

The visual readout predicts emergent behaviors not directly coded into the model in this case

neuroepithelial vascularization.
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