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* Automated HTS assays enable rapid screening to help ‘decode the toxicological
blueprint of active substances that interact with living systems’ [Sturla et al. 2014].

e Vast HTS data now in hand [https://comptox.epa.gov/dashboard], the need arises for
novel in silico models that can advance efforts toward predictive toxicology.

* Reducing a complex biological system to simpler assays for chemical profiling disrupts
the spatial and temporal dynamics that render a system complex in the first place.

* Toward predicting the potential for human toxicity with less reliance on vertebrate
animal testing, we need in silico models that can rebuild this complexity.


https://comptox.epa.gov/dashboard

Developmental Toxicity In vitro models

 Commonly evaluated by exposing pregnant rats and/or
rabbits during gestation of major organ systems.

e Alternative (non-animal) methods must deal with the
embryo and pregnancy as complex dynamical systems.
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SOURCE: https://embryology.med.unsw.edu.au/embryology



Anatomical homeostasis in a self-regulating ‘Virtual Embryo’

Step: 598

Spheres: 273
Cells: 21 '
Copyright (c) 2003-2007, Crowley Davis Research, Inc. All Rights Reserved.

SOURCE: Andersen, Newman and Otter
(2006) Am. Assoc. Artif. Intel.



Computational dynamics in a virtual embryo

Hypothesis: cellular agent-based models (ABMs) can translate biomolecular lesion(s)
into predictive models for developmental processes and toxicities.

Approach: build and test self-organizing morphogenetic fields in silico using an open-
source modeling environment [www.compucell3d.org].

Input: A.l. cast into mathematically-defined cells (agents), synthetic gene circuits, and
viscoelastic properties that can be perturbed with in silico or in vitro data.

Emergence: simulation expresses individual cellular behaviors that collectively result in a
morphogenetic series of events for the normal or perturbed system (cybermorphs).

Output: probabilistic rendering of where, when and how a developmental defect might
occur in response to defined lesions (genetic, environmental).
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http://www.compucell3d.org/
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Somite development
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Control Network
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Brain angiogenesis

Tata et al. (2015) Mechanism Devel
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Executing a simulated dose-response

Summary plots - Representative samples only
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Androgen virulization: closure rates @4000 MCS [ androgen supply
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Palate morphogenesis: structurally simple, genetically complex
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Hacking the control networ
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Cleft palate: multiple mechanisms inferred from ToxCast
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Mathematical model: EGE/TGF 83 bistable switch YA
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Messin’ with the switch: two scenarios for bistable dynamics
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Simulated dose-response Cell Type - E12.0

FR167356: EGFR signaling
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Read across: CompTox chemicals dashboard
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* FR 167356 developed as a selective inhibitor of osteoclast vacuolar H+-ATPase (V-ATPase)
e V-ATPase functions in a critical bone formation pathway and lytic bone disease (osteoporosis)

 No DevTox information available in open literature

* Chemotype neighbors Indomethacin and Diclofenac are NSAIDs that disrupt murine palatal fusion in vitro
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Computer modeling and simulation:

Computer modeling

reconstruct basic modules of embryogenesis in silico

e i
cell-by-cell and interaction-by-interaction; is 3R’s compliant!

execute tissue simulations that advance through critical determinants
of phenotype;

simulate in vitro data under various in vivo scenarios - dose or stage
response, critical pathways, non-chemical stressors, ...;

probabilistic rendering of where, when and how a defect might occur
under different exposure scenarios.
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