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Retinoid system in ToxCast

• Rat DevTox models constructed from ToxCast-I [Sipes et al. 2011] and ToxCast-
II models for male DevTox [Leung et al. 2016], cleft palate [Baker et al. in prep] 
and digital (paw) defects [Ahir et al. in prep]. 

• ToxCast data available for 11 assays in the retinoid system for 1858 chemicals; 
lack HTS data on key enzymes for RA formation (EC: 1.2.1.36, RALDH) and 
breakdown (EC: 1.14.-.-, CYP26, but have CYP1A1 (EC:1.14.14.1)).

• 89 chemicals tested (4.8%) registered an AC50 < 2 µM in one or more of the 
11 ToxCast assays interrogating the retinoid system.
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Dieldrin: weak activation of the retinoid system

https://comptox.epa.gov/dashboard/dsstoxdb/res
ults?utf8=%E2%9C%93&search=Dieldrin



Simulation of RA fields: virtual dysmorphogenesis
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Thinking about AOPs …
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Cleft Palate: chemotype-bioactivity clusters for 63 chemicals

6 Baker et al. (unpublished)



Hutson et al. (2016) submitted

Computer simulation: medial edge fusion

7

Sulik, UNC
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Cell Agent-Based Model for Fusion



ABM for Fusion
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Jin and Ding (2006) Development



Hacking the Control Network:

in silico knockouts  Cybermorphs

Fusion Switch

• TGFβ3 triggers apoptosis, epithelial-mesenchymal transition, 
and retraction to break down the midline seam.

• EGF has the opposite effect, maintaining epithelial 
proliferation and survival.

• ToxCast profiling for 63 cleft palate teratogens pointed to ~10 
bioactivity clusters (eg, retinoid, glucocorticoid, GPCR, …).
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tipping point ~1.5x (n=16)
(non-reversible)

tipping point >1.8x (n=24)
(reversible)

TGF-EGF circuit dynamics: 
modeling acute exposure to retinoic acid
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Toward a Virtual Embryo
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Special Thanks

http://www2.epa.gov/sites/production/files/2015-
08/documents/virtual_tissue_models_fact_sheet_final.pd
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