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Retinoid system in ToxCast
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% Rat DevTox models constructed from ToxCast-I [Sipes et al. 2011] and ToxCast-
Il 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)).

Y 89 chemicals tested (4.8%) registered an AC50 < 2 uM in one or more of the
11 ToxCast assays interrogating the retinoid system.
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Dieldrin: weak activation of the retinoid system
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Simulation of RA fields: virtual dysmorphogenesis
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Thinking about AOPs ...

Biochemical

Dieldrin ( 0.368 )

ToxCast integrated and tissue dynamics AOP-based
bioactivity coordinated cell in computer hazard prediction
signature signaling simulation model

10/24/2016 5



Cleft Palate: chemotype-bioactivity clusters for 63 chemicals

Fluconazole Triadimefon Paclobutazole Monobutyl phthalate Propiconazole Flusilazole Cyproconazole
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Baker et al. (unpublished)




Computer simulation: medial edge fusion
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Cell Agent-Based Model for Fusion
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ABM for Fusion
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Hacking the Control Network:

in silico knockouts = Cybermorphs

Shh

Fgf10--
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Molecular Cellular Tissue Outcome
TGF/EGF switch MEE dissolution shelf fusion cleft palate
J TGFB3/Smad

signals

Retinoic acid

TCDD J» confluence of
Hydrocortisone mesenchyme

Other

1 EGFR 1 proliferation
expression J{, apoptosis

Fusion Switch

TGFB3 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, ...).



TGF-EGF circuit dynamics:

modeling acute exposure to retinoic acid
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Steady—State Conc.

Steady—State Conc.
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tipping point >1.8x (n=24)
(reversible)

1. 1.2 1.4
EGFR Fold Change

tipping point ~1.5x (n=16)
(non-reversible)
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Toward a Virtual Embryo
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science in ACTION

INNOVATIVE RESEARCH FOR A SUSTAINABLE FUTURE

Sid Hunter — NHEERL / ISTD

Max Leung — NCCT (now U Pittsburgh)
Nicole Kleinstreuer ~ NCCT (now NIEHS/NTP) s e s redscon/ e 0
Nisha Sipes — NCCT (now NIEHS/NTP)

Richard Spencer — Leidos / EMVL

Nancy Baker — Leidos / NCCT

Tamara Tal = NHEERL / ISTD

Ed Carneyf — Dow Chemical Company

Tuula Heinonen — U Tampere / FICAM

Jessica Palmer — Stemina Biomarker Discovery
James Glazier — Indiana U / STAR

Shane Hutson — Vanderbilt U / STAR

Kate Saili— NCCT

Todd Zurlinden — NCCT

Richard Judson — NCCT

Imran Shah — NCCT

RS Thomas — Director, NCCT

Kevin Crofton — NCCT

John Cowden — NCCT/CSS National Center for Computational Toxicology
Tina Bahadori — CSS

Jill Franzosa - CSS




