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• Group 1 – Primarily driven by autopod defects.
• Group 2 – Primarily unspecified skeletal defects.
• Group 3 – Primarily driven by axial defects.
• Group 4 – Primarily driven by vertebral and thoracic and other.
• Group 5 – Broad regional effects dominated by neurocranial.
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1. Introduction

A Detailed Review Paper of the OECD Test Guidelines Programme
(Project 4.97) is supporting recommendations regarding assay
development to determine retinoid system toxicants. Here a predictive
analysis of the retinoid signaling effects on skeletal development is
provided.

• ATRA (all-trans retinoic acid) signaling is required for patterning the
early body plan. Locally-regulated ATRA morphogen gradients are
important during the initial specification of the body plan
(gastrulation) and mesoderm. The retinoid system can be disrupted
by genetic or environmental factors, leading to dysmorphogenesis
[1, 2, 3]

• An Adverse Outcome Pathway (AOP) framework models how we
think chemical disruption of retinoid signaling invokes altered
skeletal development. AOPs inform integrated regulatory test
method development for predicting developmental defects [1]

4. Annotation of k-clusters

3. Multi-database & Mapping HTS Data Analyses 6. Potential AOPs for ATRA-Skeletal Defects

5. Tox-Pi Results

47 Chemicals: 
Allethrin, Aspirin, All-trans-retinoic acid (ATRA), 

Bentazone, Bronopol, Buprofezin, Chlorothalonil, 
Clodinafop-propargyl, Cyfluthrin, Deltamethrin, 

Difenoconazole, Diniconazole, Emamectin benzoate, 
Endosulfan, Endrin, Etoxazole, Fenpyroximate (Z,E), 
Fipronil, Fluoxastrobin, Flusilazole, Forchlorfenuron, 

Imazalil, Iprodione, Lindane, Linuron, Myclobutanil, N,N-
Dimethylformamide, N-Phenyl-1,4-benzenediamine, 

Oryzalin, Oxadiazon, Propargite, Propiconazole, 
Pyraclostrobin, Pyridaben, Pyrimethamine, Retinol, S-

Bioallethrin, Tetraconazole, Thiazopyr, Thiram, 
Triadimefon, Tributyltetradecylphosphonium chloride, 

Trichlorfon, Triflumizole, Triphenyltin hydroxide, 
Triticonazole, Zinc pyrithione

7. Summary and Conclusions
2. Multi-Database Workflow • Developed curated list of 25 chemicals from 4 databases with 

potential correlation between skeletal defects and retinoid 
pathway disruption.

• Classification for skeletal phenotypes in 375 chemicals in 
ToxCast/ToxRefDB (Thoracic cage defects dominant).

• Preliminary findings are consistent with potential for chemical 
disruption of axial patterning through the retinoid system.

• Will further analyze in vitro and in vivo experimentation 
databases to connect ATRA-related MIEs to skeletal AOs.
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