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Introduction
• ATRA (all-trans 

retinoic acid) 
signaling is required 
for patterning 
skeletal development

• Retinoid system can 
be disrupted by 
genetic or 
environmental 
factors, leading to 
dysmorphogenesis 3

GOAL:
Develop data-driven models and Adverse 
Outcome (AOP) frameworks for chemical 
disruption of retinoid signaling on altered 
skeletal development

Adapted from Niederreither
and Dolle, 2008



Workflow
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Mapping 
HTS Data
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52 Chemicals
Allethrin Endosulfan N,N-

Dimethylformamide SAR 150640

all-trans-Retinoic acid Endrin
N-

Ethylperfluorooctane-
sulfonamide

S-Bioallethrin

Aspirin Etoxazole N-Phenyl-1,4-
benzenediamine SSR126768

Bentazone Fenpyroximate (Z,E) Oryzalin Tebufenpyrad

Bromuconazole Fipronil Oxadiazon Tetraconazole
Bronopol Fluoxastrobin Phorate Thiazopyr

Buprofezin Flusilazole Propargite Thiram

Chlorothalonil Forchlorfenuron Propiconazole Triadimefon

Clodinafop-propargyl Imazalil Pyraclostrobin Tributyltetradecylphos-
phonium chloride

Cyfluthrin Iprodione Pyridaben Triflumizole

Deltamethrin Lindane Pyrimethamine Triphenyltin 
hydroxide

Difenoconazole Linuron Raloxifene 
hydrochloride Triticonazole

Diniconazole Myclobutanil Retinol Zinc pyrithione 6



Chemically-associated RA Pathway Disruption and AOs

7Case examples

ATRA signaling:
postcranial axis



Chemical Landscape
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Phenotype Examined
Percent of Phenotypic 

Defects Associated 
with 52 Chemicals

appendicular_autopod 6%

appendicular_stylopod 1%

appendicular_zeugopod 2%

axial_cauda 3%

axial_thoracic cage 48%

axial_vertebra 14%

cranial_neurocranium 11%

cranial_orofacial 4%

cranial_viscerocranium 0%

other 11% 9



Potential AOPs for ATRA-Skeletal Defects

10



Summary and Conclusions
• NAMs employed to identify, organize, and summarize toxicological 

and mechanistic data for specific hazard domains 
• Established 52 chemicals from 3 databases as reference compounds 

for developmental skeletal defects and disruption of ATRA signaling
• Apparent chemical disruption of axial patterning through the 

retinoid system
• Continue to develop ATRA-related MIEs associated with skeletal AOs

• Initiating chemotyping to establish structural similarities between 
the 52 chemicals with comparable phenotypic effects
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