
Office of Research and Development 

Computational Embryology and  

Predictive Toxicology of Cleft Palate 

Nisha S. Sipes1, M. Shane Hutson2, Nancy C. Baker1, Thomas B. Knudsen1 

 
1US EPA, ORD, National Center for Computational Toxicology 
2Depts of Physics & Astronomy and Biological Sciences, Vanderbilt University 

53rd Teratology Society Annual Meeting 
June 25, 2013  Tucson, Arizona 
 

Platform Session 4: In Vitro, Computational, and Alternative Methods and Models for 

Screening Developmental Toxicants 

This work was reviewed by EPA and approved for presentation but does not necessarily reflect official Agency policy. 



The authors of this research have no financial or other interests 

which pose a conflict of interest. 

 

This research was funded by the United States Environmental 

Protection Agency, Office of Research and Development. 

 

Disclaimer: views are those of the presenter and do not 

necessarily reflect Agency policy nor imply endorsement of 

software used here. 

 

Disclosure 



3 

What is Cleft Palate (CP)? 
Disruption of secondary palate formation 

Affects 1/700 live births worldwide 

HJ Ray L Niswander 2012 Development 

  

Growth Reorientation Fusion 
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Mouse palatal development 
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What Do We Want to Know? 
Environmental influences leading to CP  

Mesenchymal 

Growth 
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Fusion 

chemicals 
cell and tissue 
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genes 

CP 

dose 

response stage other 

conditions 



A Systems Biology Framework 
Cleft Palate (CP) 

1. Biological data from public literature (e-libraries) 

2. High-throughput assay associations with CP 

3. Adverse Outcome Pathway (AOP) elucidation 

4. Multi-cellular/-scale computer simulation 
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1. e-library Development 
Literature Mining Using MeSH Annotations 
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> 20 million total articles 
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Nancy Baker, Lockheed-Martin  



1. e-library Development 
Literature Mining Using MeSH Annotations 
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1. e-library Development 
Literature Mining Using MeSH Annotations 
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Cleft Lip / Palate 

via computer languages and database software 

proteins/

genes 

chemicals 

effects/ 

diseases 

cell 

processes 

Nancy Baker, Lockheed-Martin  

> 20 million total articles 



1. e-library Development 
 

Cleft Lip/Palate Articles  
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>20,000 articles 

proteins 
1249 unique 

 

protein-protein 
5532 unique 

 

chemicals 
1009 unique 

 

481 unique – toxicity 

poisoning, adverse 

effects 

 

92 unique – 

cell processes 

Nancy Baker, Lockheed-Martin  



1. e-library Development 
 

CLP Chemicals and Cell Processes 
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Nancy Baker, Lockheed-Martin  



1. e-library Development 
 

CLP Chemicals and Cell Processes 
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Nancy Baker, Lockheed-Martin  



2. High throughput links to CP 
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CP 

teratogens 

ToxRefDB 

in vivo data 

ToxCastDB 

in vitro testing 

non-CP 

teratogens 

e-libraries 

+ 

> 700 assays 

Concentration response 
(31) 

(25) 



2. High throughput links to CP 

13 

≥ 3 CLP chemicals; Pearson’s correlation, Chi-squared, Student’s T-test (p≤0.05) 

Quantitative 

chemical-assay 

concentration 

response 

Statistical 

associations  

½ in e-libraries 

Assay Name Description 
APR_CellCycleArrest_72hr cell-cycle arrest 
BSK_CASM3C_Proliferation_down decreased proliferation 
BSK_CASM3C_SAA_up serum amyloid 
ATG_ERE_CIS estrogen receptor 
ATG_GR_TRANS glucocorticoid receptor 
ATG_RARa_TRANS retinoic acid receptor 
ATG_RARb_TRANS retinoic acid receptor 
ATG_RARg_TRANS retinoic acid receptor 
ATG_RXRa_TRANS retinoid x receptor 
ATG_RXRb_TRANS retinoid x receptor 
NVS_ADME_hCYP19A1 cytochrome p450 
NVS_ENZ_hCASP5 caspase 5 
NVS_ENZ_hElastase elastase 
NVS_ENZ_hFGFR1 fibroblast growth factor 
NVS_ENZ_hPTPN11 phosphatase 
NVS_ENZ_oCOX1 cyclooxygenase 
NVS_GPCR_bH1 histamine  GPCR 
NVS_GPCR_gH2 histamine  GPCR 
NVS_GPCR_gLTD4 leukotriene GPCR 
NVS_GPCR_hAdoRA1 adenosine GPCR 
NVS_GPCR_hAdoRA2a adenosine GPCR 
NVS_GPCR_rAdra1_NonSelective adrenergic GPCR 
NVS_GPCR_rAdra1A adrenergic GPCR 
NVS_GPCR_rAdra1B adrenergic GPCR 
NVS_GPCR_rAdra2_NonSelective adrenergic GPCR 
NVS_GPCR_rSST somatostatin GPCR 
NVS_OR_gSIGMA_NonSelective sigma receptor 
NVS_IC_rCaBTZCHL ion channel 
NVS_IC_rNaCh_site2 ion channel 
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3. Adverse Outcome Pathway (AOP) 
 

 conceptual and practical tool to capture  

multiscale descriptions of a toxicological process 

Ankley et al 2010 Environ Toxicol Chem 

Develop predicted target-to-outcome 

pathways of CP teratogens  
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3. Cleft Palate AOP Framework 
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3. ToxCast 

1. e-libraries 



Molecular 
Target pathways 

Ser/Thr Kinases 

cAMP, GSK3b, IKKa  

TGFb Signaling 
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Receptor TKs 
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3. Cleft Palate AOP Framework 
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3. Cleft Palate AOP Framework 

Integration of disrupted 

pathways to outcome 
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4. Multicellular Computer Simulation 

Shane Hutson, NCCT / Vanderbilt University 

TIME DOSE 

RESPONSE 

STAGE 

SPECIFICITY 

• Cell-level model 
 

 Simulation is driven by  

    biological networks and rules 

 

• Gene, protein, pathway 

incorporation 

• AOP visualization 
 

PREDICTIONS 
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4. Multicellular Computer Simulation 

Shane Hutson, NCCT / Vanderbilt University 

Normal Palatal Fusion 
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Growth 
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4. Multicellular Computer Simulation 

Shane Hutson, NCCT / Vanderbilt University 
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4. Multicellular Computer Simulation 

Shane Hutson, NCCT / Vanderbilt University 
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 Toxicity in the embryo is an expression of complex and 

interwoven events that follow from cellular perturbation 

 

 Systems biology framework can be used to integrate 

information 

 e-libraries publically available articles 

 ToxCast assays dose response 

 AOPs fill in sequence of events 

 in silico computational models predictive capability + time & dose 

 

 Systems-level models that recapitulate in vivo biology can 

be used to integrate information for making predictions 

about potential chemical hazards 

Summary 
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Thank you! 
http://www.epa.gov/ncct/ 
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