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Predicting Developmental Toxicity
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Computational Toxicology:
high-throughput screening (HTS)g g p g ( )

ToxCast: EPA research http://www.epa.gov/ncct/toxcast/
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Computational Toxicology:
high-throughput screening (HTS)g g p g ( )

ToxRef: EPA database http://www.epa.gov/ncct/toxrefdb/
30 years 2B$ animal guideline studies30 years, 2B$ animal guideline studies
~500 chemicals
public, searchable database
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1. e-library Development
Literature Mining Using MeSH Annotationsg g
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1. e-library Development

>20,000 Cleft Lip/Cleft Palate Articles

Query within Cleft Lip/Palate Articles using MeSH Dictionaries

Proteins: 1249 unique
Protein‐protein:  5532 unique
Cell processes: 92 uniqueCell processes:  92 unique
Chemicals:  1009 unique

•481 unique (toxicity poisoning, 
adverse effects)adverse effects)

Nancy Baker, Lockheed‐Martin  7



1. e-library Development
CLP Chemicals and Cell ProcessesCLP Chemicals and Cell Processes

Nancy Baker, Lockheed‐Martin  8



1. e-library Development
CLP Chemicals and Cell ProcessesCLP Chemicals and Cell Processes
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2. informatics.jax.org
cleft secondary palate [MP:0009890]  (231 genotypes, 351 annotations)

o ~111 genes

How do we link these 
targets to chemical 

toxicity?
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Multicellular Virtual-Tissue Models (VTMs)
Cell-level models driven by biological networks and rules

Palate Limb‐bud

Genital tubercle Blood Vessel
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Cell Agent‐Based Models (ABMs)
Palatal fusion

Mesenchymal cells

ECM

Epithelial cells

Periderm 
cells

C P hC++, Python 

www.CompuCell3D.org
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Computational Toxicology:
high-throughput screening (HTS)g g p g ( )

ToxRef: EPA database http://www.epa.gov/ncct/toxrefdb/
30 years 2B$ animal guideline studies30 years, 2B$ animal guideline studies
~500 chemicals
public, searchable database
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CASE EXAMPLE 1: VIRTUAL PALATE

B dU SHH FGF10/BMP2 BMP4~BrdU SHH      FGF10/BMP2    BMP4

~TUNEL FGF7        NOGGIN        TGFβ3

SOURCE: Hutson et al. (manuscript in preparation) 19



TGF3 EGF

TCDD: FLIPPING THE EGF/TGF3 SWITCH
TGF3 EGF

TGF3 EGF

Normal



TCDD

AhR

TCDD 
AhR Activation

SOURCE: Hutson et al. (manuscript in preparation)

EGF, ↓TGFb
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TGF3 EGF

TCDD: ESTIMATING TIPPING POINT


TGF3 Cleft

TCDD 
AhR Activation

Cleft 
palate

INCREASING DOSE

SOURCE: Hutson et al. (manuscript in preparation) 21



CASE EXAMPLE 2: LIMB DEVELOPMENT

cell field FGF8 FGF4 FGF10

SHH GREM‐1 BMP4 BMP7

SOURCE: Knudsen et al. (manuscript in preparation) 22
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‘What‐If?’ ‐ DISRUPTION OF CELL GROWTH – 5FU

Can read HTS data into the model …

control weak conc.

mESCmESC response *response *

moderate conc. strong conc.

… and predict impact on embryo.
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Biological Verification

• Normal development• Normal development

• Predicted outcomes

EPA STAR (Science to Achieve Results) 
Program: currently closed

In situ hybridization (mouse literature) vs ABM

g y

Organotypic Culture Models 
for Predictive Toxicology 
CenterCenter
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Potential Application to DNT

Thyroid disruption 
and 

neurodevelopment

26



EPA relevant DNT Assays

Network activity (T. Shafer)Neurite Outgrowth (B. Mundy)

Synaptogenesis (B. Mundy) Zebrafish (S. Padilla)
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Cranial Neural Crest Cell Migration

Example ToxCastExample ToxCast

g

N l t b l Possible ToxCastPossible ToxCastExample ToxCast 
chemical profiles
Example ToxCast 
chemical profiles

‐with chemical ranking out of 309

Neural tube closure

E t h l t iti

Possible ToxCast 
targets of disruption
Possible ToxCast 
targets of disruption

Chemical #10

Ecto-mesenchymal transition

•BMP, Microtubules

Chemical #10

Migration

•Ephrins, RAR, PTPN11, PAX, 
Microtubules

ToxPi
Chemical prioritization based on

Chemical #2
Homing, growth, & survival

Microtubules

•TGFb FGF TRK Microtubules

Chemical prioritization based on 
targets
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Chemical #1 Chemical #5

•TGFb, FGF, TRK, Microtubules

28



Moving Science Forward

o Executable Biology (13 April 2012): modeling how pathways and networks 
influence tissue patterning and homeostasis through the actions of 
individual cells.

o Morphogenesis (7 June 2013): biologically-driven assembly building human 
tissues and mini-organ microsystems from scratch – what the embryo 
knows best! 

o Mechanical Forces (12 October 2012): biophysical design principles in human-
hi i t k l lt d lon-a-chip microsystems make complex culture models more 

physiologically relevant.
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Some Benefits and Challenges
For Predictive Toxicology:

o high‐throughput hypothesis testing (mechanistic understanding)
o parameter sweeps to isolate key elements (sensitivity analysis) 
o pinpointing nascent events underlying ‘emergent’ biologyo pinpointing nascent events underlying  emergent  biology 
o surrogate for missing data or information (knowledge gaps)
o predicting impacts of cellular changes on system dynamics
o probing pathway interactions (convergence, cumulative)
o simulating different exposure scenarios (ADME)
o not a living entity (can only code rules as we understand them)o not a living entity (can only code rules as we understand them)
o finding sweet‐spot to enable, but not over‐specify performance
o how complex do these systems models need to be (reality check)
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VIRTUAL EMBRYO TEAM  www.epa.gov/ncct/v‐Embryo/

Predictive Signatures (ToxCast)
N Sipes, M Martin, R Judson, A Richard, K Houck (EPA‐NCCT)

W Mundy, T Shafer (EPA‐NHEERL)

CSS Task Management
R Kavlock (ORD), T Bahadori (NPD), 

R Thomas (NCCT), E Cohen‐Hubal (dNPD)
K Crofton J Tietge J Kenneke (MIs)

Vascular Development
N Kleinstreuer, J Franzosa (EPA‐NCCT)

S Padilla, T Tal, K Jensen, J Olin (EPA‐NHEERL)
M Hemmer K Nelson S Vickery P Harris (EPA‐GED)

K Crofton, J Tietge, J Kenneke (MIs)
T Knudsen and S Hunter (Task Leads)

Communications and Outreach
M Linnenbrink (CSS, NCCT) M Hemmer, K Nelson, S Vickery, P Harris (EPA GED)

M Bondesson, C McCollum (TIVS – U Houston)
S Clendenon, A Shirinifard (TIVS – Indiana U)

E Carney, R Ellis‐Hutchings, Raja Settivari (DOW)
T Heinonen, R Sarkanen (FICAM)

M Firestone (EPA ‐ OCHP)
S Darney (EPA – CEH roadmap)

mESC Differentiation
S Hunter, K Chandler,  M Rosen, W LeFew, H Nichols,
S Jeffay, M Hoopes, J Royland, A Tenant (EPA‐NHEERL)

R Cabrera, R Finnell (TIVS – U Texas)Knowledge Management Systems

Modeling Dysmorphogenesis
T Knudsen, W Setzer, M Leung, B Ahir (EPA‐NCCT)

R Dewoskin (EPA‐NCEA)

R Spencer, T Cathy, T Transue, M Brown (LHM‐EMVL)
N Baker (LHM)

Early Lifestage Exposure and Dosimetry
C Lau, B Abbott, C Wolf, M Narotsky (EPA‐NHEERL)
S Jeyaraman, J Glazier, M Swat (TIVS – Indiana U)

S Hutson (Vanderbilt U)

y g p y
H El‐Masri, L Adams (EPA‐NHEERL)

J Kenneke, S Marchitti, C Mazur (EPA‐NERL)
I Shah, J Wambaugh (EPA‐NCCT)
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