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ToxCastTM Program
Chemical prioritization using in vitro to in vivo correlations

Chemical libraryChemical library

p g

1000s chemicals
•food use pesticides failed pharmaceuticals•food use pesticides, failed pharmaceuticals, 
plasticizers, and food additives

in vivo datain vivo data in vitro testingin vitro testing

NovaScreen 
Biochemical 

www.epa.gov/ncct/toxrefdb/ www.epa.gov/ncct/toxcast/

Platform

More chemicals screened 
Less time and cost
Fewer animals

2BioinformaticsBioinformatics

Fewer animals
Based on in vitro targets, 

pathways and processes
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NovaScreen Biochemical Assays
-Caliper Life Sciences (a PerkinElmer company)-Caliper Life Sciences (a PerkinElmer company)

P ifi d bi iPurified or recombinant protein

Species
• Human (73%)
• Rat (18%)
• Other (9%)

miniSOPs

Binding and enzymatic activity
• Radioligand receptor binding
• Fluorescent receptor binding
• Fluorescent enzyme substrate - intensity quench
• Fluorescent enzyme substrate - mobility shift
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-Caliper Life Sciences (a PerkinElmer company)

NovaScreen Biochemical Assays

976 chemicals in 331 biochemical assays

-Caliper Life Sciences (a PerkinElmer company)

Protein families # assays
G‐protein‐coupled‐receptors 77

Binding

G‐protein‐coupled‐receptors 77
Ion channels 20
Nuclear receptors 19
Transporters 11Transporters 11
Other receptors 3

E ti

Kinases 74
Phosphatases 38Enzymatic

activity

Inhibition &

p
Proteases 30
Cytochrome P450 enzymes 20
Cholinesterase 6

Activation
Other enzyme (COX, HDAC, MAO, PDE, SIRT) 33
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NovaScreen Workflow
-Caliper Life Sciences (a PerkinElmer company)

Chemical selection
Experimental design

O d i

-Caliper Life Sciences (a PerkinElmer company)

ay

Chemical

Ordering
Assay annotation

323 056
Step 1 A

ss
a

single 

323,056
chemical-assay pairs

concentration
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NovaScreen Workflow
-Caliper Life Sciences (a PerkinElmer company)

Did we get what

Chemical selection
Experimental design

O d i

-Caliper Life Sciences (a PerkinElmer company)

Did we get what 
we ordered?

Ordering
Assay annotation

Raw 
data

Processing to a 
usable matrix

Custom R scripts

QCStep 1 Curve‐fitting

p

y

Chemical

24 118

A
ss

ay

multi 

x 8 24,118
chemical-assay pairs

concentration
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Example Chemical‐Response Plot

Assay
AC50

Assay
Chemical name
CASRN
AC50
Mi t t dMin conc tested
Max conc tested
Emax
Slopep
R-squared
Fit p-value

7,135 chemical-assay pairs
• 75% chemicals (729/976)

%• 77% assays (256/331)
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NovaScreen Workflow
-Caliper Life Sciences (a PerkinElmer company)

Chemical selection
Experimental design

O d i Did we get what

-Caliper Life Sciences (a PerkinElmer company)

Ordering
Assay annotation

Did we get what 
we ordered?

AC50s
Raw 
data

Processing to a 
usable matrix

QCStep 1

Custom R scripts

Curve‐fitting

p
Data Transformation

Data 
Analysis

• Statistical software
• Hierarchical clustering
• Correlation matrices
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Data Analysis Workflow
ASSAYASSAY

Hierarchical clustering Correlation matrices

A
S

S
AY

Are phylogenetically similar 
proteins being affected by 

similar chemicals?similar chemicals?

CHEMICAL

L

Chemical fragment similarity

C
H

E
M

IC
A

L

Chemicals with information
Chemicals lacking informationChemicals lacking information
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Hierarchical Clustering
High 

Potency

No hitsNo hits

75% chems (729)
77% assays (256)

Low 
Potency

Most promiscuous
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Hierarchical Clustering
High 

Potency

Nuclear Receptor
Kinase & Phosphatase

GPCR (other)

GPCR (aminergic)

Low 
Potency
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Mostly 
pharma

Mostly 
pesticidesHierarchical Clustering

High 
PotencyTop Promiscuous Chemicals

•Pharma
•Phenylmercuric acetate (fungicide)•Phenylmercuric acetate (fungicide)
•Mancozeb, Maneb, Metiram (fungicide)
•Crystal violet (fungicide/bactericide)
•Sodium dodecylbenzenesulfonate (surfactant)
•Tributyltin methacrylate•Tributyltin methacrylate
•Tributyltin chloride
•Mercuric chloride 

Top 20 Promiscuous Assays
•CYPs - 2C19, 2C9, 2B6
•Transporters -TSPO/PBR, NET, DAT
•Receptors – PXR GR AR

Low 
Potency

Receptors PXR, GR, AR
•GPCR – 5HT7, Opiate µ/K, DRD1
•Other – NaCh_site2, SIGMA, MAOAC, BACE
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Hierarchical Clustering
High 

PotencyTop Promiscuous Chemicals

Heavy metalsHeavy metals
1-Phenylmercuric acetate
2-Mercuric chloride
3-Tributyltin methacrylate
4-Tributyltin chloride4 Tributyltin chloride

Surfactants 
5-Sodium dodecylbenzenesulfonate
6-Perfluorooctane sulfonic acid
7-Dodecylbenzene sulfonate triethanolamine 
(1:1))

Dithiocarbamate fungicides
8-Mancozeb

GPCR (other)

N l R t 8 Mancozeb
9-Maneb
10-MetiramKinase & 

Phosphatase

Nuclear Receptor

Low 
Potency
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DEHP
5 assaysDEGDB

5 assays

TOTM
DOTP
DEHA
1/2 assays

DINCH
DIDP
0 assays

1/2 assays
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Anthralin Perfluorinated compounds 
• Anti-proliferative,anti-inflammatory
• Treat psoriasis
• Unknown mechanism

p
(13 compounds)

• Lipophilic surfactants

L k t i B4 GPCR (t t)
• 22 assays
• Inflammatory caspases
• MMPs
• Cox1 & 2

• Leukotriene B4 GPCR (target)
• 80% of PFCs
• Fatty acid signaling molecules

• Cox1 & 2
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Most Potent Chemical‐Assay Pairs
AC50s @ 23nM  (9nM for CYPs)

•>50% had literature evidence for these associations
• limited by publically available information

• 20% had literature evidence for additional chemical‐target associations missed
•bioavailability, conc not high enough, species differences, single screen miss
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Assessing Reliability EDSP Chemicals

EDSP reference chemicals
22 chemicals
bovine, human, mouse ER

• inactives (6)  100%
• very weak (3)  0%
• weak (9)  78%( )
• strong actives (3) 100%
• antagonists (1)  100%
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Assay Similarity Analysis

High 
Similarity

ss
ay

s GPCR (other)GPCR (other)

A
s GPCR 

(aminergic)
GPCR 
(aminergic)

Kinase 
Phosphatase
Kinase 
PhosphatasePhosphatasePhosphatase

Assays

Low 
Similarity
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GPCR Family Tree
GPR172A

Not in cluster 1

2
Group 1

Group 2

Vasoactive
NPR1

Vasoactive
intestinal 
peptide

Glutamate 

Neuropeptide Y
Peptide GPCRsPeptide GPCRs OpiateNeuropeptide Y

Endothelin B
Biogenic Amine Biogenic Amine 

Histamine

Endothelin B ReceptorsReceptors
DopamineAdrenergic

http://dx.doi.org/10.1016/j.str.2011.05.012
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Muscarinic AChR
Serotonin



Chemical Similarity Analysis

Assay Enrichment

Example clusterExample cluster

Activator ‐ Cholinesterase
Activator – CYP
Activator – Kinase
Activator ‐ Other enzyme

What about 
chemical 

p
• cyanazine
• prometryn
• caffeine
• theophylline
• cladribine

p
• cyanazine
• prometryn
• caffeine
• theophylline
• cladribine

Adenosine 
signaling or 
metabolism

Triazine 
herbicides

Activator – Phosphatase
Activator – Protease
Cholinesterase
CYP
GPCR (aminergic)

m
ic

al
s

Other enzymeOther enzyme

fragment 
similarity?

• cladribine• cladribine metabolismGPCR (aminergic)
GPCR (Other)
Ion channel
Kinase
LGIC (cys loop)

C
he

m

GPCR (other), ion channelGPCR (other), ion channel

GPCR both ion channelGPCR both ion channel

LGIC (ionotropic glutamate)
Nuclear receptor (subfamily 1)
Nuclear receptor (subfamily 3)
Other
Other enzymeGPCR both, ion channelGPCR both, ion channel

CYP nuclear receptor (1)CYP nuclear receptor (1)

Other enzyme
Phosphatase
Protease
Transporter

Chemicals 22
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CYP, nuclear receptor (1), 
transporter
CYP, nuclear receptor (1), 
transporter



Chemical Similarity Analysis

Assay Enrichment
Activator ‐ Cholinesterase
Activator – CYP
Activator – Kinase
Activator ‐ Other enzyme
Activator – Phosphatase
Activator – Protease
Cholinesterase
CYP
GPCR (aminergic)

m
ic

al
s

GPCR (aminergic)
GPCR (Other)
Ion channel
Kinase
LGIC (cys loop)

C
he

m LGIC (ionotropic glutamate)
Nuclear receptor (subfamily 1)
Nuclear receptor (subfamily 3)
Other
Other enzymeOther enzyme
Phosphatase
Protease
Transporter
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Chemical Fragment‐Assay Category 
Associations

• Simply a description 
of the features within 
chemicals 
preferentially affectingpreferentially affecting 
these assay groups

• Fragments are not 
indicating causalindicating causal 
association

• Better inform 
chemical structurechemical structure 
models 
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Summary

• ToxCast Phase I & II includes biochemical assay data for 1000 y
chemicals in >300 assays

• Unique dataset can be used to evaluate additivity of effects 
across concentration range in combination with cell‐based data

• Associations may  help inform chemical structure models for 
di i h i l i ipredicting chemical‐target interactions.

• A combination of these in vitro results along with in vivo 
toxicity data are being used in building predictive models fortoxicity data are being used in building predictive models for 
chemical prioritization
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Thank you!y

http://pubs.acs.org/doi/abs/10.1021/tx400021f
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