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ToxCast™

� project to profile the bioactivity of hundreds to thousands of 
environmental chemicals using in vitro HTS assays,

� mine for in vivo correlations by training in vitro bioactivity

http://www.epa.gov/ncct/toxcast/
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� mine for in vivo correlations by training in vitro bioactivity
profiles against compounds with evident toxicity,

� build and test computational (in silico) models for ‘toxicity 
signatures’ that predict subtending biological pathways,  

� and prioritize chemicals that inform mechanistic models 
during chemical disruption (e.g., embryonic development)



Cell-based assaysBiochemical HTS assays

J1 mouse ES cells (ACDC)

ToxCast™ bioactivity profiling
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309 chemicals
471 endpoints



in vivo bioassays
(target, description)

Profiling developmental toxicity
ToxRefDB: >30 yrs of toxicity data worth >$2B
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ToxRefDB 387 chemicals, 751 prenatal studies,
988 effects annotated

283 chemicals x 293 effects � 19 target
systems from rat (   ) and rabbit (   ) studies



Developmental effects (ToxRefDB):
cLEL based on mg/kg/day administered dose

 
CRITICAL ENDPOINT NUMBER of CHEMICALS  
 rabbit  rat overlap  
Developmental (global) 111 153 70 
Skeletal_Axial  55 118 18 
FetalWeightReduction  49 92 6 
Skeletal_Appendicular 24 50 7 
Skeletal_Cranial 21 41 1 
Embryo-Fetal losses 33 35 5 
Urogenital (renal, ureteric) 3 19 0 
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Urogenital (renal, ureteric) 3 19 0 
JawHyoid 8 14 0 
CleftLipPalate 2 11 0 
Neurosensory (brain and eye) 6 8 0 
BodyWall (somatic)  1 6 0 
Viscera (splanchnic) 9 4 0 
Cardiovascular (heart, major vessels)  6 3 0 

SOURCE:  http://www.epa.gov/NCCT/toxrefdb/SOURCE:  http://www.epa.gov/NCCT/toxrefdb/SOURCE:  http://www.epa.gov/NCCT/toxrefdb/SOURCE:  http://www.epa.gov/NCCT/toxrefdb/



Workflow slide - placeholder
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Assay-DevTox associations:
distribution by HTS assay platform

Aggregated by species Stratified by system
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894 total univariate DevTox associations from ToxMi ner v16
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DevTox targets in ToxCast™

nonredundant assays (154 annotated 
by target gene function tested)  
selected by significant AC50 - cLEL 
correlation and mapped across the 
prenatal ‘penetrance spectrum’:

FWR fetal weight reduction
MAL  abnormalities and variations
RES  resorptions-fetal death

 TARGET FUNCTIONAL GROUP

(UV) FWR MAL RES
IL8

CCL2
CXCL10
CXCL9
IL1A

TGFB1
TNFRSF10B

Gabra6
HTR7
Hrh2

HTR5A
NPY1R

ADRA1A
ADRA2A
Bdkrb2
CHRM2
CHRM4
CHRNA4
Chrna7
Grm1
Hrh3
Oprl1
OPRL1
OPRM1
P2RY1
Tacr3
DRD2

ADORA1
Htr4

PTGER2
AKT1
AKT2

CSNK1D
MAPK3

MAPKAPK2
MET

PTPN6
PTPRB

RPS6KA5
SGK1
SRC
TEK

ABL1
BTK
FYN

GSK3B
PPM1A
PRKACA
PTPN12
PTPN4
PTPRC
PTPRF
PTPRM
CHUK

CSNK2A1
PTPN9

LYN
CD40
CD38

 ENDPOINT

chemokine-signal

kinase-phosphatase

GPCR

 TARGET FUNCTIONAL GROUP

(UV) FWR MAL RES
IL8

CCL2
CXCL10
CXCL9
IL1A

TGFB1
TNFRSF10B

Gabra6
HTR7
Hrh2

HTR5A
NPY1R

ADRA1A
ADRA2A
Bdkrb2
CHRM2
CHRM4
CHRNA4
Chrna7
Grm1
Hrh3
Oprl1

 ENDPOINT

chemokine-signal

GPCR

Office of Research and Development
National Center for Computational Toxicology

RES  resorptions-fetal death

TARGETS FWR   MAL  RES
assays 21      98     104

pathways 75      70      11

pathways inferred from ‘perturbation 
score’ (PS)

8

CD38

F3

MMP1

PLAT

PLAU

PLAUR

SELE

TIMP2

SAA1

HLA-DRA

SELP

TUBA1A

Nos1

CYP1A1

Cyp2a1

Cyp2b1

CYP2B6

Cyp2c12

CYP2C9

Cyp2d1

Cyp2d2

CYP2E1

Cyp3a23/3a1

CYP3A4

HMGCS2

PTGS1

CYP2A6

Cyp2c11

Cyp2c13

CYP2C18

CYP2C19

CYP3A5

GSTA2

Maoa

AR

ESRRG

NR1I3

NR3C1

PPARA

RARA

RARB

RORB

NR1I2

PPARD

THRA

EGR1

HIF1A

JUN

SOX1

SREBF1

CREB3

H2AFX

ABCG2

Kcnj11

Scn1a

Sigmar1

SLC6A3

Tspo

ABCB1

SLCO1B1

channel-transporter

nuclear receptor

tissue factor

nuclear factor

xenobiotic-

intermediary 

metabolism

Oprl1
OPRL1
OPRM1
P2RY1
Tacr3
DRD2

ADORA1
Htr4

PTGER2

SOURCE: ToxMiner v16, NCCTSOURCE: ToxMiner v16, NCCTSOURCE: ToxMiner v16, NCCTSOURCE: ToxMiner v16, NCCT



Signature detection
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SOURCE: NCCT – N Kleinstreuer, built with ‘linmod 
from R Judson [presented 03/08/2010, abstract 96]



Multivariate - placeholder
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Pathways - placeholder
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� predictive modeling of an effect is complicated by the 
inherent nonlinearity of biological systems

� even homogeneous cell populations in vitro can display 
complex responses to environmental chemicals

Predictive signatures: challenges
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� toxicity in an intact organism results from numerous 
complex and inter-related events at a multi-cellular scale

� Holy Grail: in silico reconstruction of tissues to evaluate 
biological plausibility of predictive signatures



Cell networks - placeholder
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Modeling Morphogenesis

cell growth & 
death

induced by 
FGFs from
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Polarized limb outgrowth

FGFs from
the AER

Modeled in www.CompuCell3d .org environment
N Poplawski (chick limb) � M Rountree (mouse limb)



� toxicity in the embryo is an expression of complex and 
interwoven events that follow from cellular perturbation

� ToxCast™ is a resource to compile in vitro signatures into 
computational models that are diagnostic of in vivo toxicity

Summary
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� systems-level models that recapitulate in vivo biology can 
be used to assess the plausibility of diagnostic signatures

� multicellular ‘virtual tissues’ can help bridge the gap 
between in vitro profiling and in vivo response
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