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SEPA Outline

Environmental Protection
Agency

-Challenge: Chemical Evaluation

-Problem: Linking chemical to potential health effect
-Approach: Adverse outcome pathway

-Solution: Semantic / knowledge-based tools
-Case-study
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vEIT Challenge: Evaluating Chemicals

Environmental Protection
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13,781/84,000 Chemicals on TSCA Inventory
(so far)
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<EPA

Chemical

>

United States
Environmental Protection
Agency

Molecular
Pathways

Problems:
» EXposure

Chemical Evaluation:
A Complex Systems Problem

Hepatocytes

Kupffer Cells
Cellular _ _ Tissue . _ Adverse
Responses Changes Effects

>

> Adverse Outcome Pathways —
Describe key components of the
system from molecular to injury

> Dose-dependent responses —
Simulate dynamic behaviour of

system following chemical
exposure

Office of Research and Development
National Center for Computational Toxicology

Not for distribution

Semantic solution

> Domain-specific ontology —
Toxicology

~ Describe normal biology &
chemical perturbation

> Enable automated reasoning

> Useful for quantitative modeling
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EPA

United States
Environmental Protection
Agency

Some history

Adverse Outcome Pathways

- Mode of Action (MoA) framework |

- 21% Century Tox — “Toxicity
Pathways”

- Conceptual framework for
evaluating ecological outcomes

On-going efforts:

- OECD: Molecular Screening.
Define “template” to standardize
development and submission of
AOPs for regulatory application

Effectopaedia: EU effort to store
and organize AOPs

EPA AOP Wiki: EPA/CSS-OECD
collaboration to curate AOPs

- .... many other efforts ....

Standardization is important!

Not for distribution

Office of Research and Development
National Center for Computational Toxicology
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Molecular ‘ ‘ Cellular ‘ Tissue ‘
MIE Int. Effects
Gene
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<EPA

United States

Environmental Protection

Agency

Internal
Dose

Absorption
Distribution
Metabolism

Excretion

Many possible pathways

Molecular
Effects

Receptor
Activation

Signal-transdu
ction

Gene
expression

Metabolism

- Office of Research and Development
Computational Toxicology Research Program

Cellular
Functions

Endoplasmic
Reticulum

Mitochondrial
Function

Peroxisomal
Function

Cytoskeletal
Architecture

Stress
Pathways

Cellular
Effects

Hepatocyte
Necrosis
Apoptosis
Proliferation

Kupffer cell
Activation
Phagocytosis

Adverse
Outcomes

Hypertrophy
Injury
Inflammation
Regeneration

Steatosis
Cholestasis
Fibrosis
Cirrhosis

Hyperplasia
Pre-neoplasia
Neoplasia
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Pathway Inference | Reconstruction

Environmental Protection
Agency

Chemicals Molecular Cellular Cellular Adverse

Effects Functions Effects Outcomes
2. Mol. In.lt. 3. Intermediate 1.Define Hepatic
Events: Effects Adverse
Nuclear Receptors Outcomes

¢Top-down — i.e. Hypothesis-driven — Evaluate hypothesis using
weight of evidence. Resource intensive.

*Bottom-up — i.e. Data-driven — Computational tools organize
evidence and use heuristics to generate hypotheses. Results not
always relevant.
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United States Data—) SemantiCS — KnOWIedge

Environmental Protection
Agency

Semantic model / Ontology

- Referential vocabulary —
standardize entities (things)

- Relational vocabulary —
standardize linkages

Ontology for modeling Toxicity
Pathways (OnToP):

- Referential vocab (Table 1)
- Relational vocab (BFO)

Concretely expressed.:

- OWL/RDF
- N3, Turtle, LISP, etc.
SPARQL endpoint (Intranet)

- Office of Research and Development Not for distribution

National Center for Computational Toxicology

Entity Class Source(s) Count
KEGG 13681
DrugBank 7080
MeSH 2607
chemical NHANES 458
ToxCast 1658
ToxRefDB 07
NTP 586
gene MCEI Entraz 143916
MeSH 227
protein UniProt 43960
MeSH 4030
cell OBO: CellTypeOntology 983
cell-location GO CC 2110
MeSH 204
anatomic-location ©BO-FMA 75144
MeSH 15
organism NCEBI Taxonomy 289
MeSH 32
molecular-event OBO: GO molecular function 8360
MeSH 83
cell-event OBO: GO biological process 17008
OBO: MPO G639
tissues-event ToxRefOB 16
MeSH 239

Table 1. Named entities: classes, sources and instances

v-LIVER
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United States Domain knOWIedge — Literature

Environmental Protection
Agency

Natural Language Natural Langquage Processing

DEHP and DCB were both able to suppress rat
hepatocyte apoptosis

chemical action organism cell cell-event

Disturbances of the mitochondrial membrane,
induced by CCl4 treatment, were also _ Evidence
evidenced as increased mitochondrial swelling =

were both able to

In DENA-initiated C3H and C3B6F1 mice,

phenobarbital increased the Iabelln% index in

eosinophilic foci, while decreasing the labeling

index in normal/non-involved hepatocytes rat
with/without DENA initiation. E?K;’

hepatocyte
In contrast, PB, a non-genotoxic rodent 'OC%OH
hepatocarcinogen, enhances the growth of .
hepatic focal lesions in mice and rats by Semantics age Effect et
increasing cell proliferation and inhibiting change
apoptosis.

DEHP decrease apoptosis

However, humans give a therapeutic response
to the fibrate PPs via an alteration in lipid
metabolism mediated by PPARalpha.
. Effect (d,,) AhasAgent (d, C10,) AhasObject (d ,, €,0) AhasChange (d 5, +) A
Assertlon Chemical (c,,, ) AMolEvent (e,,) AhasEvidence (d ,, f 1o,0) ALiterature (f 4,,) A
hasName (c,,, DEHP)AhasExtld (c,,, CAS:117-81-7)A

Acetaminophen treatment increased the plasma hasName (o apaptosis A hasEXtTd (2., GO-0006015)

levels of aspartate transaminase, alanine

aminotransferase, and alkaline phosphatase
and caused hepatic DNA fragmentation and
hepatocyte necrosis. Shah et. al., PLOS Computational Biology (in revision)
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Ontology for Toxicity Pathways: OnToP

Environmental Protection
Agency

eSubstances
¢ Measurable

¢ Biological molecules,
cell, anatomic
locations, tissues

¢ Qrganisms and their
attributes
*Phenomena
¢ Events

¢ Pathways: chain of
events

“Effects
¢ Changes in events
¢ Chemical-effects
¢ Latent-effects

- Office of Research and Development
Computational Toxicology Research Program

CAR, TCPOBOP, c-Myc
Liver, rat

CAR-activation, c-Myc-activation,
cell proliferation, hyperplasia

TCPOBOP induced CAR-activation

FoxM1-activation increases cell
prolferation
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Y’/ . .

mesaes - EVIDdence from Literature

Agency

Effect PubMed Abstract Agent Object

Agent Object PMID S Phrase Ext-ID Class ExtID Class
Ferfuoro- Nr1i2 15826607 1 Cafbras i oot aa cHed Wi | 33576 2 chemical |EG18171  gene
4-Nonylphenol Nr1i2 16013040 2 ge"gmg e D e e eoiot. | 10440-5  chemical |EG:18171  gene
P{:;ﬁethyl Ppara 17084g73 7  diclofop-methyland pyrethrins induce PPARalpha | 51440 57 3 chemical |EG19013  gene
o acid Ppara 19162173 5 {;feoé‘inaﬂ'}jnﬁ%&%ﬁ%ﬁﬁrﬁéﬂﬁ%sﬂ'ﬁ; 33567-1  chemical |[EG:19013  gene
Eﬂfﬁgﬂsg' Ahr 18204747 3 DIDPand DBP affected only the ARR 26761-40-0 chemical |EG11622  gene
e apoptosis | 17374408 8  guce anopmoars . Loduce oxidative stress and n- | 335,671 chemical |GO:0006915 ~ cell-event
Phenobarbital Ezf;gglgy 1236193 7 [ renobarbitaltreatment fesulied in hypemlasia |50 606 chemical VL1098 ssue-
gggtgi‘:m“e E:f;g‘;gy 2130818 3 (JPaipiioden Cyproterone acetate (CPAYIOIN- | 457,510 chemical |VL:1098 :32‘;‘?
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Shah et. al.,

Not for distribution

PLOS Computational Biology (in revision)
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<EPA

United States

Environmental Protection

HTS data — molecular & cellular effects

Agency
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Shah et. al., in preparation
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SEPA Workflow

Environmental Protection
Agency

Pu bhﬂed _the Gene Ontology
Public Format

%lA]E\J:F\h\L Information Data conversion

[NSTITUTE i > .

INSTIUTH Retrieval [ ) { MongoDB
; ,*Aﬁb : :

Articlé Pl Full-text — :

: Arucles ;¢ searching
....................................................................................................
©.' BIOMEDICAL ON
Information . Entity ... Relation .
Extraction Identification Extraction
—_— REST/
SPARQL
Semantic -----------------------------
Mapping
) S ssssssmmsssssssssssnnnnnnnn groGraph
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“EPA vLiver Knowledge-base

Environmental Protection
Agency

ToxRefDB (966)

800

Formal Ontology | Chemical Univ
OWL/RDF: n3

600

500

Entities (with external links)

Chemicals > 13,781 2 .
Effects > 1,225,869 ToxCast (942) i
Assays > 38,294 "“

Targets > 48,743
Sources:

PubMed >1e6
ToxCast 1008242
ToxRef 135512
PubMed/CTD: 82,020
PubMed/v-Liver: 2,302

100

Accessible: Literature — largest
SPARQL endpoint source of evidence ..
REST
- Office of Research and Development v-LIVER "
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o
‘Browse evidence for chemicals
‘ldentify nuclear receptor activators
‘Visualize evidence
*‘Making inferences about mechanisms
‘Automated inference — pathways

‘Hypothetical pathways to adverse outcomes
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EPA ... WY-14,643 Effects

Agency

Wh-14643
> WY-14643 molecular-effect ID: 5153011eb9743f479d00096f
Effect: dec HBA-A1l mRNA expression in mouse
Evid: Qu, A et al,(2010). "PPARalpha-dependent activation of cell
cycle control and DNA repair genes in hepatic nonparenchymal
cells." Toxicol. Sci. 1096-0929

fi
H > WY-14643 molecular-effect ID: 5153011db9743f479d00096e
Effect: dec PRP19 mRNA expression in mouse
Evid: Han, ES et al,(2008). "The in vivo gene expression signature
of oxidative stress." Physiol. Genomics 1531-2267

> WY-14643 molecular-effect ID: 5153011cbh9743f479d00096b
Effect: dec ARF2 mRNA expression in mouse
Evid: Iida, M et al,(2003). "Changes in global gene and protein
expression during early mouse liver carcinogenesis induced
by non-genotoxic model carcinogens oxazepam and
Wyeth-14,643." Carcinogenesis 0143-3334

PubMed

ToxRef
> WY-14643 molecular-effect ID: 5153011cb9743f479d000969
Effect: inc COPB1 mRNA expression in mouse
Evid: Sanderson, LM et al,(2008). "Effect of synthetic dietary
triglycerides: a novel research paradigm for nutrigenomics."
PLoS ONE 1932-6203

ToxCast

wLiver

10° 10* 10° 10° 10% > WY-14643 molecular-effect ID: 5153011bb9743f479d000968

Effect: inc HNRNPF mRNA expression in rat

Evid: Ren, H et al, (2009). "Evidence for the involvement of
xenobiotic-responsive nuclear receptors in transcriptional

developmental [ E effects upon perfluoroalkyl acid exposure in diverse

mproductive |- i species." Reprod. Toxicol. 1873-1708
neurological - R > WY-14643 molecular-effect ID: 5153011ab9743f479d000967
organism i Effect: dec ATP11C mRNA expression in mouse
. Evid: Han, ES et al,(2008). "The in vivo gene expression signature
tissue 7] of oxidative stress." Physiol. Genomics 1531-2267
cell 1
molecular ] > WY-14643 molecular-effect ID: 5153011ab9743f479d000964

Effect: inc PTPN4 mRNA expression in mouse

" 10t 1 10¢ 1t Evid: Sanderson, LM et al,(2008). "Effect of synthetic dietary
triglycerides: a novel research paradigm for nutrigenomics."
PLoS ONE 1932-6203

> WY-14643 molecular-effect ID: 51530119b9743f479d000963
Effect: inc FABP3 mRNA expression in mouse
Evid: Ren, H et al,(2009). "Evidence for the involvement of
xenobiotic-responsive nuclear receptors in transcriptional
effects upon perfluoroalkyl acid exposure in diverse
species." Reprod. Toxicol. 1873-1708

> WY-14643 molecular-effect ID: 51530119b9743f479d000962
Effect: inc HES3 mRNA expression in mouse
Evid: Qu, A et al,(2010). "PPARalpha-dependent activation of cell
cycle control and DNA repair genes in hepatic nonparenchymal
cells." Toxicol. Sci. 1096-0929

> WY-14643 molecular-effect ID: 51530118b9743f479d00095f
Effect: inc TOMM20 mRNA expression in mouse
Evid: Han, ES et al,(2008). "The in vivo gene expression signature
of oxidative stress." Physiol. Genomics 1531-2267

Office of Research and Development
Computational Toxicology Research Program

— Structured

> WY-14643 tissue-effect ID: 5152102fb9743f56860006bd
Effect: inc Atrophy in Testes hamster
Trt: 42.0 mg/kg/day 13.0 week

Evid: (4-Chloro-6-(2,3-xylidino)-2-pyrimidinylthio) acetic acid

(WY-14643) Subchronic oral toxicity in rodents in hamster
> WY-14643 tissue-effect ID: 5152102fb9743f563a000703
Effect: inc Mitotic Alteration in Liver mouse
Trt: 12.0 mg/kg/day 13.0 week

Evid: (4-Chloro-6-(2,3-xylidino)-2-pyrimidinylthio) acetic acid

(WY-14643) Subchronic oral toxicity in rodents in mouse
> WY-14643 tissue-effect ID: 5152102fb9743f563a000704
Effect: inc Apoptosis in Liver mouse
Trt: 22.0 mg/kg/day 13.0 week

Evid: (4-Chloro-6-(2,3-xylidino)-2-pyrimidinylthio) acetic acid

(WY-14643) Subchronic oral toxicity in rodents in mouse
> WY-14643 tissue-effect ID: 5152102fb9743f563a000706
Effect: inc Mitotic Alteration in Liver mouse
Trt: 22.0 mg/kg/day 13.0 week

Evid: (4-Chloro-6-(2,3-xylidino)-2-pyrimidinylthio) acetic acid

(WY-14643) Subchronic oral toxicity in rodents in mouse

> WY-14643 molecular-effect ID: 51625b9fb9743f53ef0000df
Effect: inc NF-kB activation in Liver rat

Evid: Fischer, JG et al, (2002). "Moderate iron overload enhances

lipid peroxidation in livers of rats, but does not affect

NF-kappaB activation induced by the peroxisome proliferator,

Wy-14,643." J. Nutr. 0022-3166

> WY-14643 molecular-effect ID: 51625b9fb9743f53ef0000el
Effect: alter Gap Junctional communication in Liver rat
Evid: Mally, A et al,(2002). "Non-genotoxic carcinogens: early

effects on gap junctions, cell proliferation and apoptosis

in the rat." Toxicology 0300-483X

> WY-14643 cell-effect ID: 51625b9fb9743f53ef0000dd
Effect: inc Oxidative Stress in Liver rat

Evid: Conway, JG et al,(1989). "Relationship of oxidative damage
to the hepatocarcinogenicity of the peroxisome proliferators

di(2-ethylhexyl)phthalate and Wy-14,643." Carcinogenesis
0143-3334

> WY-14643 cell-effect ID: 51625c48b9743f53ef00013a
Effect: inc Oxidative Stress in Liver mouse
Evid: Woods, CG et al,(2007). "WY-14,643 induced cell
proliferation and oxidative stress in mouse liver are
independent of NADPH oxidase." Toxicol. Sci. 1096-6080

> WY-14643 molecular-effect ID: 51625b9fb9743f53ef0000d3
Effect: inc PPARalpha activation in Liver rat

Evid: Corton, JC et al, (2005). "Peroxisome proliferator-activated
receptors: mediators of phthalate ester-induced effects in

the male reproductive tract?" Toxicol. Sci. 1096-6080

> WY-14643 molecular-effect ID: 51625c47b9743f53ef000132
Effect: inc PPARalpha activation in Liver mouse
Evid: Bility, MT et al, (2004). "Activation of mouse and human
peroxisome proliferator-activated receptors (PPARs) by
phthalate monoesters." Toxicol. Sci. 1096-6080

v-LIVER
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<EPA

United States
Environmental Protection
Agency

Clofibric acid

potassium perfluerooctanoate
WY-14643
1-Tridecanecarboxylic acid
octadeca-9,12,15-trienoic acid
Perfluorooctanesulfonamide
Gemfibrozil

Fenofibrate
(1-p-Chlorobenzoyl-5-methoxy-2-methylind
Cleic acid
2H-1-Benzopyran-2-one, 7-methoxy-8-(3-me
2-Ethylhexanoic acid

sodium 2-ethylhexyl phthalate
mangiferin

Trichloroacetic acid
Thiophanate methyl
Rosiglitazone

Nafenopin

Monobutyl phthalate

Methyl Clofenapate

FOLIC ACID

DEHP, Di(2-ethylhexyl)phthalate
Uofibrate

Ciprofibrate

Acetic acid, trichloro-, ion{1-)
4H-1-Benzopyran-4-one, 3-[(6-deoxy-7-L-m
Vancomycin

Sevoflurane

Potassium dodecanoate
Pioglitazone

PRAVASTATIN SODIUM
Nimesulide

Naproxen

MK886

Levocarnitine

Hydrazine, sulfate

Fucoxanthin

Eicosapentaenaic Acid
Docosahexaenoic Acids
Dehydroepiandrosterone

Summary:

58 Chemicals
50 Targets
088 Effects

Bezafibrate

Benzbromarone

Acetaminophen
8-hydroxyeicosatetraenoic acid
5-((2,4-dioxo-5-thiazelidinymethyl)-2-
5.8,11,14-Eicosatetrayneic Acid
2-Bromohexadecanoic acid
TETRACYCLINE HYDROCHLORIDE
4,4'-Methylenedianiline dihydrochloride
ginsenoside Rf

Perfluorohexane sulfonic acid
Griseofulvin

C.L. Solvent red 23

Bleomycin

Acetaldehyde
3,3",5"Triiodo-L-thyronine
1,4-Bis[2-(3,5-dichloropyridyloxy] Ibenze

Office of Research an
Computational Toxicolc

pparg
tnf
nos2
collal
cyp2el
casp3
jun
cyplaz
ptgs2
hmox1
ccndl
cat
nrli3
fos

ppara

mapkl

acoxl
ccl2

myc
colla2
s
ctnnbl
nfe2l2
mapk3
b

gclc
cyp3all
adipoqg
tgfbl

ppargcla
nl
abcc2
10

cyp4alo
cd36
tp53
pthih
mpo

ifng

icaml
gpx1

Chemicals Effects — Relational

vegfa
ucpl
sppl
sodl
por
pahb
fabp4
dci
bclz2lL

Diethylmaleate | | ]

5

, # Increase

-4

. =# Decrease
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EPA Chemical Effects — Semantic View

Environmental Protection
CeIItion

Agency
hepatocercinomas
Chemical

Increase
hia Molecular becrease

Event

No change
h @ foci ofaltatocytes Ce”ular
rabs Function
Phenobarbita
Histological

N— CAS Outcome

CYP3Ad4
tumtion - . h |
pOlyamnthesis Chemical
Effects

DNA cation

Shah et. al., Bionformatics (in revision)

Subset of experimental evidence about
Phenobarbital (PB) from KB

- Office of Research and Development v-LIVER "
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<EPA

Semantics - Computational Inference

Environmental Protection
Agency

Zriorl ) lél\fzfergtzce i\}l(ew e
nowledge gorithm nowledge c4

PB » CYP3A4

PB. »PXR

PXR — — » CYP3A4 *

~_ _,  Chemical C 6
Effect
Latent . -
Effects Shah et. al., PLOS Comp Bio (in revision)
- Office of Research and Development v-LIVER "
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<EPA

Computational Inference — Hypotheses

Environmental Protection
Agency

Plausible explanation of
putative PB-mediated

Hypotheses:
molecular changes

PB activates Mdm2 via CAR

Evidence for Mdm2 PB activates FoxO1 via PXR

activation by PB was not
in the KB but has been
shown

experimentally

Chemical
Effect

Latent

Effects Shah et. al., PLOS Comp Bio (in revision)

- Computational Toxicology Research Program VIRTUAL LIVER PROJECT '
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wEPA Computational Inference — “AOPSs”

United States
Environmental Protection
Agency

Chemicals Molecular Cellular

Phebobarb/ CAR > FoxM1 Initiation >
TCPOBOP promotion
Phebobarb/ PXR > ROS DNA Damage
TCPOBOP > [nitiation >
promotion

Phebobarb/ CAR > Mdm2 Apoptosis
TCPOBOP

Hypothetical “AOPs” — require
further curation

Q—._’D Chemical
Effect
G_._,D Latent

Effects

- Office of Research and Development
Computational Toxicology Research Program

Tissue
Hyperplasia>
Neoplasia

Neoplasia

?7?

Shah et. al., PLOS Comp Bio (in revision)
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EPA “AOPs” — Dose Response

United States
Environmental Protection

Agency
Hepatocyte
EGFR TNF-R1 IGF-1R IR
IRS IRS-2 CREB SOS
AN —

c-Jun

c-Fos

avavars

Time

Activity

o '
X ’W e
N -4

Rat-t l

c-Fos ¢-J..._.

BMC Systems Biology (2011)

v-LIVER "
VIRTUAL LIVER PROJECT
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Jack, et al.

Quantitative systems modeling — simulating changes in
early cell-cycle progression using in vitro data

- Office of Research and Development
Computational Toxicology Research Program



"Egés Summary

ironmental Protection
Agency

‘Pathways — key to chemical evaluation
¢ Interpreting HTS data for new chemicals
¢ Quantitative dose-response modeling

*Approach: Data - Ontology — Knowledge — Inference — Hypotheses

‘Implementation
¢ Ontology for describing toxicity pathways (OWL/RDF)
¢ Knowledge-base (KB) for capturing assertions (SPARQL)
¢ KB Visualization tool (Cytoscape/c-Mantic)
¢ Custom pathway-inference engine

*Broadly applicable to toxicology & AOPs

cUtility of ontology dependent on linkage with:-
¢ Public referential vocabularies
¢ Public relational vocabularies

I o e VLIVER W
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CSS 2.2.1 Virtual Liver Adverse
Project Matrix g::ﬁi';f ADME

/Research Tools ™

KB ADME curation [JK|CM]
Empirical  Phase I, Ii, Il [JK|CM]
Predictive
Tools :
Systemns  Dosimetry [JW|HeM]
Cell culture [JK|CM]
Exp.
Models
XMEsitransporters [JK|CM]
Assays HTS [W]
Tissue dose [JES]

. J

Adverse
Outcomes

Tissue
Alterations

Cellular
Responses

Molecular
Events

Knowledge-base, Information extraction & syrthesis [IS|Rensselaer]

AOP curation from literature [CC)

Classifiers for key-events: chem features [UNC*], genomics [CC], HTS [JU/IS]
AOP analysis and reconstruction [IS|VT¥)

Receptor-signaling [HeMHamner®]  Cellular process & fate [IS] Cell-agent based effects [JW|Indiana®]

Cell eulture [SH] Cell eulture [SH]

In-life [JES|EK|MH]

Genomics [CC/SH]
miRMNA [BC|ST]

Histopathology & Histomarphometry [CW]

chip [BC]

NCCT NHEERL NHEERL (Cont) NERL STAR Co-Ops Other Collaborators

IS — Imran Shah CC - Chris Corton GN - Gail Nelson JK — John Kennecke Indiana University Rensselaer - Ontologies

JW - John Wambaugh JES - Jane Ellen Simmons TM - Tony McDonald CM - Chris Mazur JS - Jim Sluka Hamner — DILI/Paul Watkins
JL - Jie Liu HeM — Hisham el-Masri YS - Yusupha Sey JG - James Glazier Cellular Dynamics — ES/Hep

CW - Charles Wood

SH - Susan Hester

BC - Brian Chorley

EK — Elaina Kenyon

MK - Mike Hughes

ST - Sheau-Fung Thai
CAM - Charlene McQueen
BM - Beth Padnos

CJ - Carlton Jones

David Ross

. GC - Gleta Carswell
Office of Research and Development

National Center for Computational Toxicology

BE - Brenda Edwards
LA - Linda Adams
TM - Tanya Moore

Not for distribution

HemoShear - Liver reactor
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