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- Why an AOP Knowledgebase?
- Components of the AOP Knowledgebase
- AOP-Wiki

« What's next?
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\?EPA AOP Timeline

Environmental Protection
Agency

- 2010 AOP development
* relatively poorly defined ad hoc process

« 2012 Launch of OECD AOP Development Programme

e http://www.oecd.org/chemicalsafety/adverse-outcome-pathways-molecular-
screening-and-toxicogenomics.htm

- 2013 OECD Guidance on Developing and Assessing AOPs

e http://search.oecd.org/officialdocuments/displaydocumentpdf/?cote=env/im/mono%
282013%296&doclanquage=en

- 2014

* AOP Workshops
- Part of National Society meetings: SOT, SETAC, EMGS

- Advancing AOPs for Integrated Toxicology and Regulatory Applications
(Somma Lombardo, Italy)

- Adverse Outcome Pathways: From Research to Regulation (Bethesda, MD)

* Development of an OECD User Handbook as a supplement to the
2013 guidance

- Office of Research and Development
Chemical Safety for Sustainability Research Program
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e EPA AOP-KB History

ntal Protectic
Aqency

- Effectopedia (International QSAR Foundation)
—Developed since 2006, alpha releases since 2010

- Chem MOA Wiki (WHO/IPCS) -> AOP Wiki
—EPA - Fall 2012

« AOP-KB for OECD AOP Programme
—Joint proposals EPA, JRC, & USACE — March 2013
—Initial Wiki beta release — July 2013
—Formal inclusion of OECD (Effectopedia) — Dec. 2013
—Most recent Wiki release — June 2014

Adverse
@) m
WIKI OECD

saop

- Office of Research and Development
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“’EPA AOP Key Concepts

Environmental Protection
Agency

« Organize existing knowledge

- Systematic evaluation of evidence

 Avoid duplication of the same key event

- Always expand description to include new science

- Provide a framework for utilizing 215t century toxicity testing

- Office of Research and Development
Chemical Safety for Sustainability Research Program
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Contents [hide]

1 Announcements

M Na\.flgatlon 2 Welcome to the Collaborative Adverse Outcome Pathway KnowledgeBase (AOP-KB) Wiki
Main page 2.1 Partners
ADP List 2.2 Disclaimer
Help 3 Main Types of Data
FAQ 4 How to add a new AQP
Recent changes 4 1 Before You Start
Release notes 4.2 To create a new AQP
b Aciions 4.3 To edit AOP pages

4 4 To edit other pages
» Feedback

Welcome to the Collaborative Adverse Outcome Pathway KnowledgeBase (AOP-KB) Wiki [edit]

Adverse

‘:\HJ; Olgf;m:y @ / / H
E@ i WIKI OECD =

This wiki represents a joint effort between the European Commission — DG Joint Research Centre and U.S. Environmental Protection Agency. This serves as one component of a
larger OECD-sponsored ADP Knowledgebase effort and represents the central repository for all AOPs developed as part of the OECD AOP Development Effort by the Extended
Advisory Group on Molecular Screening and Toxicogenomics. The other major components of this knowledgebase are Effectopedia, produced by the International QSAR
Foundation, and the ACQP MNetwork tool, produced by the US Army Corps of Engineers - Engineering Research and Development Center.

This wiki is based upon the Chemical Mode of Action wiki developed by the US EPA under the auspices of the WHO International Frogramme on Chemical Safety (IPCS) g2
Mode of Action Steering Group.


http://aopwiki.org/
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Chemical

Structuring and Storing AOP Information

AR Hypothalamic Hepatocyte Ovary Female Population |
_ Neurons Reduced Impaired Decreased Declining
Agonism (-) Feedback VTG Oocyte Elatio/EEaining Trajectory
production De
MIE 4
2WE 3 2 3 2 3
Molecular Ke Ke Adverse
=+ Initiating evenX[ even’z/ Outcome
Event (MIE) ! et (AO)

\—'—I

5

1. Chemical initiator
2. Keyevent

3. KE Relationship
(linkage; edge)
(including MIE; node) 4. Adverse Outcome

AOP Components are mapped to specific entities in the KB

5. AOP

- Office of Research and Development
Chemical Safety for Sustainability Research Program
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EPA Widgets Facilitate Data Entry
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Add a Record
Action®
Summary of the AOP [ ]0
Molecular Initiating Event Biological Process/Object®
| Add Molecular Initiating Event to Table | l l
Molecular Initiating Event ¢ Support for Essentiality & Evidence supporting essentiality
0
Aromatase, Inhibition | N |
Key Events e e—
y | Submit |
| Add Event to Table |
Event ¢ Support for Essentiality ¢
Plasma 17beta-estradiol concentrations, Redudion | s || o |
Transcription and translation of vitellogenin in liver,Redu¢ List of Key Events, | # | @ |
Plasma vitellogenin concentrations, Reduction includingthe MIE and
Add a Record x
Vitellogenin uptake into oocytes and oocyte growth/dgvel AO
ion©@
Cumulative fecundity and spawning, Reduction Action
17beta-estradiol synthesis by ovarian granulos# cells, Reduction [ lo
Adverse Outcome —  Biological Process/Object®
| Add Adverse Outcome to Table i7 | |
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| Submit |

Population trajectory, Decrease|| » || @ |

. -
.& w



P Wiki Matches OECD
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N Guidance & Handbook  section5b - MIE, KE, and AO descriptions
Environmental Protection
Agency ' ot
AOP page MIE Page KE Pages AO Page
_ _ | Chemical initiator(s) | o
Section 1 —Title 5 it » Description
: * Description * bescription « Measurement/
Section 2 — Authors « Measurement/ * Measurement/ detection
Section 3 - Status detection _(Ij_etectlon_ « Taxonomic
. ' e Taxonomic o ahili
Section 4 — Abstract ;axﬂggg;llif applicability applicability
Background (Optional) PP y * Regulatory
» Evidence for relevance
Section 5a — Summary of the AOP chemical initiation
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Linkage table Section 6 — Scientific evidence supporting the
linkages in the AOP
Key Event Relationships peessssssssnss
/ P : KER Pages
* Title
Applicability domain(s) of the AOP ’ « Description
_ll__lfe-staq_e : « Biological
axgre]?(mlc :Illlllll!lll. plaUS|b|Iity
» Empirical support
Section 7 — Overall Assessment of the AOP * Inconsistencies
and uncertainties
Modified Bradford Hill Considerations « Quantitative

understanding

Section 8 — Considerations for Potential Applications of
the AOP



7EPA

<

United States

Environmental Protection

Agency

Scientific evidence supporting the linkages in the AOP
Evant

2 |Testosterons synthesis by cvarian theca cells. Reduction

k) Gonadetropng, crculating concertratsans, Reduction

ADP Title

Androgen agonism g torep [y
Authors

Dan Villeneuve, U Key Events.

Status Event Step
Alert: The Weig | Gonadotrepins. eirculatng concentrations, Red

these tnbles. Tastostarcne syrdhosis by cvaran theca calls

Undar developn | rayimg 17beta-sstradied concentrations, Reduc

Abstract Transcription and transtation of vitellogenin in I

Thes adverse oulc
reduced cumulaty

Flas:

wiehogenn concentrations, Reductson

Vitalloganin uptake into oocytes and cocyte gn

4 | 1Tbota-sstradiol synthsis by evanan granulosa colls. Reduction
5 |Plasma 17beta-estradiol concentrations, Reduction

6 | Transcrgion and translation of wielogermn i fves, Reduction

Viteliagenin uptaks inta socytes and oocyle growthidevelopmant
Reduction

9 | Cumulateve fecundity and spawning, Reduction
10 | Androgen receptor, agonism

11 |Plasma vitellogonin concontrations. Reduction

thesis by ovarian theca cells, Reduction |

Azsay. The OECI Cumnulatree fecundily and spaemng, Reduction
variables known't | y7beta esiradiol synthesis by ovarian granuloss
recaphos binding 1
S y of G pins, concer
How this Key Event works
Molecular Ini
Laval of Biological Organization
Molecular Initia
Androgen recept  Fonadoiropin (lutenizing hormane [LH] and folli
hataradimaric glycopeoteing compased of & har
and stoeed in secretary vesicles. Gonadatrogin ¢
Androgen re of gonadotropin expressson (2.9, actn, foliksts
How this Hey | Howitis or
Level of Biolog  Citculating concentrations of gonadatroging in by

Site of action T
Responses at th
faciltates dissoc
Homodimenzation
(Clagssens et al

Tindall 2007}

How itis Meas
Methods that hav
established in the
direcily or indineci
Measurement/d
testosterans or D
based transcriptic
10 scréan chemic
reSpaNsve protein
In fish, phenotypi
tubarcles, a dorss
2006; Ankdey ot 3
actiation (Raut ¢

Evidence Sup

Cemmen Hama
Fathead minnow
Medaka

Taxonomic appl
Theretore, this Mi

commarcial of custorn smmunoassays (o g., EL
(Govaroun ot al 1598 Amano et al 2000; Kah «
Birniled number of species, prmanly salmonids |
Beta suburit (fshb) tend to Ructusle m paraliel ix
(Lewavi-Sivan st al. 2010) Consequantly, the twe
valumas relati 10 the sensitnaty of the avadable

Reduction
How Does This Key Event Relationship Work

Biological Plausibility

Theca cell-dermad androgens (e g . testostencne. androstenadeons) ane precursans
e aramatized to estrogens in the evirian granulosa cells. Consequently. reductic
synthesis by thi evaian granulosa cells (Payne and Hales 2004, Millor 1988, Nag

Supporting Applic

Commen Mama Sclantific Name Evidence

A functional hypothalamic-pituitary-gonadal axis
tamoname: apghcabality of this key everd s ity

References

Linkage
Include considaration of femperal concovdance here
= Exvvo T production by ovary issue collected hom lemabe falhead minaws &
exposure (Ekman et 3l 2011). Reductions in ex wo T production preceded sip
= Keloconazole s a ngicde thoughl Lo miibil CYP11A snd CYPT [both wmoby
{Villenauve et al. 2007). Ex vivo E2 and T peoduction were significantty reducer

= Roms DO. 2007, Vertebrale |

» Habibs HR. Huggard OL. 1598. Testosterane
endocnnology 119(3). 339344

» Trudeaw VL. Spanswick D, Fraser EJ, Lariié
fish. Biochamistry and Cel Biology T8 241

= Trudeau VL. 1957, Neuroendocrine regulatiol

» Dakley AE, Cifton DK, Steiner RA. 2005, Ki

» Cheng GF_ Yuen CW, Ge W 2007 Ewidence

a of the Linkage

15 it known how much change i the firsf event is needed fo impact the second? 4
wrirapolation spproaches that help descrbe those mlatonshiss? AL present we a1
indhrect measure of theca cell T syrithesss) and ex vvo E2 production (a3 an indir
support the of such & there are @ rumbed o
sdaptable to SUppON 3 quantitatve understanding of this linkage (Breen e al 200

Uncertainties or Inconsistencies

gonadal sterods. The Jounal of !
= Govoroun M, Chyb J. Breton B. 1998 Immus

of specie ¥
= Amano M, ligo M, Thuta K. Kitamura 5. Yam
and 1202} 1901

Commaon Nama Scientific Mame Evidence Links

= Kah O, Pontet A Nunez Rodiguez J, Calas
A1{1) 6873

= Frat F, Sumpler JF, Tyler CR. 1996, Vialdals
reproductivecycle in male and female rainbey

s Levina-Svan B, Bogerd J, Mananos EL, Gorr
412437

» Sower SA. Freamat M, Kavanaugh S, 2009
new isights from Eampreys, General and co

= Payne AH, Hales DB. 2004. Overvew of steroidogenic enzymes in the pathwa

« Millar WL 1988 Maolecular biclogy of steroid heemone symhesis. Endocrina re

« Nagahama ¥, Yoshicumi M, Yamashita M, Saka N, Tanaka M 1983 Molecul
kR )

» Ekman DR, Villensu DL, Teng G, Ralsion-Hoaper K, Martinavic- Waeigeh [,
axposure and ofpcts assessment of the model androgen 17bota-trenbalons in

« Villenewve DL, Ankley GT, Makynen EA, Bisks LS, Graena KJ, Higley EB, o1,
assays for dentifying endocrine-active chemicals Ecotoxcol Emaon Saf 68(1
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Overall Assessment of the AQP

Overall Assossmont of the AOP
Bivlogical Plausibility

* The bi i of idog and the

» Similarly, the role of E2 a5 the major regulator of hepatic v
concentrations in the plasma and reduced uptake into 6oc

» The direct connechion between reduced VTG uptake and i
impairad VTG uptake Bmits oocyte growth and flure 1o 1
socyte from the surounding follicles. In at least cne exper
sitellogenic ocytes was obsenved (R Johnson, personal ¢
cumulatre fecundity are best supported by the comelaton
initsating everits (Maller et al. 2007)

» A3 present, negatre feedback is the most biologically pla
wilsn exposure of fathead minnow prary tissue to 17i-4rent
those that produce signibcant responses i weo (i.e.. o ng
amy knawn reports of 17B-trenbalone drectly inhibding ste
tranbolone caused a concentration-dependent increases in

Weight of Evidence Summary

AOP Snapshot from the AOP-Wiki

Step Event Description Triggers
Dhrectly Lead

2 | Testastorons synthasis by ovarian theca cells, Reduction h ECEY R Theta-estradiol synthesis by evanan granulasa cells, Reduction
o

5 Directly Lvads 2

3 | Gonadotropins, circulating concentrations, Reduction i Testosterans synthesis by ovanan theca celis, Reduction
o
Dirsctly Leads

4 | 1Tbeta-estiadiol syrihesis by ovanan granulosa cells, Reducbon | "' Plasma 17bela-estradiol concentrabions, Reduction

L

5 |Plasma 17beta-estradiol concantrations, Reduction (chy L sa: sticn and tranglatian of elleganin in lee, Reduction

e
. Directly Loads
6 and translation of genin in Iver, Reduction s : Plasma vitallegerin concentrations. Raduction
k ) /i .
g | Vitellogenin upiake into cocyles and cocyte growih/development, Directly Leads | fecundity snd spewning Rschuction

Raduction (]

concurrent with ncreased of CYP19
enzyme aclty, negatr feedback i cumently the most
exact mechamsms through whech an exogencus, non-arge
& of d o The 0
starting ot and down-stream of reduced T syntheses. However, to dati
wxposure to non-endogencus AR agonists {e.g., xenotwobics, pharms
» Expasise of female fathead minncws 1o the AR agonist 17
cancentrations aver a range fram 0 005 to 0 5 pgl. The e
ndecate concentrabion-dependent diferences in the feedba
gonad slage were nderi, alhough the concentration-res;
[ dapandent raductions in ¢

causing phenctypc masculinization in femals fish
« Jensen et al. (2006) also demonstrated concentration-dep

et al, 2006).

= In a ime-course expenment in which fernale fathead minn
showed concentration-dependent reductions that were cor
» Exposure of female fathead manncws 1o spronclactons, @
cumulatve fecundity, plasma VTG and VTG mRNA expres
sccumulation, and increased cocyte atresia was concents
+ Expasire of female medaka to spirenslactone caused con

Orectly Loats

£ fecundity and spawning, Feduction o Population tragectary, Decreass

10 | Androgen receptor. agonism 2"""" Loads | nadetrapins, circulating concentrations. Rsduction

11 | Prasowa viteiogunin conovatrations. Reductio Directly Leads | ViteBogenin uptake inta cocytes and cocyte growth/developmant

(] Raduction

Essentiality of the Key Events

Molecular Inktiating Event Suppon for Essentiality

Ardrogen recoptoe, agoeism

Kay Event Suppon for Essentlality

Gonadolropns, crculabing concentrabons, Reducticn
Testosterone synihesis by cvarian theca cells, Reduction
Plasma 17Tbeta-estradiol concentrations, Reduction
Transcrigtion and translation of viteBogenin in liver, Reducticn

Plasma wiellogenin concentrabons, Reduction

harmene ware net d). 5 I
Temparal concordance amaong the key svents and advirse
negative feedback response resulting in o ] 17bat

ganin uptake into oocytes and oocyta growth/development Raduction
Curmmlatres becundily and $pawning, Reducton

Biosynthesis and proceeding through reductions in plasma witello]
vitellogenin has net baen establishad, in larga part due to disconr
repreductive toxicity testing can spawn anywhere from once daly
sealuate cumulative fecundty at & tim scals shonar than reughly
exposure, kack of smpact on cummlatyve fecundity before the olher
concordance can reasonably be evaluated based on cumently ava
Consistancy Wa aa awars of no £3zas whars the pattam of ke,
vanabibly in the curnustive fecundity endpoint and pelential comy
Eloman et al. 2012). the cumulatwve fecundity endpoint can be les
of the final adverse outcome when the other key events are chaer
thiz AQOP overlap with ADPs linking cther molacular intiating evel
= In general, there rs 3 consistent body of ewdence lnking ¢

and cumulatve fecundity in fernale fish, For example, the
replicated in over 3 dazen indepandent expenments (Ekmi
2006; Brockmaeier o1 al 2013) However, relativaly fow exor
{Laloer ot 2013, wir are not aware of the prafibe of resg

Unconaintios, inconsistancios, and data gaps: Then acs two.
a5 10 the specific mochanismis) theough which AR agonism alicit
data gap relathe 1 establishing that exposure to an AR agonist
major uncenainty in this AOP relates 1o whithes there is a direct
fecundily. Plausible biclogical conmections have been hypothesia

tradiol symbesis by ovanian granulosa cella. Reduction

w I gureral, few studses have dinsctly addressed the essentialty of the poposed sequence of key ivents
« Ekeman st al. 2011 provide svidence that in fathead minnew, cessation of trenbolona expesure resulted in recovery of plasma E2 and VTG concentrations which ware
depressed by continucus exposure to 1Theta trenbolone. This provides some suppor for the essentiality of these twa key events

= Essantiality of the proposed negative feedback kay event is supponied by experimental work that evaluated the ability of AR sgonists to reduce T or E2 preduction invitre. In
witra expasure of {athead minnow ovary tissue to 1T[-trenbolone or spironalactone does not cause reductions in T or E2 synthesis at concentrations comparable to those that

produce Signiicant espanses in v (ie., &

;DL Villansuve,

Weight of
Evidence

Strog
Strong
.Slsong
Strong
Strong
.Mndllrilll‘
Moderate
Veak

Moderato

data; C & LaLone unpublished data). nor are thare any knawn

meports of 1Tf-trenbalone dinectly inhibiting steroid biasynthesis Whon tested in an in vitro stercidogenasis assay using HI95R adrenal cascinama cells, trenbolons caused a
concentration-dependent increase in estradiol production, 83 opposed 10 3y reductions in steroed hormone concentrations, an eflect that was concurrent with increased

tranzcnption of CYF19 (aromatase) in the cell hne (Gracia &1 . 2007)
Quantitative Considerations

Step Event Description

2 | Testasterona synthesis by ovarian theca cells, Reduction IU"“W Laudz
o
Directy Loads

31 | Gonadetropins, circulsting concentrations, Reduction ia

1Toeta-estiadiol synihesis by ovanan granulosa cells Directly Leads
Reduction to

Triggers

1Tbeta-gstradiol synihesis by ovanan granulosa cells
Raduciicn

Testosterona synthesis by ovarian theca cells, Reduction

Plasma 17bota-estradiol concentrations, Reduction

Quanthative
Understanding



SEPA AOP-Wiki Status

ntal Protectic
/\qency

- 41 AOPs as of September 1, 2014
—8* with documented evaluation of evidence
—4 with descriptions of all/most components
—22* with components defined
—8 stubs

- New code & template release September 2014
—Will be consistent with updated AOP Handbook

- Public access starting September 25, 2014

- Office of Research and Development
Chemical Safety for Sustainability Research Program
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AOP Networks

Quantitative AOPs
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Using AOPs for Informed Decisions
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AOP Confidence + Testing Data ->
Regulatory Decision Making

A

Weight of evidence (WoE)

Strong
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Class itiating Response Response Response Response
Event Weak
Key Event
Essentiality Direct Test
Chemical Data Exists

Information

Taxonomic
Applicability

Exposure/
ADME

Inference
Possible

Research
Needed

B C

\ Chemical
Class

’

\/,/

e Chemical T::llﬁ:'l';'na{ Cellular Organ Organism Population
// Class Eient B Response Response Response Response

Mnlecu ar
Cellular
Initiating e
Event P

Organ Organism Papulatlcm
Response Response Response /)

Key Event Key Event
Essentiality Essentiality
Chemical Chemical
Information Information
Taxonomic Taxonomic
Applicability Applicability
Exposure/ Exposure/
ADME
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Agency

- Any interest in hiring a very talented scientist currently completing
postdoctoral work in my group, please contact

—Shannon Bell, Bell.Shannon@epa.gov

- Anyone interested in a postdoctoral position in my group, please
contact me (Edwards.Stephen@epa.gov) or see the following ad
— http://orise.orau.gov/epa/applicants/description.aspx?Jobld=14771

—Google search: orise epa aop stephen edwards

Research Opportunity Description

Bioinformatics Approaches to Grouping Chemicals Using
High-Throughput Screening Data

Research Participation Program

Office of Research and Development

National Health and Environmental Effects Research Laboratory
U.5. Environmental Protection Agency

Research Triangle Park, NC

- Office of Research and Development
Chemical Safety for Sustainability R h P
emical Safety for Sustainability Research Program EPA-ORD/NHEERL-ISTD-2014-01
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AOP WiKi

Collaborative development of AOP

descriptions & evidence
e Qualitative, text-based descriptions
ISR ey of an AOP in a structured environment
* Focus is on documenting the weight of
evidence in support of the AOP
« Synchronized with the OECD
guidance and handbook documents
* Online only access to encourage
crowd-sourcing of AOP development
Intermec » Interfaces with the AOP Xplorer to

Effects D\ provide AOP information in a network

chemical-related context

AOP components

in a regulatory .
context Third party

Applications,
plugins




Effectopedia
Detailed development of
structured & computational AOPs
» Visual interface for design and collaborative\:
editing of AOP and chemical case studies
« AOP structure guidance is embedded in the
system
» Ability to store and process quantitative

.» information, including formal description of
test methods, algorithms and models along

OECD with their applicability domains and
verification methods

» Provides offline editing capabilities and
robust capabilities for managing data access
« Embeds the concept of AOP networks
directly in the system _
Third party

* Provides capabilities for sharing, Applications.
discussing, and reviewing AOPs plugins
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Intermediate Effects DB
Put chemical-related AOP QP Xplorer
components in a regulatory context  \plize attribute
« IUCLID repository for AOP information Totr%ﬂécposver&
Based on OECD Harmonized p broader
Templates (OHTSs) B
Will profit from new OHT for
"Intermediate Effects"
Manages observations and conclusions
concerning the nature and extent to
which a chemical triggers an
Intermediate Effect
Links chemical information to AOPs
Rich source of quantitative Third party
data for Effectopedia Applications,

plugins
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Intermediate

Effects DB
Put
chemical-related
AOP components
in a regulatory
context

AOP Xplorer
Visualize attribute networks to
discover & explore AOPs

In a broader context
Allows user to explore AOPs in a
network context based on shared

key events

Provides additional bioinformatics
analysis tools for annotating key
events and traversing the network
Incorporates putative AOP
information and facilitates AOP
discovery

dplications,
plugins




AOP Xplorer

e Explore AOPs in a network context based on the shared key
events.

Search for shared key events between AOPs or chemicals.
Nodes and edges are clickable, that displays their attributes
on the same page.

Export AOP network into feature rich visualization and
analysis tools such as Cytoscape.
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chemicals can reduce serum T4 in animals as well - ) . A Maloof, F and Hldgw
as some evidence in humans (for review, see ) ' pharmacology in the
ooper et al., 1983).
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AOP-KB Hub

Central hub for all shared
information among the AOP-KB
components

Operates via web services for
maximum flexibility in

iImplementation of the other
modules and to provide access for
third party tools
Based on established chemical,
biological and toxicological
ontologies unified by a
specifically-designed AOP ontology _
; Third party
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