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- Provide overview of current and future states of non-
testing development & application

- Review application of AOPs and scientific confidence
framework

- Show examples of non-testing approaches to AOP
informed Integrated Approaches to Testing and
Assessment (LATA)- skin sensitization and genotoxicity

- Exploiting bioactivity data for read-across - Generalized
Read-Across combining chemistry and biology data

National Center for
Computational Toxicology
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“ER\  Sustainable chemistry

- Design and use of chemicals that minimize impacts to
human health, ecosystems and the environment

- Chemicals need to be evaluated for:
-their toxicity to humans and other species
-environmental persistence

- potential formation of toxic products as a result of
biotic and abiotic transformations

- "Non-testing approaches” could be helpful




&EPA  Continuum of non-testing approaches
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Activity = Function

Properties of a chemical and how it will interact with a
defined system are inherent in its molecular structure

Chemical grouping (Qﬁ

Less Formalized .
in structure More Formalized
in structure

National Center for
Computational Toxicology




“EPA  The (Q)SAR concept
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SAR: qualitative association between substructure(s) and
the potential of a chemical to exhibit a biological effect

O Reproductive
R1 |/ \| r2| B toxicity
R4 R3 po1‘en1'ial
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SAR: qualitative association between substructure(s) and
the potential of a chemical to exhibit a biological effect

O
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R4 R3

R2

Reproductive
toxicity
potential

QSAR: statistically established correlation relating
quantitative parameter(s) derived from chemical
structure or determined by experimental chemistry to a
quantitative measure of biological activity

Log (1/EC3) = 0.25+ 0.28*LogP + 0.86* Rs*
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“EPA  The (Q)SAR concept
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SAR: qualitative association between substructure and
the potential of a chemical to exhibit a biological effect
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R2

Reproductive
toxicity
potential

QSAR: statistically established correlation relating
quantitative parameter(s) derived from chemical
structure or determined by experimental chemistry to a
quantitative measure of biological activity

Log (1/EC3) = 0.25+ 0.28*LogP + 0.86* Rs*

Expert systems: packaged (Q)SARs for ease of use

National Center for
Computational Toxicology




“EM\ . Chemical grouping approaches

Agency

="Analogue approach” grouping based on a very limited
number of chemicals (e.g. farget substance is "like"
source substance). Commonly "expert-driven”.

="Category approach” grouping based on a more extensive
range of analogs (e.qg. larger data sets).

="Read-across” is data gap filling using e/ther an analog
or category approach
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Mechanistically a Black Box: Not fransparent
but fast..

National Center for
Computational Toxicology




SEPA  AOP - framework for developing non-
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s testing approaches differently....

Adverse Outcome Pathway

N
Macro-Molecular Cellular Organ Organism Population
Toxicant Interactions Responses Responses Responses Responses
Receptor/Ligand Gene Altered Lethality
Interaction Activation Physioclogy . Structure
Chemical DNA Binding Protein Disrupted Deve gﬁim Recruitment
Properties Brotei Production [®| Homeostasis [* e | Recruitme
rotein mpaire R
Oxidation Altered Altered Tissue Reprupductiun Extinction
Signaling Development
or Function Cancer
Protein
Depletion
/
IE 1KEH1 KE _"HEHE KE _"'KERH_I KE _"'KEHH
o 1 - nﬂl - n -

An AOP represents existing knowledge concerning the sequence of events
and causal linkages between initial molecular events, ensuing key
events and an adverse outcome at the individual or population level.

National Center for
Computational Toxicology
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“EPA Emerging conceptual approach for non-
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testing development and application
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Molecular
Initiating
Events
(MIEs)
QSAR QSAR
Chemistry/ Systems

Biochemistry Biology

1. Identify Plausible MIEs
2. Explore Linkages in Pathways to Downstream Effects
3. Develop QSARs to predict MIEs from Structure
or characterize other KEs as SARs

National Center for 10

Computational Toxicology




SEPA  Applications of AOPs

- The three main applications of AOPs are:

- Developing Integrated Approaches to Testing and
Assessment (IATA)

- Group chemicals into chemical categories to
facilitate read-across

- Informing test method development & refinement

11
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the application of AOPs (GRACE)

Develop the AOP

Develop new (or map existing) specific assays to key events within the AOP

Conduct (or document) Analytical Validation of each assay

Hlwi|—

Develop new (or map existing) models that predict a specific key event from one or
more pre-cursor key events. (The input data for the prediction models comes from the
assays described in Steps 2 and 3 above.)

Ol

Conduct (or document) Qualification of the prediction models

Utilization: defining and documenting where there is sufficient scientific confidence to
use one or more AOP-based prediction models for a specific purpose (e.g., priority
setting, chemical category formation, integrated testing, predicting /n vivo responses,
etc.)

For regulatory acceptance and use, processes need to be agreed upon and utilized to
ensure robust and transparent review and determination of fit-for-purpose uses of
AOPs. This should include dissemination of all necessary datasets, model parameters,
algorithms, etc., to enable stakeholder review and comment, fully independent
verification and independent scientific peer review. Whilst these processes have yet
to be defined globally, in time, these should evolve to enable credible and transparent
use of AOPs with sufficient scientific confidence by all stakeholders.

Patlewicz et al (2015) Regul Toxicol Pharmacol. 71(3):463-77.

National Center for
Computational Toxicology
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United States
Environmental Protectior

sensitization AOP

(OECD, 2012)
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Properties Event Response Response Response
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’ 1. Skin g : =N

Penetration (7 presentatonor ) (&0 Alergi Cortact

— 3-4. Haptenation: 5-6. Activation haptenated protein by inflammation
substance: modification of keratinocytes & in activation & to substance dueto T

National Center for
Computational Toxicology

Key Event 1 Key Event 2 + 3 Key Event 4
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- Mapping methods to key events

Agency
gthemtlcal Molecular Cellular
ructure Initiating Event Response
& Properties
Key Event 3

Metabolism
Penetration

ﬂ

Electrophilic
substance

National Center for

Key Event 1

Direct Peptide
Reactivity Assay
(DPRA)

QSARs

Computational Toxicology

Dendritic Cells (DCs)

e human Cell Line
Activation Test
(h-CLAT)
¢ Mobilisation of DCs

Key Event 2

Keratinocyte responses

« Activation of inflammatory
cytokines
» KeratinoSens

=

Organ Response

Key Event 4

T-cell proliferation

Organism
Response

» Histocompatibility
complexes presentation
by DCs
¢ Activation of T cells
« Proliferation of activated
T-cells

Adverse
Outcome

¢ Inflammation upon
challenge with
allergen
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SEPA  Related Work: Data Generation
ToxCast HTS screening

Agency
ToxCast™
Advancing the next generation of chemical safety evaluation

A major part of EPA's CompTox research is the Toxicity
Forecaster (ToxCast™). ToxCast is a multi-year effort
launched in 2007 that uses automated chemical screening
technologies (called "high-throughput screening assays") to
expose living cells or isolated proteins to chemicals. The
cells or proteins are then screened for changes in hiological
activity that may suggest potential toxic effects and
eventually potential adverse health effects. These innovative
methods have the potential to limit the number of required S| ‘i 4_-'&”_'5

laboratory animal-based toxicity tests while quickly and “a -4 _\\ = _\.> - L
-:l 2/ g %

efficiently screening large numbers of chemicals. : iy a ﬂ i

Cha IIFE’ S ing Pd m
Creeni
Qnling Cumiluler Ul'-mlE G als

Chemical Prioritization and hnnl‘t-aﬁam Hurnan Hoakth Elrecrs

ToxCast data is starting to help inform chemical prioritization.

* EPA's Endocrine Disruption 5creening Program has already

started the scientific review process needed to begin using Compare 10 Database of

o i mmed!g‘Sh:dms (ToocFigMDA)
ToxCast data to prioritize the thousands of chemicals that 30 years/52 bilion of animal tests
need to be tested for potential endocrine-related activity. How ToxCast Fits Into CompTox Research

National Center for
Computational Toxicology
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EPA  AOP Wiki
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Community AOP Development

J>|'"|C

gency

science in ACTION

www.epa.goviresearch INNOVATIVE RESEARCH FOR A SUSTAINABLE FUTURE

CHEMICAL SAFETY RESEARCH: ADVERSE OUTCOME PATHWAYS

Key Event
Relotionships

¥ ':':_'
p i
Moleculor Adverse
lmj Initiating . Outcome
Event Key Events

National Center for
Computational Toxicology
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AOP Wiki

Community AOP Development

A e e e T N e Y e

Relationships Among Key Events and the Adverse Outcome

Y s e S Y

E ¢ - |p iption & Tri N Weight of Quantitative
ven escription riggers
e h = ¥ | Evidence Understanding
e Directly Leads |17beta-estradiol synthesis by ovarian granulosa
Aromatase, Inhibition ) Strong Moderate
to cells, Reduction
17beta-estradiol synthesis by ovarian granulosa Directly Leads |Plasma 17beta-estradiol concentrations,
) i Strong Moderate
cells, Reduction to Reduction
. ) ) Directly Leads |Transcription and translation of vitellogenin in
Plasma 17beta-estradiol concentrations, Reduction _ } Strong Moderate
to liver, Reduction
) . ) ) Directly Leads . )
Cumulative fecundity and spawning, Reduction 4 Population trajectory, Decrease Moderate Moderate
o}
Vitellogenin uptake into oocytes and oocyte Directly Leads ) ) ) )
. Cumulative fecundity and spawning, Reduction Moderate Moderate
growth/development, Reduction to
) ) ) ) Directly Leads |Vitellogenin uptake into oocytes and oocyte
Plasma vitellogenin concentrations, Reduction ] Moderate Weak
to growth/development, Reduction
Transcription and translation of vitellogenin in liver, |Directly Leads ) ) ] ]
Plasma vitellogenin concentrations, Reduction Strong Moderate

Reduction

to

National Center for
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Level of
Organization

AOP Wiki
Community AOP Development

Macro-
maolecular

Cell/Tissue

Organ/Organ
System

Individual

Population

Community

AQP Diagram

. Aromatase i
~ Inhibition

Reduced E2
synthesis

Circulation
Reduced E2
concentrations

Docytas
- Reduced VTG
. uptake, impaired
development

Hepatocyte
Reduced VTG
expression and

production

Circulation |
Raduced VTG
concentrations

- ] e e

Community

Food-web

alterations

National Center for
Computational Toxicology
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SEPA Implement TIATA-SS in a Pipeline tool for re-use
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B Profiker jcalled by QiR Tookbac) - IATA-85 4 |

Scheme View Tagetis] dpply Teols Bt
H E i{; .;:L:! @ @ =i-" :3-}.. -..--.-1r:+|-. aork: 2TAET00A 20T A

. Al e In vivo 5SS data/Chemical form
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Reactivity profile

Dlpiain,
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Supporting data/models

National Center for
Computational Toxicology




“EPA

United States

Mechanistic basis - SAR Profiler for

~| Protectior

cysteine depletion

woha_barts carbarsy (OmOcUNoL s poenme
ivomat [ Aétoes Do

U A VLI T
LTGRO (b
e deides
G, il i
s
Lrmmter wied i
rd e
5 L el
Ry
Lk e
W 3l .
Lo st it BT
T BT

Perears cmtegiry Halasacms

oo Depiving SARs from
chemicals tested in an

assay characterizing
the MIE

| Slehod scorpron me Skl o myie Londs ok deinos wgb@ vy abupomt ek o cabon] o Mebed rpe sddon ol smeme of skt sl Sovmateon, 0 an sk oplde centm, vt o e mes Do sbbeim of 2 e deoglals
camtakr place acron a double or wiple cabon-carbon bond it s sftached o o baghly polacied mebutifornt that pormits the ol nepatiochy charped rassision vse ko be stsblioed

Compoumsis wity dowsbis or ypds e aclisceng 10 & O ok groop G S caos skislycs-cwbomd group s we kecwn w1 o wasrersed cortond compomnds . Mackepldes wil undepe conjagans aidnom we teem CH0-goup peoomedy afecrs the rescmny
el il Bl Pooiiai e ol ancophles i coaagihs Ml rinetion Wil Buids oap-sat

Azy af- st ied aldebredey can pobental act by e Sciell base mpchases

B, =K Ciy'] Clg) RByw .0C,C,5 N

[
| T vl moechawurs of merscnon of te imcnorsl e w51 proap of Cysivse prptde m Surrated below

Sk !

P |

‘o e 1.1,- g

=TT

L S e
e [y

CIT] a-

Relevanien:

L Aptda A, Bobot D Mechamnss: spplicablity doman £ sonsssal baed prociction ¢

2 Eebers W, Pallewss s, Kena P, Gatbank B Kasbei |, Dearan B Byma C A

by § . Baskener A Pawn [, Kimbeor |, Strucnane sciviry seltionsieps in din O
ermsitiration ming e oo locsl aph sode asiey, Toxcokegy, 1995, 103, 177154 i

4 Paewicr G, Baskenes DA, Saith TK., Hoscides § AM., Roberis DY, Sin
ermatination e tar ety sclatiomiaps for akdcbrrdo, Comtact Dermatith, 1001, 44

o Bebens [VW | Palewis G, Medhissen hussd iuotire. setviry selatioaibap. for s
rmsilisation —the carboun] grocy domain SAR and (JSAR i Emivasntd Revearch, 1

6 Camnills K Seil® Pogse, From woncbactic chomlry md mdabolnm, o befter profichion &

P Cols B Somlh, Sharon AN Hoachichs, Aberpc Tomao Dot Cheocal and Mie oy

1 - L He - k- - -

National Center for
Computational Toxicology



“EM\  IATA for genetox - work in

progress

Level | A Level | B Level IT A Level Il B Level lIC Level Il
in vitro in vitro in vivo in vivo in vivo in vivo
Mutagenicity Mutagenicity Genotoxicity Mutagenicity Mutagenicity Mutagenicity
Bacterial Mammalian Liver Liver Liver Bone Marrow

(Ames-59) (CA, MLA) (comet, UDS) (TGR) (CA, MNT) (MNT)

Structuring a non-testing workflow taking into
account the capability of each test system

In witro [No 59) In witro (with 59) in viva (liver] In wivo remote tissues || In vivo remote tissues
models miodels somatic cells sﬂmaﬂﬂ_ CE "5 germ cells
'“-ﬁ‘lﬁf: , e ﬁ-ﬁ‘lES-E_E‘_ - TGR in In.-:?r . TGR in Eff-'l ______________ DNA mutagencity
n‘IutaEEnlvtlw mutﬂﬁ&l‘llk‘lh‘ rmutagencity mutagencity |
Mutagenicity in prokaryotes
LS, comet S
R I i A I DA bow
genatoricity | EEEOALY
Ca CA-59 CA, MNT MNT in BM Dominant _
mutagamnicity —> mutagenicity ] - mutagenicity | - mutagencity = athal it 170" DNAS pratein
mutagenicity
Mutagenicity in cularyotes
National Center for Petkov et al (2015) Reg Tox Pharmacol 72(1): 17-25

Computational Toxicology



= .. Current work on read-across
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- Develop a systematic approach for read-across and
evaluate its performance:

- Local validity approach - similarity weighted activity of
nearest neighbors across different descriptor spaces
(chemical, bioactivity and a hybrid)

- Establish baseline performance and quantify uncertainty

- Extend and refine to codify expert insights - as
derived from e.g. SARs.

National Center for
Computational Toxicology




wEPA .
Generalized Read Across

. Generalized Read Across (6enRA) - refinement of
the Chemical-Biological Read-Across (CBRA)

Integrative Chemical-Biological Read-Across Approach for
Chemical Hazard Classification

Yen Low' ¥ Alexander Sedykh', Denis Fourchest, Alexander Golbraikht, Maurice Whelan/,
Ivan Rusyn?’, and Alexander Tropshat’

. Predict toxicity as a similarity-weighted activity
of neighbors across different descriptor spaces:

k o __tox
tox __ Ej Sin]
I ka o
a = {chm,bio, b} S

I1 . . . . . . s . .
Where x| in this case, is the in vivo toxicity of chemical j

Shah et al, in prep

National Center for
Computational Toxicology
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SEPA  Software development in progress
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SEPA  Software development in progress
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SEPA  Using chemotypes for clustering
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SEPA Now Investigating Public Resources:
Coinmerial Protetor Chemotyper & ToxPrint Chemotypes
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Chemotyper allows visualization of

. ) —== ToxPrint feature set designed
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- Future non-testing approaches could be constructed into IATA
underpinned by AOPs

- 2 case studies for skin sensitization and genotoxicity investigated

- We believe read-across within category and analogue approaches
could be enhanced with mechanistic information - either through
AOPs or from bioactivity information

- Software tools are in development and will allow for expert
judgement using existing SARs or new SARs from chemotypes

National Center for
Computational Toxicology
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