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Exposome

Exposome is a concept corresponding to the totality of exposures to external and environmental factors that
a human organism undergoes from conception through in utero development to the end of its life,
complementing the effect of the genome.

Exposome g xposome-wide aSsociatipp,
endogenous Studije ~
@® exposure < AA”
fint

Cellular toxicity Jl -Adverse

People M
exogenous \pathway organis™ — health
exposure @ Cell organ — outcomes

e

Air, Food - - Ad
/ : verse Outcome Pathwa AOP
Water m «—‘—9 TS d
 \ Ly DA ;’;;;:f;}( gel‘ a
Consumer A= Organism ~>'fo.p“-~> & x*:f?.
product 7 _af'on ecosystem
N Molecular \oq, TOXIC effects
Initiating O
Indoor Event oF
N 600
! Classic®
Environ-
ment

Environmental pollutants Escher et al., Environment International, 2017




Danger and risk

Métaphore du lion
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Adverse Outcome Pathways (AOPs)

Conceptually, an AOP can be viewed as a sequence of events beginning with the initial
interactions of a substance with a biomolecule in a target cell or tissue (i.e., a molecular
initiating event), continuing through a dependent series of intermediate events, and
ending with a negative outcome.

https://aopkb.oecd.org/

Molecular Adverse
Initiating Event Outcome



https://aopkb.oecd.org/

Adverse Outcome Pathways (AOPs)
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Conceptual digram of key features of an adverse outcome pathway (AOP)

1.

objectives
2
3.
4,

(Ankley et al., 2010)

Structure and integrate information on chemicals from the initiating event at the molecular level

to the observed adverse effect

To guide the implementation of testing strategies in order to develop, prioritize and justify

targeted tests
Establish the causal links with the observed toxic effects

To develop an approach by categories of chemical substances




Adverse Outcome Pathways (AOPs)
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objectives 1. Structure and integrate information on chemicals from the initiating event at the molecular level
to the observed adverse effect

|- 2. To guide the implementation of testing strategies in order to develop, prioritize and justify
targeted tests

Establish the causal links with the observed toxic effects

To develop an approach by categories of chemical substances



Adverse Outcome Pathways (AOPs)

AOP wiki
New tool for developing and documenting adverse event pathways
Facilitates knowledge sharing

wiki : acronyme de « What | Know Is »

AOP Wiki:
information storage, evaluation, and linkage

http://www.aopwiki.orqg/

Publically accessible since September 2014
www.aopwiki.org
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Adverse Outcome Pathways (AOPs

AOP wiki
New tool for developing and documenting adverse event pathways
Facilitates knowledge sharing

wiki : acronyme de « What | Know Is »

Welcome to the Collaborative Adverse Outcome Pathway Wiki (AOP-Wiki)
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Adverse Outcome Pathways (AOPs)

AOP wiki
New tool for developing and documenting adverse event pathways

wiki : acronyme de « What | Know Is » Facilitates knowledge sharing
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Adverse Outcome Pathways (AOPs)
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Conceptual diagram of key feuatures of an adverse outcome pathway (AOP)
(Ankley et al., 2010)
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The Integrated Testing Strategy (ITS)

Définition

* method integrating hazard assessment information from several sources

* built with the 3Rs principle in mind

* allows the evaluator to determine the need for additional testing

Objectives

*  Promote the use of data from alternative methods and reduce the need for animal

testing

* Use integrated approaches to testing and evaluation (IATA)
(set of data collection, testing and evaluation methods integrating data from different levels: in vitro,

in vivo, in chemico, in silico, physicochemical)

(IATA : Integrated Approches on Testing and Assessment)

Example

AOP : Skin sensitization

13



Allergic contact dermatitis: a type IV hypersensitivity reaction

é Sensitization phase:
e 10 to 15 days
* Asymptomatic
dependent on:
* the nature of the hapten
* the dose
é Elicitation phase
* 6 to 72 hours after contact
* Symptoms
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d’aprés Saint-Mezard et al., Eur. J. Dermatol. (2004).
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AQOP of skin sensitization

AOP

(OECD)

??7?7?
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AQOP of skin sensitization

AOP

(OECD)

Migration 7
Of DC

d’apres Kimber et al., Tox. Sciences (2011)
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AQOP of skin sensitization

AOP Chemical Molecular Oraganism
Structure & Initiating Reg onse
(OECD) Properties Event P

Migration
Of DC

D|ssem|nat|on

d’apres Kimber et al., Tox. Sciences (2011)
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AOP of skin sensitization: alternatives methods

Chemical Molecular -
AOP Structure & Initiating IE» g égaglssrg
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AOP of skin sensitization: alternatives methods

Chemical
AO P Structure &
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D’aprés Reisinger et al., Toxicology in Vitro (2015)
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ITS : example of selected strategy

2out3n’ 3

2out3n’ 2

2out3n’ 1

DPRA + SENS-IS DPRA + h-CLAT SENS-IS + h-CLAT

i AN AN
@O DO 0O |00 GO 0P 00 0O 0

Not selected ﬂ ﬂ ﬂ

h-CLAT SENS-IS DPRA

o g/ e e o e

{E}: Negativeresult

{-IE}: Positive result or equivocal

E. Clouet, S. Kerdine-Rémer, PJ. Ferret. Toxicology in Vitro, 45 (2017): 374—-385

« 2 out of | « 2 out of |« 2 out of
3» 3» 3 »
n°1 n°2 n°3
2 tests to
conclude 29/33 25/33 23/33
3 tests to
conclude 4/33 8/33 10/33
Total of
tests 70 74 76
performed
%.increase . A% 8%
in tests
Estimated
180-280 k€ | 190-280 k€ |280-380 k€
total costs

Selected test sequence
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BUT....
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Screening of molecules ?

Classification ?
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How to integrate all the KEs of the AOP into a single tool?

KE1 - Initial events

KE2 - Nrf2 pathway
and gene expression

etoxification enzymes

Basal state (immature dentritic cell) Induced state (activated dendritic cell)

KE3 - Modulation of
the phenotype

Inducers - Electrophiles (@) (and/or) Oxidants (@) ' - CDsy u'CDaa

_ &
O
©9
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KE2 : Nrf2 pathway and gene expression

Key Event 1
Key Event 2

Basal state (immature dentritic cell)

» Activation of
inflammatory
cytokines

* Induction cyto-

protective gene
pathways

Keratinocytes

Cytosol

v" Production of ROS
v Depletion of GSH

Oxydative stress

7

=X
Nrf2 pathway?

. (==

—

d’apres Chen et al., Diabetes Metab J. (2014) -

s
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KE2 : Nrf2 pathway and gene expression

Nrf2 fold induction in comparison with vehicle
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KE3 : Modulation of THP-1 phenotype

Dendritic cells (DCs)
(.

Induction of ) = . IHOUCars (ew)

inflammatory Protsoson .
cytokines and i
surface molecules

\ ° Mobilization of DCs )

|

Cell surface markers CD54/CD86 ?
Modulation of the response by
inflammatory cytokines?

Key Event 3



Modulation of THP-1 phenotype
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KE4 : Proliferation of LT

AOP

(OECD)

Lymph node

\_

Histocompati
bility
complexes
presentation
by DCs

Activation of
T cells

Proliferation
of activated

Organism

Response

Skin (epidermis)

Inflammation upon
challenge with
allergen

T-cells
¥

Key Event 1
Key Event 2
Key Event 3
Key Event 4
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KE4 : Proliferation of LT

PBMC

Basal state (immature dentntic cell)

Induced state (activated dendntic cell)

Measurement of lymphocyte proliferation

by flow cytometry
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KE4 : Proliferation of LT
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Integrated KEs
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CONCLUSION

Basal state (immature dentritic cell)

/1 ayr= . o
= Antioxidant proteins

etoxification enzymes

Induced state (activated dendritic cell)

Inducers - Electrophiles (I) (and/or) Oxidants (@) l -CDg,

[| - coge

—
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KE1 - Initial events

KE2 - Nrf2 pathway
and gene expression

KE3 - Modulation of
the phenotype
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CONCLUSION
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The THP-1 cell toolbox: a new concept integrating the key
events of skin sensitization
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