Summer School “/n Silico Methods for Food Safety”
Parma, June 14t 2017

Alternative methods to animal testing:

== the LIFE-EDESIA in silico-in vitro approach
O PARMA to Endocrine Disruptors
=, Stefano LORENZETTI
Wi efsa - stefano.lorenzetti@iss.it

European Food Safety Authority

life.edesia@iss.it

ISS - Istituto Superiore di Sanita
Department of Food Safety and Veterinary Public

Health

S

UNIVERSITA : X 2

2 CATTOLICA %k &£
“\&/ del Sacro Cuore



mailto:stefano.lorenzetti@iss.it
mailto:life.edesia@iss.it

OUTLINE

v Why alternatives to animal testing

v Endocrine Disruption and adverse effects

v Endocrine Disruptor (ED)-screening: mechanism-based versus effect-based

v' The in vitro LIFE-EDESIA approach:
computational prioritization

plus
in vitro testing by ED-dependent, biomarker-based, cell-specific bioassays

FERIO,

Y INvS O

TUT,
.:;ﬁ\‘ O



OUTLINE
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THE 3Rs PRINCIPLE or WHY ALTERNATIVES ?

Russell & Burch - The Principles of Human Experimental Technique
Methuen ed, London, 1959 - http://altweb.jhsph.edu/pubs/books/humane_exp/het-toc

REPLACEMENT REDUCTION REFINEMENT
Methods which Methods which Methods which
avoid or replace minimise the minimise suffering
the use of animals number of animals and improve
used per animal welfare
7 experiment 7 7

v' The principles of the 3Rs (Replacement, Reduction and Refinement) were
developed over 50 years ago as a framework for human and animal research.

v They have subsequently become embedded in national and international
legislation regulating the use of animals in scientific procedures.

David Henry Smyth - A/fernatives to animal experiments
Scolar Press [for] the Research Defence Society, 1978 -
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WHY ALTERNATIVE METHODS TO ANIMAL TESTING ?

v Biological research (46,1%)

v Research and development in human and veterinary medicine
(21,7%)

Quality controls of pharmacological products (13,9%)
Assessment of toxicological effects (8,8%)
Education and training (1,6%)

\ Topi 61,0%

O <. 14,05 } Rodents 75% About 11,5 million

-
*
_ Animali a sangue freddo 12,5% anlmals used
S uccelis,o%
8P conigli3,1%

B caviel5%

AN NN

- Artiodattili e perissodattili 1,3%

|
‘ Altri Roditori 0,5%
il

: Altri mammiferi 0,1%

Scimmie 0,1% — * EU data 2013
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WHY ALTERNATIVE METHODS TO ANIMAL TESTING FOR ENDOCRINE DISRUPTION ?

> EU regulatory framework

The EU has introduced specific legislative obligations aimed at phasing out endocrine disruptors
in water (Water Framework Directive 2000/60/EC), industrial chemicals (REACH Regulation
2006/1907/EC, Food Contact Materials Regulation 2011/10/EU and following amendments, ...),
plant protection products (Plant Protection Products Regulation 2009/1107/EC) and biocides
(Biocidal Products Regulation 2012/528/EU).

» Importantly, EU regulations strongly recommended the use of in vitro alternative (to animal
experimentation) methods, at least as a prioritizing screening approach to identify endocrine
disrupting properties of Endocrine Active Substances (EAS).

» REACH Regulation

= In REACH, Endocrine Disrupting Chemicals (EDCs) are considered of similar regulatory concern
as Substances of Very High Concern (SVHC).

= REACH also calls for the progressive substitution of the most dangerous chemicals (referred to
as SVHC) when suitable alternatives have been identified.
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WHY ALTERNATIVE METHODS TO ANIMAL TESTING FOR ENDOCRINE DISRUPTION ?

1907/2006/CE

- case-by-case

ENDOCRINE DISRUPTORS
as SVHC - Art.57f e ss.,
138.7: All. 11 - 12.6

¥

equivalent concern to:
CMR, , PB1, vPvB
(Art. 57 a-e)

h

ANNEX X1V
Substances of Very High

Concern - SVHC

[ REACH Regulation ]
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WHY ALTERNATIVE METHODS TO ANIMAL TESTING FOR ENDOCRINE DISRUPTION ?

» Endocrine Active Substance / EAS : “a substance having the inherent ability to
interact or interfere with one or more components of the endocrine system resulting

] in a biological effect, but need not necessarily cause adverse effects.”

[ REACH Regulation
EFSA . 2013; 11(3):3132
» Endocrine Disruptor / ED : “An endocrine disrupter is an exogenous substance or

1907/2006/CE
‘case—by—case

mixture that alters function(s) of the endocrine system and consequently causes
adverse health effects in an intact organism, or its progeny, or (sub)populations.”

WHOV/IPCS 2002 — Weybridge definition
> “EDs are EASs causing adverse effects mediated by endocrine mechanisms”

ENDOCRINE DISRUPTORS

as SVHC - Art.57f e ss.,
Rovida C, De Angelis I, Lorenzetti S. ALTEX 30, 2/13

138.7; All. 11 - 12.6
equivalent concern to:
CMR, , PBT, vPvB v’ .., currently available definitions of “endocrine disrupter” are either neutral in
(Art. 57 a-€) terms of specifying the toxicological relevance of the effects to be described, or
‘ they introduce the idea of adversity.
v. WHAT ADVERSITY SHOULD MEAN IN AN ENDOCRINE CONTEXT
ANNEX XIV v At the core of this dilemma is the fact that “endocrine disruption” cannot
Substances of Very High presently be anchored to specific assay outcomes in a straightforward way.
Concern - SVHC STATE OF THE ART  ASSESSMENT OF  ENDOCRINE  DISRUPTERS,
ec.europa.eu/environment/endocrine/.../summary state science.pdf
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OUTLINE

v Endocrine Disruption and adverse effects
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E.D-related adverse health effects: T'DS syndrome

» Testicular Dysgenesis Syndrome (TDS) in humans
exposure 7in utero to environmental factors (anti-androgenic compounds) in Western Europe and USA are responsible

of male infertility and associated-diseases/malformations.

Environmental factors
incl. endocrine disrupters
Impaired germ cell —3» REDUCED SEMEN

Disturbed —
/ Sertoli cell function differentation \ QUALITY
ClS — TESTIS CANCER

A
TESTICULAR A ' Pr% epithelial cells (prostatic fluid)

DYSGENESIS
Androgen —Pp HYPOSPADIAS

T T \ Decreased / insufficiency \

Leydi Il fi ti
eydig cell TUnclion ™~ Decreased —3» CRYPTORCHIDISM
INSL3 expression

‘.....

Genetic defects
e.g. 45, X/46, XY, point mutations
Adapted from Skakkebaek NE et al., 2001, Human Reproduction 16: 972-8

» or «phthalate syndrome» in experimental rodents

Fisher, Reproduction 2004
Sharpe and Skakkebaek, Fertil Steril. 2008
Martinez-Arguelles et al., JSBMB 2013

SERIOp,
& X

UT,
c.;g\’f I'o
: Qf.-\?vg &



KD-related adverse health effects: what a mixture!

Percent Affected

Percent Affected
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«Phthalate syndrome» (rodent TDS)

and pesticides:
the role of EDC mixtures

a cumulative, dose addictive effects

of different anti-androgens
(binary combinations)

Rider et al. Toxicol. Pathol. 2009



ED-related adverse health effects: obesity pandemics

» Obesogenic EDCs (including BPA and DEHP)
in experimental in vivo models and in humans (?)

Heindel et al. Environmental Health (2015) 14:54

DOl 10.1186/512940-015-0042-7 L NVIRONMENTAL HEALTH

COMMENTARY Open Access

Parma consensus statement on metabolic &~
disruptors

Heindel et al., Env. Health 2015, and refs therein

Grun and Blumberg, Endocrinology 2006
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Summary and conclusions
The Parma workshop helped to focus this emerging field

by developing an overarching hypothesis for the role of |
environmental chemicals in the current worldwide epi-
demics of obesity, diabetes and related metabolic dis-
eases. We hope that the consensus statements will aid in

Exeanding understanding of the pﬂssible role of meta-

bolic disruptors in these epidemics and have identified
research needs in order to provide more relevant data
on the role of environmental chemicals in these diseases.
The objective is both to indicate the strength of the
current data and to provide a roadmap for further studies.
A coherent, enhanced research agenda will help identify
strategies to prevent metabolic diseases through actions
that can be taken by individuals as well as public health
_agencies. History shows that prevention is always the best

strategy. Increased understanding of the importance of the
metabolic disruptor hypothesis to the epidemics of obesity
and metabolic syndrome offers the potential for these
diseases to be mitigated by modifying exposures,
thereby creating a healthier environment for future

generations.
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v Endocrine Disruptor (ED)-screening: mechanism-based versus effect-based

G\\:\)V.R] O/O}‘

Nys1©

Eat I'o
.{-{;



CURRENT «ALTERNATIVES» FOR ENDOCRINE DISRUPTION : mechanism-based approaches

T \
Adverse : :
| Molecular |
Outcome £ © Initiating -| Organelle Cellular Tissue Organ Individual Population
xposure
| Event | effects effects effects response response response
Pathway - - ~

== /N vitro screening:
so far, mostly applying at GENE REPORTER ASSAYS

RE SCIENCE AND POLICY REPOARTS
T —

EURL ECVAM Status Report on the

Development, Validation and Regulatory

Acceptance of Alternative Methods and

Approaches (2013-April 2014)
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CURRENT «ALTERNATIVES» FOR ENDOCRINE DISRUPTION : mechanism-based approaches

( h
Adverse : :
| Molecular |
Outcome E © Initiating -| Organelle Cellular Tissue Organ Individual Population
xposure
| Event | effects effects effects response response response
Pathway | (MIE)

== /N vitro screening:

m i } SO far, mostly applying at GENE REPORTER ASSAYS

. In vitro Nuclear Receptor binding & regulation of gene transcription (gene reporter assays)
—— IS SUFFICIENT TO DEFINE...

EURL ECVAM Status Report on the

e o and ety | ' > AN ENDOCRINE ACTIVITY ?

Approaches (2013-April 2014) p . . . . .
NO, if an endocrine activity is a Mode-of-Action

WHO/IPCS 2002 — Weybridge definition
STATE OF THE ART ASSESSMENT OF ENDOCRINE DISRUPTERS (EC )

V ——

16



CURRENT «ALTERNATIVES» FOR ENDOCRINE DISRUPTION : mechanism-based approaches

Adverse
Outcome
Pathway
(AOP)

-._\ﬁ

EURL ECVAM Status Report on the
Development, Validation and Regulatory
Acceptance of Alternative Methods and
Approaches (2013-April 2014)

| Molecular |
Exposure . Initiating -

h

Organelle Cellular Tissue Organ Individual Population
Event | effects effects effects response response response
(MIE)

== in vitro screening:

so far, mostly applying at GENE REPORTER ASSAYS

In vitro Nuclear Receptor binding & regulation of gene transcription (gene reporter assays)
IS SUFFICIENT TO DEFINE...

» AN ENDOCRINE ACTIVITY?

NO, if an endocrine activity is a Mode-of-Action

WHO/IPCS 2002 — Weybridge definition
STATE OF THE ART ASSESSMENT OF ENDOCRINE DISRUPTERS (EC)

» AN ADVERSE EFFECT ?
NO, because a binding to a Nuclear Receptor (or its transcriptional regulation)
does not define any cellular output(s) in terms of ADVERSITY

17



CURRENT «ALTERNATIVES» FOR ENDOCRINE DISRUPTION :

an example of a mechanism-based mistake: the case of the anti-androgenic phthalate DEHP

In vitro screening of EDs by any Androgen Receptor (AR)-gene reporter...

Adverse

Outcome

Pathway
(AOP)

l [ |
Molecular

Initiating gg| Organelle
Event effects
(MIE)

Exposure
|

*

AR-gene reporter assay

d

Iigan. .

Cellular Tissue Organ
effects effects response

(=

NR
inhibitor
tein

1
1
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1
1
__.._>

binding
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7 protein

AAAAA

transcriptional activation

Part of a

Mechanism of Action

SO -

Fy ~'5.y

Fincl. toxmogenomlcs)

T~

cell fu‘ction

ode of Actio

Effect-based
functional markers

changed

Part of a

molecular markers:

mMmRNA, miRNA, proteins, metabolites

-== it Will detect a lack of
binding to AR

(no activation of AR-mediated
gene transcription)

BUT it will never detect

its already known Mode-of
Action: anti-androgenicity !

Adapted from Lorenzetti and Narciso, 2012
DOI: 10.1039/9781849735353
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v' The in vitro LIFE-EDESIA approach:
computational prioritization
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The overall LIFE- EDESIA approach - 1. computational prioritization
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Compilation of 3 different lists of already existing alternatives of the LIFE-EDESIA
compounds of interest
(phthalates/DEHP, bispheols/BPA, parabens/methyl parabemn)

CHEMICO-PHYSICAL PROPERTIES

(e.g., solubility by the ACD/Solubility DB and lipophilicity by the octanol-water partition coefficient LogP and by
the apparent partition coefficient D for dissociative systems Log D) assessed on phthalates, bisphenols and
parabens, and their potential substitutes, listed on www.iss.it/life (data available on request)

TOX PROPERTIES

(e.g., cancerogenic, mutagenic, binding to nuclear receptors) assessed by tools implemented in the VEGA platform
on phthalates, bisphenols and parabens, and their potential substitutes, listed on www.iss.it/life (data available
on request)

QUANTITATIVE STRUCTURE-ACTIVITY RELATIONSHIP (QSAR)

performed on phthalates, bisphenols and parabens, and their potential substitutes, listed on www.iss.it/life, versus
selected NRs, namely AR and ERa, using i) a CART model also implemented in the VEGA platform, ii) SARpy model
developed on the basis of the CERAPP (Collaborative Estrogen Receptor Activity Prediction Project) dataset, iii) the
German Federal Environment Agency (UBA) ED-scan for ER and AR binders, and iv) the Estrogen Receptor Binding
and the rtER Expert System ver.1 - USEPA profilers available to investigate Eds in the OECD QSAR application
Toolbox (data available on request)

MOLECULAR DOCKING

performed on phthalates, bisphenols and parabens, and their potential substitutes, listed on www.iss.it/life, versus
selected Nuclear Receptors (NRs), such as the Androgen Receptor AR, the Estrogen Receptors ERa and ERb (data
available on request), and on the Peroxisome Proliferator-Activated Receptor PPARg (in progress)




SUMMARY OF INSILICO
PROJECT RESULTS 1

v' In silico selection (by Benfenati group in Milan and Cozzini group in Parma) of alternatives to be tested

ln Vltro--- A
| Action A.1 >\
tion B.1
Preparatory (A) Action B.2
& Implementing (B) | Action B-b
| Action B.4,§
| Action B.5 S
| Action B.6 >
AN

LIFE-EDESIA

Actions

—
COMPILATION OF 3 DIFFERENT LISTS OF ALREADY EXISTING AL TERNATIVES
OF THE LIFE-EDESIA COMPOUNDS OF INTEREST:

PHTHALATES n - 55
BISPHENOLS n - 27

PARABENSn - 18
| Action E.3 )

Completed Actions and whole project-running Actions are depicted in pale blu arrows.
Actions highlighted in red are in progress, whereas those ones not yet started are in

| Action E.2
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pale grey arrows.
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SUMMARY OF INSILICO
PROJECT RESULTS 2

v In silico selection (by Benfenati group in Milan and Cozzini group in Parma) of alternatives to be tested

in vitro...

Preparatory (A)
& Implementing (B) ] ction B.?B
LIFE-EDESIA [ Action B 4,3

Actions
| Action B.5
| Action B.6 >

CHEMICO-PHYSICAL PROPERTIES

(e.g, solubility by the ACD/Solubility DB and lipophilicity by the octanol-water partition coefficient ZogPand
by the apparent partition coefficient D for dissociative systems Log D) assessed on phthalates, bisphenols and
parabens, and their potential substitutes, listed on www.iss.it/life

(data available on request)

TOX PROPERTIES
(e.g, cancerogenic, mutagenic, binding to nuclear receptors) assessed by tools implemented in the VEGA platform on

phthalates, bisphenols and parabens, and their potential substitutes, listed on www.iss.it/life

(data available on request)
Completed Actions and whole project-running Actions are depicted in pale blu arrows.
Actions highlighted in red are in progress, whereas those ones not yet started are in

pale grey arrows.
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http://www.iss.it/life
http://www.iss.it/life

SUMMARY OF INSILICO
PROJECT RESULTS 3

v In silico selection (by Benfenati group in Milan and Cozzini group in Parma) of alternatives to be

tested in vitro...
I Action A.
: Action B.1 z
Action B.2
ction B.:’B

Preliaratory.' (2)( )
& Implementing (B) ]
LIPE-EDESIA [Action 2> N
| Action B.5
| Action B.6 >
QUANTITATIVE STRUCTURE-ACTIVITY RELATIONSHIP
(QSAR)

performed on phthalates, bisphenols and parabens, and their potential substitutes, listed on www.iss.it/life,
versus selected NRs, namely AR and ERa, using: i) a CART model also implemented in the VEGA platform,

ii) SARpy model developed on the basis of the CERAPP (Collaborative Estrogen Receptor Activity

Prediction Project) dataset, iii) the German Federal Environment Agency (UBA) ED-scan for ER and AR

binders, and iv) the Estrogen Receptor Binding and the rtER Expert System ver.l - USEPA protfilers available
to investigate EDs in the OFCD QSAR application Toolbox
(data available on request)

Completed Actions and whole project-running Actions are depicted in pale blu arrows.
Actions highlighted in red are in progress, whereas those ones not yet started are in

G}fei?,m O/l’{,\
pale grey arrows.
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SUMMARY OF INSILICO
PROJECT RESULTS 4

v' In silico selection (by Benfenati group in Milan and Cozzini group in Parma) of alternatives to be

tested in vitro...

ction B.:’B ,S

Preparatory (A)
& Implementing (B) ]
LIFE-EDESIA | Action B.4
Acti o
ctions | Action B.5 S

| Action B.6 >

[: 1 \
MOLECULAR DOCKING

performed on phthalates, bisphenols and parabens, and their potential substitutes, listed on www.iss.it/life,
versus selected Nuclear Receptors (NRs), such as the Androgen Receptor AR, the Estrogen Receptors ERa
and ERP and the Peroxisome Proliferator-Activated Receptor PPARYy

(data available on request)
Actions E—
| Action E.1
| Action E.2
Action E.3

Completed Actions and whole project-running Actions are depicted in pale blu arrows.

@QXLRJ()/{@
Actions highlighted in red are in progress, whereas those ones not yet started are in

2

pale grey arrows.
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The overall LIFE- EDESIA approach: computational prioritization

in silico toxicological selection of potential substitutes of the LIFE- EDESIA chemicals of
concern (phthalates’'DEHP, bispheols/BPA, parabens/methyl paraben)
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Preparatory (A)

& Implementing (B) ]

LIFE-EDESIA
Actions

I | Action A.1 >

Action B.1

Action B.2
Action B.I;B

| Action B.4
Action B.5 S

| Action B.6 )

[T a3 N

Phthalates

(eg DEHP) \ \ \ v

alternatives n=55 5 In progress, at 1SS, in comparison to
reference molecules (e.g. DEHP)

Bisphenols

(eg BPA)

alternatives n=27 3 In progress, at 1SS, in comparison to
ref. molecules (e.g. BPA)

Parabens

alternatives n=18 4 In progress, at ISS, in comparison to

pale grey arrows.

ref. molecules (e.g. methyl paraben)
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in vitro testing by ED-dependent, biomarker-based, cell-specific bioassays



The overall LIFE- EDESIA approach - 2. testing
by ED-dependent, biomarker-based, cell-specific bioassays

T'he AIM To characterize in vitro, in multiple ED-targeted human cells, if the alternatives identified in previous
actions are “less toxic” considering their endocrine disrupting properties.

Cell specific endpoint: Molecular endpoint:
Cell aspecific endpoint: Functional Assay — Phenotypic anchoring gene expression of Nuclear
Cell Viability = prostate: PSA secretion Receptors of interest
(MTS assay) » trophoblast: BhCG secretion (qPCR)

» liver: intracellular lipid accumulation and AFP secretion

Gene reporter assays
AR-, ER-, PPAR-gene reporter assays
(OECD and/or IHCP-JRC guidelines and/or protocols under the validation programme) ®

® OECD guidelines for the testing of chemicals http://www.oecd.org/env/ehs/testing/oecdguidelinesforthetestingofchemicals.htm
JRC-THCP website http://ec.europa.cu/dgs/jrc/index.cfm : eg, the “Performance-Based Test Guideline for Stably Transfected Transactivation In Vitro Assays to
Detect Estrogen Receptor Agonists” (OECD TG 455); the “BG1Luc Estrogen Receptor Transactivation Test Method for Identifying Estrogen Receptor Agonists

and Antagonists” (OECD TG 457).

c;‘""‘"“r”/f»;b v" Lorenzetti S, Mantovani A. 2014. Reproductive and Developmental Toxicity Testing: issues for 3Rs
= v implementation. In: Reducing, Refining, and Replacing the Use of Animals in Toxicity Testing (Chapter 12,
% P & pp- 330-347), edited by Dave G Allen and Michael D Waters, RSC Publishing, Cambridge (UK); 27

DOI:10.1039/9781849737920-00330.



http://www.oecd.org/env/ehs/testing/oecdguidelinesforthetestingofchemicals.htm
http://ec.europa.eu/dgs/jrc/index.cfm

The overall LIFE- EDESIA approach - 2. testing
by ED-dependent, biomarker-based, cell-specific bioassays
Cell specific endpoint: Molecular endpoint:
Cell aspecific endpoint: Functional Assay — Phenotypic anchoring gene expression of Nuclear
Cell Viability = prostate: PSA secretion Receptors of interest
(MTS assay) = trophoblast: BhCG secretion (qPCR)
= liver: intracellular lipid accumulation and AFP secretion
The METHODS

Within the three model systems will be used in parallel an approach based on the use of three cell-based assays:
a) cytotoxicity/cell proliferation test (by MTS assay, a metabolic-based assay relying on mitochondrial functionality) that
will assist to distinguish if the changes observed in the other tested endpoints (b. and c.) are cell specific or merely due to

cell damages;
b) assessment of gene expression (by real time RT-PCR) of a set of nuclear receptors (NRs) known molecular mediators of

the actions of parabens, bisphenols and phthalates;
c) “phenotypic anchoring” by measurements of clinical-, physiologically-relevant endpoints: to allow the assessment of

the physiological relevance of detected change in NR gene expression by the measurement of cell specific cellular
biomarkers already employed in clinical practice and well recognized as endocrine endpoints modulated by both

28

endogenous and exogenous hormone-like stimuli.
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The overall LIFE- EDESIA approach - 2. testing

by ED-dependent, biomarker-based, cell-specific bioassays

Cell aspecific endpoint:
Cell Viability
(MTS assay)

Cell specific endpoint:
Functional Assay — Phenotypic anchoring

= prostate: PSA secretion
» trophoblast: BhCG secretion
liver: intracellular lipid accumulation and AFP secretion

Molecular endpoint:

gene expression of Nuclear

Receptors of interest
(qPCR)

The EXPERIMENTAL MODELS

= Lorenzettietal., 2010, Reprod.Toxicol. 30:25-30; Lorenzetti et al., 2011, Ann Ist Super Sanita. 47(4):429-44

> trophoblast, to investigate ED estrogen receptor (ER)-mediated effect on the placenta and hence the transgenerational
effects on nutrient exchange between mother-child

=  Morcketal., 2010, Reprod.Toxicol. 30:131; Lorenzetti et al., 2011, Ann Ist Super Sanita. 47(4):429-44

> liver, to investigate multiple ED nuclear receptor (NR)-mediated effects on the programming of the metabolic syndrome.

= Grassellietal., 2013, Chemosphere. 91(8):1123-9

> prostate, to investigate ED androgen receptor (AR)-mediated effects on the male reproductive system
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BEING MORE «ALTERNATIVES» FOR ENDOCRINE DISRUPTION : effect-based approaches

Adverse o WHICH BIOMARKERS TO SCREEN
Outcome Exposure | InIiEt\ilzg?g | Ogg;rg:slle Ce?flflel‘(l;ltzr ‘|}ifssue O’r)gan Indir\)/idual Popl;lation FOR:

P h : e : effects response response response

( /ito;;ay . _(_ _ ‘)_ y » AN ENDOCRINE ACTIVITY 2

» AN ADVERSE EFFECT?

:jigan. @
/&Q.nhﬁ'ﬁmr \ Effect-based ‘

functional markers cell-specitic, clinically relevant,
hormone-dependent biomarkers of
P

3 LIFEFEDESIA estS
"/ ﬁ‘-\' .
” o &

changed
cell fugction X
1 » PSA secretion — androgen disruption
Part of a in prostate epithelium

ode of Actio

> BhCG secretion — estrogen

transcriptional activation N ‘l' disruption in trophoblast-like cell
molecular markers: (placenta)
mMmRNA, miRNA, proteins, metabolites ) .
Part of a P » AFP secretion — metabolic

Mechanism of Action . . o
(incl. toxicogenomics) disruption in liver

\Qi LRIO), /f(\
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OUTLINE

v Why alternatives to animal testing
v Endocrine Disruption and adverse effects

v Endocrine Disruptor (ED)-screening: mechanism-based versus effect-based

v' The in vitro LIFE-EDESIA approach:
computational prioritization

plus
in vitro testing by ED-dependent, biomarker-based, cell-specific bioassays

v Let’s go to the end
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Biomarker-based, cell-specific bioassays as the best screening approach
to build an Adverse Outcome Pathway for Endocrine Disruption - 1

In vitro model ( \ rE%l'nEn'g' to NR3 Altered 4 Al
impinging on - | hormone (AR tered PSA
(LAPC4 & LNCaP EDs " AR-mediated | | intranuclear | | Or other KLKs .
prostate | signalingg | localization secretion —» Altered semen quality
epithelium) l :
N— /N _ . J
7 N/ T N\ 4 ) a
Adverse ( Molecular
Outcome - Initiating ! Organelle Cellular Tissue Organ Individual Population
Pathwa y Exposure | Event | effects effects effects response response response
o (MIE) ]
(AOP) L. s J\ y .
In vitro model Cimongion [normone | [Ateredbhs
( BeWo EDs Ao ik secretion Altered trophoblast
AR-mediated intranuclear di S
=li | signalingg | localization ——»  differentiation/
trophoblast-like . signalingg maturation
cells) . J NS
. rEél'nan'g' to NR& Altered ( )
In vitro model impinging on | hormone (AR Altereq['AFP ﬁlter:d fettal-a_c'I[u}!t
HuH EDs - AR-mediated intranuclear SECIENIoN epatocyte switc
(HuH6 signalingg - | localization P or delayed hepatocyte
fetal : | differentiation / Adapted from
( . /U maturation )
hepatocytes) e - o Lorenzetti et al., Annals 2015
Monolayers and 3D-cultured cells STOP here :E ,
SRR Co-cultured cells & organoids can eventually STOP here
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Biomarker-based, cell-specific bioassays as the best screening approach

to build an Adverse Outcome Pathway for Endocrine Disruption - 2

In vitro model
(LAPC4 & LNCaP

prostate
epithelium)

Testicular
Dysgenesis
Syndrome
(TDS)

Adverse
Outcome
Pathway
(AOP)

ARIC
CF})QT: )/l’@

UTc
<WTUTO
Ny S

ya

PSA secretion test

Lorenzetti et al., Annals 2015

rBinding to NR$\ Altered
impinging on | hormone (AR} | | Altered PSA
EDs - AR-mediated | intranuclear | | [Or other KLKs Alterdd semen quality
! signaling | localization secretion
\ :
e — ~
/ Disturbed Impaired Reduded semen quality \
Environmental Sertoli germ cell
factors celf functiom—Pdifferentiation
i Cis —jtestis cancer
incl. EDs N Testicular Male
and/or D)_/sgenesm R_epro_ductlve
Sindrome impairment
Genetic defects
Decreased .
(e_.g.,45,X(46, [ eydig Androgen Cryptdrchidism
point mutations) cell functiom insufficiency
\ A Hypogbadias /
( ........ \ ~ I
' Molecular |
E - Initiating | Organelle Cellular Tissue Organ Individual Population
Xposure |
! Event effects effects effects response response response
g |
e /' w I\
Adapted from

JRC TECHNICAL REPORTS

Expert survey on identification of
gaps in available test methods for
evaluation of endocrine disruptors

Srephanse Bopp, Magorzets
Nepeiska, Maries Halder and
Sharon Munn

201

1 L

Data gaps for anti-
androgenicity in male
accessory glands
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Biomarker-based, cell-specific bioassays as the best screening approach
to build an Adverse Outcome Pathway for Endocrine Disruption - 3

Integrating the LIFE-EDESIA Endocrine-based Screening using Cell-specific, ED-targeted Functional Biomarkers (C,
D) within the Testicular Dysgenesis Syndrome (B) as an Adverse Outcome Pathway (A).

;H\:?“Rl O@A

U,
syiUTo

“inys 1S

(A) Adverse Outcome Pathway (AOP)

T oy . -
. | E\_/ent<_) R | Efett sugll Effetti Effetti sui Risposta degli Risposta Risposta della
Esposizione |. attivazione | organelli . . . Lo .
] . . cellulari tessuti organi individuale popolazione
l molecolare :| intracellulari
e ~
Pathway of Toxicity (PoT)
Mode of Action (MoA) >
< Adverse Outcome Pathway (AOP) >
(B) The Tiered Protocol for Endocrine Disruption (TiPED)
N
Sostanza LIVELLO 1 LIVELLO2 LIVELLO 3 LIVELLO 4 LIVELLO5
chimica Valutazioni basate High Throughput o T R
h . - Valutazione in vitro Valutazione in vivo Valutazione in vivo
in esame su calcoli Screening (HTS) - . I
A . R S su cellule su pesci e anfibi su mammiferi
come IE computazionali in vitro & in vivo Y
(C) Strategia di screening in silico-in vitro per gli Interferenti Endocrini (IE) del progetto LIFE-EDESIA
LIVELLO 2 )
Sc;]s_tapza Valut I.‘I\./ELLOtl ionali- Valutazioni in vitro su cellule:
chimica ) s alu a_znom_cgm;?u azng_na It » Screening mediante biomarcatori clinico-tossicologici
in esarInEe docki Icrelenlng VII': uatf "?eN'arl‘ € & OSAR di effetto, ormone-regolati e cellula-specifici
come ocking molecolare su Recettori Nucleari & Q (Functional Assays) )
(D) Strategia di screening in vitro per gli Interferenti Endocrini (IE) del progetto LIFE-EDESIA
FUNCTIONAL ASSAYS v" LNCaP (epitelio prostatico) — secrezione del PSA
(mediante biomarcatori di effetto, ormone-regolati e cellula-specifici) » v BeWo (trofoblasto) — secrezione della BhCG
in linee cellulari umane rappresentative di tessuti bersaglio ormonale v HuH6 (epatocita fetale) — secrezione della AFP
J
r - L] - L] L L] L] - L] - L] - L] L - L] - L] - L] - L] N

v AR — EURL-ECVAM TM 2010-07

. GENE REPORTER ASSAYS
. sui principali Recettori Nucleari bersaglio v" ER — OECD TG-455 or ECVAM TM2009-02/MELN
k delle sostanze chimiche di interesse in LIFE-EDESIA v' PPAR — PPAR-CALUX

L4

Adapted from
Lorenzetti et al., Annals 2015

34



TAKE HOME MESSAGEs

> About prioritisation and testing:
= Always remind the limitations of your favourite alternative assay to animal testing

= Always remind the concept «fit-for-purpose» not only to test your hypothesis but also to
dismiss a wrong application of a test method

= Try to develop new screening methods as closed as possible to the (human)
physiological reality
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