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Environmental EDCs

Endocrine Disrupting Chemicals (EDCs) in
aquatic systems

|

Disruption of development, sexual
differentiation, reproduction

|

Risks for aquatic species

{

Hazard and risk assessment posed by EDCs to aquatic species ?

|

Species-specific mechanism-based
bio-assays
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Detection of Endocrine Active Substance, acting
through estrogen receptors, using transgenic

cyp19alb-GFP Zebrafish EmbrYos
(EASZY)
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What is EASZY?

* A zebrafish-specific mechanism-based
quantification of the estrogenic activity of chemicals in fish early life

stages (4-dpf old zebrafish)

in vivo assay allowing

* Use of transgenic cyp19a1b-GFP zebrafish (Tong et al., Genesis 2009)

* cypl9albis:

* a ER-regulated target gene coding for brain aromatase
(PA50AroB) (Menuet et al., J. Comp. Neurol. 2005)
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What is EASZY?

* A zebrafish-specific mechanism-based in vivo assay allowing
quantification of the estrogenic activity of chemicals in fish early life
stages (4-dpf old zebrafish)

* Use of transgenic cyp19a1b-GFP zebrafish (Tong et al., Genesis 2009)

* cypl9albis:

* a ER-regulated target gene coding for brain aromatase
(Menuet €

Treatment of zebrafish embryos to EE2 from 0 to 5dpf

5dpf  Control EE2 0.02nM EE2 0.1nM EE2 0.5nM
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What is EASZY?

* A zebrafish-specific mechanism-based in vivo assay allowing
quantification of the estrogenic activity of chemicals in fish early life
stages (4-dpf old zebrafish)

* Use of transgenic cyp19a1b-GFP zebrafish (Tong et al., Genesis 2009)
* cypl9albis:

* a ER-regulated target gene coding for brain aromatase
(Menuet et al., J. Comp. Neurol. 2005)

* extremely sensitive to (xeno)-estrogens (vosges et al., Aq.
Toxicol. 2010, Reprod. Toxicol. 2012)

* |Is exclusively expressed in Radial Glial Cells (pellegrini et al.,
J. Comp. Neurol., 2007)
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What is EASZY?

* A zebrafish-specific mechanism-based in vivo assay allowing
quantification of the estrogenic activity of chemicals in fish early life
stages (4-dpf old zebrafish)

* Use of transgenic cyp19a1b-GFP zebrafish (Tong et al., Genesis 2009)

* cypl9albis:

* a ER-regulated target gene coding for brain aromatase
(Menuet et al., J. Comp. Neurol. 2005)

* extremely sensitive to (xeno)-estrogens (vosges et al., Aq.
Toxicol. 2010. Reprod. Toxicol. 2012)

GFP faithfully mimics the endogenous brain Cyp19alb expression

Hoescht Cyp19alb GFP MerIe
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Principle of the EASZY assay

@Spawning

@ Collecting,
Cleaning eggs.
Selection of

fertilized eggs
with normal development

@ N= 20 eggs per test condition &
Start of exposure (< 4 hours hpf)

Q0 oo®oo oo

Mass spawning in 100L aquaria

with 60-100 male: female
fish (ratiofrom 1:1 to 2:1)

® Image Analysis
and data
processing

001
tionsof EE2 (nM)

Substance

Water Solvent Positive
control control control

2883598 889 83069888 (9883858 839

0882998 859 880698 389 (2883698839 883998 839

Crystallizer (25 ml of water)

® In vivo
Fluorescence
imaging

@ 96 hrs of Incubator 27+ 1°C,
exposure 14 hrs light photoperiod
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Transfer of post-hatched larvae in

multi-well Fluorescence slides
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Application to chemical screening (>60 chemicals)

ER ligands

* Hexestrol, Diethylstilbestrol , 17a-Ethynylestradiol ,
17B-Estradiol, Estrone, Estriol

» Zearalenone, a-Zearalanol, a-Zearalenol, B-Zearalenol
Genistein, 4',7-Dihydroxy-iso-flavone

*4-n-nonylphenol, 4 nonylphenol (mixture of isomers),
4-tert-octylphenol, 4-tert-pentylphenol

* Methoxychlor &
1,1,1-Trichloro-2,2-bis(4-hydroxyphenyl)ethane (HPTE),
o,p'-DDT, Endosulfan, Chlordecone,

*BPA and substitutes

e Benzophenone and its derivatives

/ AR ligands \

* Testosterone,, 17a Methyl-
testosterone,

*11 KT-testosterone
Dihydrotestosterone,

\17[3-trenbo|one /
\

4 PR ligands

* Progesterone,
* Medroxyprogesterone,
levonorgestrel, norethindrone,

ibolon rel
\t bolone, desogestre )
~ N
MR ligand
 Spironolactone,
- y,

GR ligands

 Corticosterone, dexamethasone

e
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« Negative » compounds

* Acetone, methanol, ethanol,
potassium permanganate
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SER-dependent induction of GFP expression by substances

ER ligands

Brion et al., Plos One 2012
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Modelling concentration- responses curves & Quantification of

the estrogenic potency
25 4
20 A

15 ~

10 +

DES

Modelling using Hill model

zearalenone

a-zearalanol

a-zearalenol

Fold induction above control

0 e

-zearalenol

Genistein

0.00001 0.0001 0.001 0.01

0.1

1 10 100 1000 10000

Concentrations nM

» Effective Concentrations EC,
Example of EE2:
EC;p =13 pM
EC,,=3 pM
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In vivo Relative Estrogenic Potency

EC.,test chemical

REP .., =36

REP=




ER-dependent induction of GFP expression by various
substances

EE2 0.05nM

NOR 0.01pM +ICl

LNG 0.1uM + ICI

NOR 0.01pM

< EC

NET= Norethindrone

N= Levonorgestre

}
ANR PROOFS 2013-2016 &
Occurrence and effects of J:jéjj :
Progestins in aquatic environment U T e

30,5aNET 3p,50NET 30,50-LNG 3p,5¢-LNG

3a,5a- and 3B,5a-tetrahydro derivated of NET and LNG are estrogenics in mammalian models
(Larrera et al., 2001, Garcia-Becerra et al., 2002)
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Overview of the substances detected by EASZY

Non aromatizable
androgens

Aromatizable
androgens

O A |
! ! l

Pro-estrogens

Agonist ligands
of ER

Xenobiotic Cytochrome Other
. metabolizing P450 Steroidogenic
enzymes aromatase enzymes
\ pathways

glial cell context \

Dioxine-like

Antagonist
compounds | ‘

ligands
of ER

From Brion et al., PloS GFP

One 2012 _
Zebrafish cypl9alb promotor Reporter gene
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Application to mixture effects

 Binary or multi-compounds mixtures of ER agonists tested at fixed ratio
concentration in EASZY (Brion et al., Plos One 2012, Petersen et al., Aquat. Toxicol.,

2013)
* CA &IA models can predicted the combined effects of ER ligands
EE2+E2+E1 BPA+OP+E2 BPA+OP+E2+EE2
1‘0 -
~ 2 ‘_‘B—Observed data
gc'g 1 L ——CA
8 E 1--1A
Qo
R
&
o
10-'° 10°* 10" 107 : 10°¢ 10°* 107 10-* 10
mol/L mol/L mol/L

Collaboration with KE Tollefsen & K Petersen (NIVA); S. Scholz E & Fetter (UFZ)

e Deviations from the CA / IA models
* high concentrations of BPA+OP+E2+EE2
* antagonism of E2+ Genistein at low concentrations (PNRPE, MIXEZ)

INERIS
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Toxicological relevance of brain aromatase disruption ?

Neurogenesis
EDCs

ial glial cell

From Kah et al., 2011

1

Radial glial cells = progenitor cells of neurons
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Toxicological relevance of brain aromatase disruption ?

Vitellogenin
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Log (EC10) EASZY ASSAY

Brion, unpublished data
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Conclusions

* Provides mechanistic information: activation the ER-signalling
pathway in vivo while considering the biodisponibility and
phamracodynamics of test chemicals.

* Provides toxicological relevant information regarding the brain
development (neurogenesis) by measuring a true brain-specific

response

e Could provide predictive information regarding the
reproductive effect of substances
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Conclusions and future works

 EASZY as an in vivo screening assay in fish

e sensitive, specific, rapid, cost-effective

* |ow sample volume

e guantification of in vivo estrogenic activity
ECx, REP

in vivo

 Under validation at the OCDE
e Acceptance of the EASZY test to the OECD working program (May 2013)
e Validation program accepted by VMG-eco expert group (October 2013 )

* 15t phase of the validation plan in 2014 (5 laboratories) ®
OCDE
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