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% EuroMix

Real life: Combined exposure via the diet

» Consumers are exposed to complex mixtures of:

- food contaminants and/or
- active substances of pesticides

» Toxicological testing is performed for individual substances

4 )
h There is a need to develop methods
for toxicological testing of mixtures
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Possible combination effects of substances A and B
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How do test mixtures effects in an in vitro approach?

EuroMix — Bioassay toolbox and mixture testing

= dentify optimal in vitro models for liver toxictiy, devel. tox, endocrine

effects

= define a bioassay tool box — to refine cumulative assessment groups
(CAGS)

= test combined effects of chemicals having similar and dissimilar MoA

= |dentify optimal test battery (with cellular and molecular endpoints)
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Approach: setup a Bioassay toolbox based on Adverse
Outcome Pathways (AOPs) for mixture testing

AOPS Mechanisms
MoA

endpoint test substances
1st round

Bioassay
Toolbox

coverage

Which events are
covered by the
bioassay toolbox?

Which test systems
can adress which
MoA?

selection of optimal bioassays for
individual
endpoints/AOPs/mechanisms
,-7( BfR

EFSA-RIVM 18-05-2016
undesinstitut fiir Risikobewertung Symposium

W‘



AQOP for liver steatosis

Molecular Organelle Cellular | Tissue

% EuroMix

Molecular Adverse
initiating event Key events outcome
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»1/ Identify set of target genes by gPCR:

Nuclear receptor

activation:

reporter gene assays

DNA-Arrays (transcriptomics) and gPCR arrays

verify on protein level: proteomics
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Liver in vitro model: HepaRG cells %EuroMix

= human hepatocellular carcinoma cell line

= retains many characteristics of primary human hepatocytes

= form bile canaliculi structures

= expresses CYPs, Phase Il enzymes, hepatic drug transporters and
nuclear receptors

= peneficial in vitro test system for hepatotoxicity studies
day 6 | day 28

4 pile canaliculus

h hepatocyte-like cells

e epithelium-like cells
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differentiate »into hepatocyte-like
and biliary-like cells within 28 days
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Triazoles as model substances

system
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Widely used fungicides with common mode of action
Mode of action: Inhibition of the ergosterole synthetase (CYP51)
Known target organs (chronic exposure): liver; endocrine
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Detection of nuclear receptor % FuroMix
activation by reporter geene assays

Molecular initiating event in AOP liver steatosis:
Nuclear receptor activation (LXR, PXR, PPARYy, AhR, FXR, CAR, GR, RAR)

Cyproconazole activates PXR

Nuclear activation 1
receptor inhibition |
CAR-CYP2B6/CAR PXR-CYP2B6/PXR LXRa/FXR
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Detection of nuclear receptor % FuroMix
activation by reporter geene assays

Molecular initiating event in AOP liver steatosis:
Nuclear receptor activation (LXR, PXR, PPARYy, AhR, FXR, CAR, GR, RAR)

Nuclear activation 1 Cyproconazole activates RARa
receptor inhibition |
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ldentify target genes for AOP steatosis; % FuroMix
develop a AOP specific PCR array

28-day feeding study in rats

Control, azoles (cyproconazole, epoxiconazole, prochloraz), mixtures, phenobarbital

Blood Treatment
Feed Sectio Blood
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Identify target genes for AOP steatosis

Results: 28-day feeding study in rats
(Adverse) in vivo effect — liver weight
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Omics methods for AOP analysis %EuroMix

Transcriptomics 1

i_> RNA —— cDNA —— ToxPathwayFinder Array '

@
L
e

> Proteomics

b/
— Proteins —>/

IEF and SDS-PAGE MALDI-TOF MS
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lentify target genes for AOP steatosis .
Results: 28-day feeding study in rats %EUVOMD{

(Adverse) Iin vivo effect — centrilobular hypertrophy

C Hypertrophy
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Cyproconazole induced hypertrophy in rat liver
Heise et al. Atox 2015

Correlation between hepatic hypertrophy and expression of genes related
to xenobiotic metabolism and transporter
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Identify target genes for AOP steatosis .
Results: 28-day feeding study in rats %EuroMlx
(Adverse) In vivo effect — vacuolisation @i
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Cyproconazole induced vacuolisation in rat liver
Heise et al. Atox 2015

Correlation between hepatic vacuolisation and expression of genes
related to fatty acid or phospholipid metabolism
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AOP steatosis specific PCR array % FuroMix

Molecular key events in AOP liver steatosis:
Gene expression changes (ChREBP, SREBP-1c, FAS, SCD-1, CD36)

Gene Gene Gene
1ACACA 24 CYP3A5 47MTTP
2 ACOX1 (AOX) 25 CYP3A7 48NOS?2
3ADH1A 26 CYP7AL 49NQO1 :
4ADK 27CYP7B1 50 NROB2 (SHP) |dentify set of target genes
5 ALDH2 28 DNM1 51 PCCA . . .
e I B B S BT specific for AOP liver steatosis
7 ATPSB1 30FAS (TNFRSF6)  53PNPLA3
8CCL5 31FASN 54 POR
9CD36 (FAT) 32 FBXO32 55 PPARA
10 CEBPD 33G6PC 56 PPARGC1A
11 CES? 34G6PD 57 RETN :
12 CHREBP (MLXIPL) 35GPD1 58 RGCC Data sources:
13COMT 36 HAAO 59 SCD - .
14 CYBB (NOX2) 37HADHB 60 SLCO1A4 In vivo data (BfR)
15CYP1A2 381L6 61 SREBF1 (SREBP-1c) AOP liver steatosis
16 CYP1B1 39INSIG1 62STBD1
17 CYP2A6 40 JUN 63 SULT1B1 in vitro data (BfR)
18CYP2B6 41 KHK 64 SULT1C2
19CYP2C19 42 LMNA 65SYT1 CommerCIal PCR Arrays
20CYP2C9 43LPL 66 TFF3
21CYP2D6 441.Y6D 67 TUBB2B
22 CYP2E1 45 MAPKS (JNK1) 68 UGT2B7
23CYP3A4 46 MSMO1 (SC4mol)  69VCP
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Results Transcriptomics — Venn diagrammes of
differentially expressed genes in vivo vs in vitro

EuroMix

C

Tier Experiment

Mixture | Epoxiconazole Mixture Il Epoxiconazole
Prochloraz D Cyproconazole Prochloraz ‘ Cyproconazole

Mixture | Epoxiconazole Mixture Il Epoxiconazole
Prochloraz . Cyproconazole Prochloraz ‘ Cyproconazole

Zellkultur Experiment
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Neutral lipid accumulation %EuroMix

key event in AOP liver steatosis: intracellular triglyceride accumulation

Oil Red O staining and subsequent quantification of intracellular Oil Red
O accumulation in HepaRG cells

Quantification of Oil Red O staining
in 24h fat treated HepaRG cells

Oil Red O staining of 14d fat treated HepaRG cells

8 - y=0.0063x + 1.2219
R2=0.9785

relative lipid amount
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Neutral lipids accumulation %EuroMix

Key event in AOP liver steatosis: intracellular triglyceride accumulation

Oil Red O staining/quantification of intracellular Oil Red O accumulation
iIn HepaRG cells

3
Oil Red O Staining HepaRG 024 h
25 7 * « .72 h
2 .

1.5 1

1 4+4-F=t - = SRR e [ NP e
0.5 A1
0
PC NC 25 50 100 200

Cyproconazole

relative lipid amount

- Cyproconazole induces neutral lipids accumulation in HepaRG cells after 72 h
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Neutral lipids accumulation %EuroMix

Key event in AOP liver steatosis: intracellular triglyceride accumulation

High content screening (HCS) to measure accumulation of neutral lipids
In vesicles in HepaRG cells
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- Cyproconazole induces neutral lipids accumulation in HepaRG cells after 24 h
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Bioassay toolbox predicts in vitro: .
cyproconazole is inducing steatosis %EUI‘OMIX

Molecular Organelle Cellular | Tissue

Molecular Adverse
initiating event Key events outcome
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Summary €3 EuroMix

This project is funded by the Horizon
7(‘ 2020 Framework Programme of the

A 28-day in vivo feeding study and transcriptomic analysis identified AOP specific
target genes for liver steatosis by using cyproconazole as model compound

Correlation between hepatic hypertrophy and expression of genes related to
xenobiotic metabolism and transporter

Correlation between hepatic vacuolisation and expression of genes related to
fatty acid or phospholipid metabolism

With the in vitro Bioassay toolbox — MIE, key events - including functional
marker- are quantifiable;

it is possible to predict liver toxicity according AOP concept.
Next steps: tritration of the dose dependency, define cut off criteria
Analysis of more single compounds and mixtures (MoA and exposure driven)

Finally, verify the concept in vivo and validation (in vitro)

EFSA-RIVM 18-05-2016 European Union

W“

undes

nstitut fiir Risikobewertung Symposium




Acknowledgement: ,"-7( B'FR

Bundesinstitut fiir Risikobewertung

Claudia Luckert,
Philipp Marx-Stolting
Albert Braeuning
Roland Solecki
Rudolf Pfell

Thank you for your attention !

Prof. Dr. Dr. Alfonso Lampen
Department Food Safety
German Federal Institute for Risk Assessment (BfR)
www.bfr.ound.de

Email: Alfonso.Lampen@bfr.bund.de

%> EuroMix


http://www.bfr.bund.de/
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EuroMix participants

22 beneficiaries from 16 countries and 4 third parties including WHO and US-EPA.
EuroMix is coordinated by RIVM.
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