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Environmental monitoring: integrative (biological)
methods needed

Tested chemicals —> Monitored chemicals ‘[ ‘[
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*Ca 130 monitored (soil)
*Ca 1000 complete risk
assessment

«30 000 > 1 ton

*50 000 000 CAS

Natural/metabolites>
7?77

New legisla

Untested
chemicals
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ﬁ]@, CALUX approach
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ﬁ]@, CALUX approach

\

® Low background, high selectivity and inducibility
® High sensitivity
® Excellent quantification

® Single mechanism, avoid cross-talk and artifacts
Straight-forward interpretation and risk assessment
Better extrapolation to other species
Suitable to measure bioactivity in complex mixtures

Low rate of false positives greatly reduces error in
panel of assays



ﬁ]@, Available CALUX® lines
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Nuclear receptors ST REURIREIEVS

name status cell name status cell name status cell
DR CALUX v . H4IIE kappaB CALUX v . U20S Cytox CALUX v . U20S
PAH CALUX v . H4IIE P21 CALUX v : U20S MTT v . all
ER CALUX v . T47D Nrf2 CALUX v : U20S LDH leakage v . all
ERalpha CALUX ‘/ U20s P53 CALUX ‘/ u20s Visual ‘/ all
ERbeta CALUX v . U20S P53 CALUX v . HepG2

ERalpha CALUX v . HEK293  TCF CALUX v : U20S

ERbeta CALUX v . HEK293  AP1 CALUX v . U20S

AR CALUX v . U20S HIFlalpha CALUX v : U20S

PR CALUX ‘/ uU20S ER stress CALUX ‘/ U20S

GR CALUX v . U20S CRE CALUX : U20S

TR CALUX v . U20S ETS CALUX : U20S

RAR CALUX v . U20S GLI CALUX : U20S

PPARy1 CALUX v . U20S NOTCH CALUX : U20S

PPARy2 CALUX \/ 1120< E2F CAl 11X 1120<

PPARG CALUX Latest count

PPARS CALUX

PXR CALUX Stable CALUX: n:25
e Agonist/antagonist: 25x2=50assays

VDR CALUX
T—— —— — P—
MR CALUX 0 U20S




EEE, Additional systems

\

Under evaluation:

® Differentiated cells; mouse embryonal stem reporter cells:
o ReProGlo: TCF reporter
o ToxTracker
o other genomics-based systems

® Bacterial reporter cells
® Offline/online systems

Stringent selection of most informative assays
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ToxCast: many
assays/endpoints per
effect class

Our approach: One
assay with minimal
false positives
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Many fields of application CALUX panel

Environ-
ment
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— Market: rapid screening methods are needed

M very little/no
i tested

100,106 chemicals on market in 1981 (“existing substances”);
1% tested on hazardous properties: REACH



—J REACH & alternative testing

Problems with animal testing in context of REACH:

1. Speed
2. Costs
3. Capacity
4. Ethics

>Cost-effective, rapid in vitro tests need to be adopted

Netherlands@ RePr ‘\J:ea‘t Chen'ﬁreen
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mf Effect profiling with CALUX® battery?
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EEE, Quantitative high throughput screening

DR CALUX
200000~
—— Manual
—— Robot
150000+
3 100000
(1
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c ) | | ) L}
-16 -14 -12 -10 -8
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CALUX Quantitative HTS:
200 dose-response curves (16 triplicates) per day




/ Hot spots of activity in CALUX panel

stress pathways steroid receptors genotoxicity
stress pathways hormone pathways hormone pathways (agonist)
| (antagonist) 1
otox ’ AP1 Nrf2 ESRE NFkJ {antiERa antiAR  antiPR antiGR AR PR GR TRb \ PPARg2 PAH DR

at-retinoic acig
Cyclosporin A
Diethylstilbestro
Dioctyltinchloridé
Endosulfa
Flusilazold
Glufosinate ammoniu
Methoxyacetic acig
Monoethylhexylphtalatg
Valproic acig
Methylmercury(ll)chloride

Cytotox AP1 Nrf2 ESRE antiAR  antiPR  antiGR ER ERa ERbJl AR PR GR TRb  PPARg2

Hexachlorobenzene
methoxychlo
Methylmercury(ll)chloridg

tributyltinacetatq

I o activity Top: 11 reprotoxicants
LEC = [1E-6M] . .
I LEC < [1E-6M] Bottom: 14 pesticides




Prediction reproductive toxicants

In vivo class EST zebrafish eProGlo CALUX panel ypl7 cyp19 PREDICTION
: effECt 5 done --

no effect no effect

no effect  negative

4 D-mannitol (DML) negative control negative control negative no effect  negative not done

not done

negative no effect notdone  not done

no effect  not done

no effect
negative no effect notdone  not done

negative not done

negative no effect

notdone  not done

Chengpr'




Adverse Outcome Pathway
s N
Macro-Molecular Cellular Organ Organism Population
Toxicant Interactions Responses Responses Responses Responses
Receptor/Ligand Gene Altered Lethality
Interaction Activation Physiology ) Structure
Chemical DNA Binding Protein Disrupted Dt:.!\%;ljg;orr?l%nt i
Properties p *  Production [®| Homeostasis I g | Recruitment
rotein mpaire PR
Oxidation Altered Altered Tissue Reprgduction Extinction
Signaling Development
or Function Cancer
Protein
/ Depletion
A /
Y
Toxicity Pathway Anchor 2

Anchor 1
(initiating event)

(adverse outcome at the
organism- or population-level)

Ankley et al., 2010




Interpretation of screening data

Adverse Outcome Pathway Networks

Chemical Molecular Species, Apical
properties pathway Kinetics endpoint

|
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Molecular screening assays predict toxicity,
but phenotype of change is species-, dose-, and life-stage dependent
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@’ PPAR-y CALUX: obesity and insulin sensitivity

PPAR-a

Lipid oxidation

Adipogenesis/lipogenesis/storage

PPAR-y

insulin sensitivity
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Gijsbers et al., 2011 Analytical Biochemistry 414:77-83
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BDS) PPARYy activation by tomato extracts
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‘3@ Reporter gene assay based
- optimisation of breeding strategies
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Tomato line

EpRE activation (% of reference sample)

Different tomato varieties vary in their potential for Nrf2 activation
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Environment; complex mixtures

\:3hemicals Pharmaceuticals Toxins

~

How to
assess
hazard?




Luciferase induction (% DMSO control)

Occurrence and identification of androgen receptor
antagonists in high trophic-level animals
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100 -

80
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Sample amount (g-lipid/well)

Cl Cl
|

p,p’-DDE
(persistent DDT metabolite)

Suzuki et al. 2011 Environ. Sci. Technol. ePub 18 Oct



ﬁm, Distinction complete- and incomplete wood
- combustion in PAH CALUX

Characterization of biologically available wood combustion particles in
cell culture medium

Susanne Gauggel, Cassandra Derreza-Greven, Julia Wimmer, Mark Wingfield, Bart
van der Burg and Daniel R Dietrich

Human and Environmental
Toxicology, University of
Konstanz, Konstanz, Germany

Gauggel et al., in press



‘m, Distinction complete- and incomplete wood
combustion in PAH CALUX

140 chemical
120 Extract #01 85

»  Extract #02 650
100 1.1-F
80 « Extract #05 11

incomplete complete

Luciferase activity
[“% of max. value of B[a]P standard]

e e B B B T —
10-* 10-2 10-' 10° 10" 102

log [mg]

Chemical analysis poorly predicts dioxin-receptor-mediated toxicity of PAHs

Gauggel et al., in press
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BDSE

—
Carbon-based compounds

(Dr. Hein Stam, DSM; Prof. dr. Gerrit Eggink, Wageningen UR)

Nitrogen-based specialties

(Prof. dr. Arnold Driessen, University of Groningen; Prof. dr. Isabel Arends, Delft
University of Technology)

Bioconstructions

(Dr. Wouter van der Star, Deltares)

Recycling of rare resources

(under development)

Synthetic Biology

(Prof. dr. Bert Poolman, University of Groningen; Dr. Ton van Maris, Delft University
of Technology)

Hiah-throuahput experimentation and (meta)aenomic mining

Environmental impact of chemicals, bio-based molecules and
processes

(Dr. Bart van der Burg, BioDetection Systems; Prof. dr. Hauke
Smidt, Wageningen UR)

ocietal Embedding of a Biobased Economy
(Prof. dr. Patricia Osseweijer, Delft University of Technology)



Chemical factory of the future




Chemical factory of the future

Environmental/human health



ﬁ]@, Conclusions

\

® Bioassays highly suited addition to current single chemical oriented
monitoring programs

® Many mechanism-based molecular screening tools available

® Screening models still to be developed further for several
endpoints

® Simplification/selection of panels needed and feasible

® Extraction and workup important to distinguish between classes of
compounds

® Data analysis and interpretation key area of development
® Poor link to regulatory framework
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@@, Current R&D funding
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