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Automation of the CALUX assay 4

& For validation of the effect profiling principle, a lot of data is required!
& 1Automate the CALUX assay to enable HighThroughput-screening!

& Hamilton STARIet liquid handling robot coupled to a CO2 incubator
& Reduced sample volume in 384-wells format
& 750 samples per week
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Effect profiling of compounds with CALUX panel
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‘m/ Studying effects of mixtures :
- pesticide dump in Tajikistan

Reference flutamide curcumin  actinomycin D 17b-estradiol
EC10 ref compound 3,0E-08 3,2E-06 2,2E-09

Lindane NA NA NA NA NA 1,0E-06
Aldrin 3,0E-02 5,0E-05 NA NA NA 4,0E-07
Dieldrin 1,0 NA NA NA NA 4,0E-06]
Endrin 1,0 NA NA NA NA 1,6E-06|
o,p-DDT 03 7,9E-05 1,0E-05 NA NA 1,6E-05
p,p-DDT 1,0 2,5E-04 1,3E-05 NA NA 2,0E-06]
DDE 9,5E-03 5,0E-05 NA NA NA 4,0E-07

Turkey, Istanbul,
07-08 November 2013



Not yet published data — confidential - BDS® bv all rights reserved Sept 2013

Chemical pattern vs Tox patterns

& Rapidly identify risks of single chemicals (for humans, environment)
& Measure chemicals in complex mixtures and link this to hazards
& Example pesticide dump side
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CALUX results of prioritised compounds

meom sNot yet published data confldentlal BDS© bv all rlghts reserved Sept 2013
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[ Chlordane
DDT
Dieldrin

Endrin

Heptachlor
Hexachlorohenzene
Dirty Dozen POPs- Mrex E

Toxaphene
PCB118
PCB126
PCB128
PCB156
TCDD

L Furan

B dibenzo[a,h]anthracene

L. dibenzo[a,h]pyrene

Additional POPs— benolaleyrene
tributyltinacetate

_ methylmercury(lljchloride

[ Lead chloride
Mercuric chloride
Cadmium chloride
Cobaltous chloride

_J  Copper chioride

Heavy mEtals copper sulfate
Zinc sulphate
Sodium arsenite
Nickel(ll)chloride

L chromium{vijoxide

Dirty Dozen POPsendrocine activity}|dioxin receptor|(dioxins/PAHS)

Additional POPs:|dioxin receptor| (PAHS), stress pathways

Heavy metals: | acute toxicity,“stress pathways
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p53-5S9 p53+5S9

Cyclophosphamide
ENU

MMS

Benzo[a]pyrene
7,12-Dimethylbenzanthracene
2-Acetylaminofluorene
2,4-diaminotoluene

1Q]

PhIP.HCI

Aflatoxin B1

Cadmium chloride
Cisplatin
p-chloroaniline
Etoposide
Hydroquinone
Azidothymidine
Sodium arsenite

Taxol

Chloramphenicol

(2-chloroethyl)trimethyl-ammonium chloride

New generation of Genotoxicity testing —
Negative and positive results as expected..

p53-S9 p53+5S9

Ampicillin trihydrate
D-mannitol
Phenformin HCI
n-butyl chloride

Cyclohexanone
N,N-dicyclohexyl thiourea
Trisodium EDTA trihydrate
Erythromycin stearate
Fluometron
Phenanthrene
D-limonene
Di-(2-ethylhexyl)phthalate
Amitrole

Tert-butyl alcohol
Diethanolamine
Melamine

Methyl carbamate
Progesterone

Pyridine
Tris(2-ethylhexyl)phosphate

Hexachloroethane
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Water testing for effects of chemicals/pharmaceuticals
or

Endocrine disrupting chemicals

(Drinking, surface, ground, water treatment plants)

14



@/ CALUX based trigger values for drinking water

At

CALUX > trigger value — more detailed examination warrented

CALUX < trigger value — health risks can be waived

b-
ENVIRONMENT
INTERNATIONAL

Contents lists available at SciVerse ScienceDirect

Environment International

journal homepage: www.elsevier.com/locate/envint

Trigger values for investigation of hormonal activity in drinking water @Cmm
and its sources using CALUX bioassays

Walter Brand **!, Cindy M. de Jongh *', Sander C. van der Linden °, Wim Mennes ¢, Leo M. Puijker ?,
Cornelis |. van Leeuwen ¢, Annemarie P. van Wezel ¢, Merijn Schriks ***, Minne B. Heringa *2

Trigger value
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Which types of MODE OF ACTIONS are detected?
PPAR, Nrf2 and p53 +/- S9 significant like other EDCs!

White bars—
drinking water

Grey bar-
surface water

Black bar —
waste water



‘m WWTPs effluents treated with ozone and bio membrane
—— shows low estrogenic activity (by ER CALUX and LC/MS)

Table 3b - Calculated® chemEEQs based on results from earlier studies with the ER CALUX® (Table 1) and the analytical data
(Table 2) compared to the data calculated with the ER CALUX®,

Treatment Active agent [EEQ ng/L| ER CALUX® [EEQ ng/L]
1 E2 Feac EE2 3 BPA  tNP  MPro-ac | Total’

MER A 029 <5 n.a. 92 <018 00015 0080 n.a. 037 = 0.37+/-0.09

AQ <008 <5 n.a. 92 <018 0.011 0078 n.a. 0.09 0.06+/-0.06

MER B 026 <5 n.a. 92 <018 00013 0097 n.a. 0.36 0.83+/-0.06

BO <0.08 <5 n.a. 92 <018 0.011 0.054 na. 0.07 n.d.

MER C 019 <5 n.a. 92 <018 00011 0097 na. 0.29 123+/-0.24

Co <008 <5 n.a. <92 <018  <00007 0062 na. 0.06 n.d.

MER A-C 0.34 0.81+/-0.43

0Z A-C 0.07 0.02+/-0.04

a Calculated Concentrations of EEQ = Relative estrogenic potency x concentration [ng/L].
b “Total” calculated only from values that lay above the limit of quantification; n.a. = data not available; n.d. = value not detectable;
E1=estrone; E2 = 17p-estradiol; E2-ac = 17f-estradiol acetate; EE2 = 174-ethinylestradiol, E3 = estriol; BPA = bisphenol A: t-NP = nonylphenol,
MPro-ac = medroxyprogesterone acetate.

Sibylle Maletz, T. Floehr, J. Pinnekamp & H. Hollert; RWTH Aachen University;



‘m Waste Water samples:
+— Good EEQ correlations between ER CALUX vs GC-MS

5074 M. AvberSek et al. / Science of the Total Environment 409 (2011) 5069-5075
60 -
50{  DER-Calw®
BGC-MSD
40 -
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[ o
= (=]

—
o
A

0rl,(l i m

_ é” ' }\" ‘3 ‘ 3\ : ‘&o : &" ' . é’ ' 'b‘;o ' . ‘syo : Y&p ' $,¢,
o\ \ & 0 A \
@“& a\‘& & & ) qﬁ& ] s”&y s““ qf’& 3« ; s’& -1\4@;

Fig. 4. GC-MSD and ER-Calux® results of real waste water samples. The results of ER-Calux® assay are presented as mean + SD calculated from three parallels. The results of GC-MSD are
presented as determined concentrations of one measurement + relative standard deviation of measurement by GC-MSD.



Water treatment plants treatment efficiency with
= —active carbon or ozonation (Kienle et al, EAWAG 2012)

Graaen algas: photosynthesis imhibation
Green algase: growth imbhibition

YES assay: estrogenic effects

10 gl (Mot )
m 12 mg'L (Sorbopor)
m 20 gl (Sorbopor)

ER CALLX: estrogenic effects

AR CALULRX androgenic effects

GR CALLR glucocorticoid ke effects

PR CALLIX progesterone like effects

PPRPARg1 AL LI : :

O 20%0 A% 0% 8100 100%
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1
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1

1
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1

1

ER CALLUX estrogenic effects
1
1

AR CALUX: androgemic effects
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1
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1

PR CALUX:. progesterone i
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1
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@m Plastic Migration of BPA/Phthalates:

Estrogenic activity (BPA-eq (microgram/liter) by
ERalpha CALUX

- ER and anti-AR CALUX correlates well with BPA
(Service Analysis for German EPA, Bad Dessauz
600 - — 700
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E@ FP7 Project DEMEAU: How to move forward with human

= cell-based bioassays in regulatory and global usage

7 Demonstration of promising technologies to
address emerging pollutants in water and

AR waste water

KWR gawag .. =EIWW

Watercycle Research Institute WasserBerlin

“ w Fachhochschule Van Remmen '
’ Nordwestschweiz @ VEOUIA UV Techniek
€NVIRONN€M€NT ‘ y' - -
Recherche & Innovation
Mbwamwrw’ccs

aQatune

} eCco BidDetection Systems

AMPHOS? RESIGRIST 7Quontis HYDOR

PROCESS-PHOTOMETER Sustainability counts

CETaqua

This research has received funding from the European Union’s Seventh Framework Programme under the grant agreement no. 308339.






Bioactive estrogenic hormones in milk
(Behr et al 2011)

« Soya - based products had up to 1500ng EEQ/kg
« Soya-free product had between 10-40ng EEQ/kg
« Baby milk powder had 14-22ng EEQ/kg

« Soya lecithin was also strong estrogenic and therefore a main source of estrogenic
activity

« the study concludes that estrogens are omnipresent in food and not only soya
based products
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Food Contact Materials testing by CALUX panel |

Germany: Testing of migration of plastic materials from

baby food packaging in plastic (NaturNes) compared to
glass materials (Hipp):

No difference observed between plastics and glass (ERa,
anti-ERa, anti-AR, TR6 and PAH CALUX) (WDR Markt 2011).

24




= Food Contact Materials testing by CALUX panel I

- Belgium: Food packaging extracts were analysed for (anti)-
estrogenic and (anti)-androgenic activity

- Estrogenic activity was found in all flexible elastomers.

- Anti-androgenic activity was found in 2 out of 3
polycarbonate samples (project with National Pack. Inst.)

ER
anti-AR —

Response

log[Dose]

25



Why 56 CALUX tests?
1@, ToxCast project (USA-EPA) shows importance of
- anti-agonistic activities of many “Mode of Actions”

Chemical Genomics Profiling of Environmental Chemical Modulation
of Human Muclear Receptors

Ruili Huang. T Menghang Xia,! Ming-Hsuang Cho,! Srilatha Sakamurw, T Pawl Shinn, T Keith A. Howck,Z Dawvid J. Dix,<
Richard 5. Judson.< Kristine L. Wit 7 Robert J. Kawviock.2 Raymond R. Tice.? and Christopher P. AustinT

£l

I Active agonist
s Active antagonist

Percent




Why food contact materials ?
®, ToxCast (US-EPA): ReproTox Predictions for
Conventional and Alternative Plasticizers

Ve e

DIBP

DHP
DPIP PFAA_ALT1 PLASTIC_ALT1 PLASTIC_ALT7
T ‘ e
DEHP DBP PLASTIC_ALT10
BBP PLASTIC_ALTS8 C_ALTO PLASTIC_ALT11

PFOA and other plastic additives are
PPARa active — need to be tested now..
PFOS is not active in PPARa, but AR and
PPARYy active

Biol Reprod. 2011 Aug;85(2):327-39. Epub 2011 May 12.
27 Predictive model of rat reproductive toxicity from ToxCast high throughput screening.
Martin MT, Knudsen TB, Reif DM, Houck KA, Judson RS, Kavlock RJ, Dix DJ.
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CENTRO SUPERIOR DE
INVESTIGACION EN
SALUD PUBLICA

Dietary intake study for dioxins/dI-PCBs in Valencia

REQUIREMENTS INTERNAL VALIDATION
PROCEDURE BLANK (<1PM) 0,6 pM
RECOVERY CERTIFIED REFERENCE 91,45 % [ 11,4 %
MATERIAL / FORTIFIED SAMPLE.

APPARENT BIOASSAY RECOVERY (30- 83,16 %
130%)

SUPRESSION SIGNAL TEST (>75%) 118,81 %
REPRODUCIBILITY RSDR (<25%) 12,6 %
REPEATABILITY RSDr (<20%) 10,33 %
FALSE COMPLIANT RATE (<5%) 0%

PCDD/Fs + DL-PCBs

y = 0,8007x + 0,003
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o ¢ / .
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0 . . . . . .

0 2 4 6 8 10 12 14

CAL!

UX BEQ (pg/g producto o grasa)

A total of 1270 composite
samples were analysed
corresponding to 189
Individual food items that
cover 90% of the adult and
child diet.

CONSUMPTION DATA
Consumption data were
collected from a dietary
survey using a 24-h recall
and performed on 1478
subjects ranging from 6-70
years old.

E. Millan, O. Pardo, V. Yusa,
Public Health Research Center?8


http://www.csisp.gva.es/web/csisp

BDS/

b Dietary intake study in Valencia
Foodgroup Mean Minimum Maximum
Alcoholic beverages 0.030 0.010 0.056
Cereals legums tubers and dried
fruits 0.187 0.048 2.670
Composite food 0.230 0.014 0.810
Eggs and egg products 0.082 0.041 0.136
Fats and oils 0.367 0.132 0.627
Fish and seafood 0.686 0.124 2.590
Fruits and vegetables 0.023 0.001 0.845
Meat and meat products 0.033 0.003 0.176
Milk and dairy products 0.307 0.014 1.750
Non alcoholic beverages 0.016 0.001 0.151

Sweeteners and condiments 0.229 0.100 0.900

29



BDS,

b /Dietary Intake study of dioxins/dI-PCBs in Valencia

Dioxins per foodgroup - Assessment dioxins defallvalues UB 100 it (8208)
Chemical: Dioxins, per unit Bodyweight Dalily Average, Total Population

Ao holic Evarages 29

Carealk BEgums tulbsrs and dried fruiks 17 .29
Compositae food 4 99

Egg= and aqgqg products 1 .99

Fats and ails 7 .59

Fish and ssafood 27 .79

Fruits and vagetabks S. 19

MMeaat and meaat products 1,92
il &and dairy products 20 .29
Mon akcoholic Evarages & . 296
Sweotanars and condimants 4 6%




BDS/

b Dietary intake study for PCDD/Fs in Valencia

* For adults, the average daily intake was estimated as
1.38 and 1.56 pg WHO-TEQ/kg b.w -day for the
lower bound (LB) and upper bound (UB) scenarios,
respectively.

* For children, the average intake was estimated as
2.43 and 2.73 pg WHO-TEQ/kg b.w-day for the LB
and UP scenarios, respectively.

 The estimated intakes show that 14 % (LB) or 17 %
(UB) of the children population and 4 % (LB) or 5 %
(UB) of the adult population exceed the tolerable
daily intake (TDI) recommended by the WHO.

Santiago, Chile, 14 31
November 2008






Mussel Monitoring e.g., Bohus coast, Sweden

Screenshot
from google
maps:

Large
chemical
industries




DR CALUX - Bohus mussel
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Organochlorine Pollution
of Eggs (2001):

Peregrine Falcon >

Eagle Owl >

Barn Owl >

Little Owl = Jackdaw

»Great Tit = Blue-Bonnet

»> Coal Tit

Terrestrial (Avian) Food Chain

Organochlorverh. [ngfg FM]

Vergleich der Arten:
Belastungsspektrum PCB und Pestizide

10000

—
[}
_
_

mPCH
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OHCH
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100+
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W heta-HZH
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Catch the rest eggs (Foto: F. Schilling)

Failed peregrine falcons eggs

Years of catching and numbers in the state of
Baden-Wirttemberg

Jahr n Jahr n
1967 1

1968 3

1969 11

1970 4

1971 7 1991 37
1972 - 1992 28
1973 6 1993 30
1974 14 1994 -
1975 16 1995 9
1976 14 1996 4
1977 9 1997 9
1978 11 1998 5
1979 12 1999 28
1980 9 2000 31
1981 8 2001 42
1982 17 2002 36
1983 21 2003 35
1984 18 2004 41
1985 20 2005 29
1986 24 2006 27
1987 24 2007 28
1988 18

1989 40

1990 25 b3

Die Schalen der Jahrgénge 1999, 2000 und 2001
teils ausgeblasen, teils getffnet (Foto: F. Schilling)
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Total-WHO-TEQ vs Total DR CALUX TEQ

HRGC/HRMS Total-TEQ (TEF 199¢
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¥ Dioxin, estrogen- and anti-androgen equivalents in falcon eggs by CALUX serie
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EC NEW GENERIS Projekt — 6 EU countries and
‘m, 1200 mothers/newborn babies:
e DR CALUX as biomarkers for baby health

* NEW GENERIS Projekt from 2006 to 2010
«ca. 2500 samples from mother/baby cohortes

from 5 different EU counrties (Denmark, UK,
Norway, Greek, Spain)

*Cord blood from the day of birth and blood of the
mother analysed via ER, AR and DR CALUX

Conclusion: Effects from von bioactive stabile
Dioxins/PCBs on head dimension and therefore
development of the newborn baby is in

discussion
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E Which effects have bioactive stabile Dioxine/PCBs

—-— for new born babies?

O fetal plasma MW maternal plasma [ fetal/maternal
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Mother milk in Hong Kong and China

Comparison DR CALUX-Total-TEQ (BDS) and HRGC/HRMS WHO-Total-TEQ (WHO Reference lab) for pooled breast milk

samples (pg/g fat) from Hui et al. Chemosphere 69, 1287 (2007)

18

16

14

12

10

O DR CALUX
— B WHO Lab (TEF1997) ]
0 WHO Lab (TEF2005)
o | — — o
1. Hong 2.Hong 3.Hong 4.Hong 5.Hong 6. Mainland 7. Mainland 8. China 9.China  10.Overseas 11. Overseas Overall (246;
Kong (ever- Kong (high Kong (high  Kong (low Kong (high China (low China (high Immigrant Immigrant(7 (1-10years (11 years of 30)
smokers, n= dairyproduct seafood dairy AND dairy OR dairy AND dairy OR (2-6 years years stayin ofoverseas overseas
25;age 26.5) intake,16; intake, 17; low seafood high seafood low seafood high seafood stayin Hong Hong Kong stay, 18; stayor
31) 30.5) intake, 32; intake, 28; intake, 21;  intake, 34; Kong, 22; orabove, 23; 32.1) above, 10;
31.4) 32.6) 26.6) 28.1) 27.6) 30.1) 25.7)




Bicanalytical Results(pg BEQ / g faf)
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Re-evaluation data from human mother milk
(data from EU-RL CVUA Freiburg)

Performance Re-evaluation: Human MILK FAT - PCDD/Fs
Calibration with Confirmed Samples

Actuzl B-ermror = 5%

y = 0,9585x% + 0,1649

[PCDD/F-ML: 2.5 pg TEQ/qg fat]
1 1 1 1 1 1 1

2 4 L 8 10 12

GC/HRMS Concentrations (pg WHO-PCDDVF-TEQyg fat, TEF 2005)

Forn e LES s B e b Lo ol oy
Dioxins and PCBs

Eurcpsan Unicn Reference Laboratory for Dioxins and FCBs in Feed and Food
Freiburg {Germany)
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Obesity testing by PPAR CALUX panel

Cilpcose Poe >
‘ "'7 < ;’ff
Svyring€

Diabe 63

= Ina

il Obcsit_y P %
Piey. / (:Q
- -
a2 J

PPAR Isoform Organ specificity Function

PPARa Liver Fatty acid metabolism
PPARYy Adipose tissue Lipid storage

PPARS ubiquitous Energy homoeostasis

——> PFOA activates PPARa and PPARy (but not PPARS)
Vanden Heuvel et al. (2006) Toxicol Sci 92: 476-489

——> PFCAs activate PPAR«
positive correlation between carbon chain length and the level of PPARa activation
Wolf et al. (2008) Toxicol Sci 106: 162-171
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'BDS PPAR (a, , & and y) CALUX:
-— obesity and insulin sensitivity

Reference compounds:
SGW7674 =
Synthetic a agonist

PPAR-a 2
- E EC50 rosiglitazone
E 1009 rosiglitazone
Lipid oxidation 5 o *+ antagonist
B c 17
o0
g
5e %
E
s 25+
Adipogenesis/lipogenesis/storage 2
o
0

L]
-7 ] -5

Rosiglitazone PPAR 41 40 -9 -8
= anti-diabetic drug e Y Conc. (LogM)

insulin sensitivity

[ J
WAGE Erlqr-lrﬁ DEmr;IE Syngenta

Gijsbers et al., 2011 Analytical Biochemistry 414.:77-83


http://www.wur.nl/UK/

ﬁ]@ Why a panel of in vitro CALUX tests?
““Link from important chemicals to important health risks

Bisphenol A Phthalates Organotins Dioxins PFCs

P N Vo O g E— el
( G;T;Q || EﬁER ( TH\T' RXR ) (P An;c:*-ﬁx@ < %?:T{ AXR ) fﬁfpnﬁzzjmm\]
Y A W T e
-!' 1-‘ ,‘_-r l"ﬁ-,__p- :
¥ ¥ M .
i

Adipogenesis Body weight Insulin levels

Casals-Calas C, Desvergne B. 2011 Annu. Rev. Physiol.73:135-62



@_@/ Toxic EQs compared to

GW7674 (PPARa CALUX Standard)
Rosiglitazone (PPARy CALUX Standard)

Tributyltin acetate

_Monoethylhexylphtalate

Perfluoro-butanoic acid (PFBA)
Perfluoro-pentanoic acid (PFPeA)
Perfluoro-hexanoic acid (PFHXxA)
Perfluoro-heptanoic acid (PFHpPA)

Perfluoro-octanoic acid (PFOA)

Perfluoro-nonanoic acid (PFNA)
Perfluoro-hexanesulfonic acid (PFHxS)
Perfluoro-octanesulfonic acid (branched-PFOS)

Perfluoro-octanesulfonic acid (linear-PFOS)

CsF:0O2

CsFoO2
CeF1102"

C7F1:02°
CsF1502"

CoF170O2"

CeF1:03S”

CsF170sS”
CsF1703S

Not determined

1.7E-05

5.3E-06
6.9E-06
1.2E-05
6.7E-05
3.1E-05

1.7E-05

PPARa and PPARy CALUX .
GW7674 and Rosiglitazone

8.0E-04

5.5E-05
3.6E-05

9.1E-05



- Thanks....Questions..??

Do you want to know more about POPs & EDCs cocktails.......?77

?



