Bioanalysis highlights 2014

TOXICOLOGICAL
PROFILING BY CALUX
PANEL

Behnisch PA, van der Burg B and Bram Brouwer

BioDetection Systems b.v.
Amsterdam, The Netherlands




* How in vitro toxic are dioxins/PCBs compared to

pesticides, EDCs, metals & others?

e How can we speed up to eliminate the in vitro
toxic effects of pollutants ?

e How can we know more about the unknown

in vitro effects of chemical pollutants ?
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@@, Chemical monitoring alone is insufficient

\

Tested chemicals — Monitored chemicals [ [

*Ca 130 monitored
(soil)

*Ca 1000 complete risk
assessment

*30 000 > 1 ton

*50 000 000 CAS

Natural/metabolites>
??7?7?

Untested
chemicals

NIES 100614
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Heat Map of BFRs
(Hamers et al)

\‘b‘ \’b’ Q Q s{b’ \'b
A d?gﬁ%;&#;gpp
2 I
2 2
P —_—
2 2
2 T
1
J
VA
> -
—l_
2 _
— T]
212




Heat Map of PFTs

ﬁm (Behnisch et al. DIOXIN 2012)
bean olewle |me |veana leeary

Perfluoro-butanoic acid (PFBA) CsF-0," 0.26 0.17 < 2-fold induction
Perfluoro-pentanoic acid (PFPeA) CsF90O,~ 0.50 0.22 < 2-fold induction
Perfluoro-hexanoic acid (PFHxA) CsF110, - 0.41 0.38 < 2-fold induction
Perfluoro-heptanoic acid (PFHpPA) CsF130,° 0.89 2.1 < 2-fold induction
Perfluoro-octanoic acid (PFOA) CsF1s0: - 1 1 < 2-fold induction
Perfluoro-nonanoic acid (PFNA) CoF1-05~ 0.61 0.55 < 2-fold induction
Perfluoro-decanoic acid (PFDA) C1oF 150, 0.37 Not active < 2-fold induction
Perfluoro-undecanoic acid (PFUnDA) C11F210," 0.15 Not active < 2-fold induction
Perfluoro-dodecanoic acid (PFDoA) C1F205 Not active ~ Not active < 2-fold induction
Perfluoro-tridecanoic acid (PFTrA) C13F2505 ~ Not active < 2-fold induction
Perfluoro-tetradecanoic acid (PFTeDA) CuF270," Not active < 2-fold induction
Perfluoro-butane-sulfonic acid (PFBS) CsF903S~ Not parallel < 2-fold induction
Perfluoro-hexane-sulfonic acid (PFHXS) CsF130sS ~ 0.41 ;:cz:fz)tlin 0.61
Perfluoro-octanesulfonic acid (branched-PFOS) CsF170sS~ 0.26 :nijgtli(in 0.40
Perfluoro-octanesulfonic acid (linear-PFOS) CsF170sS” < 2-fold 1

induction



Dutch Be-Basic Project



xample CALUX profiling: pesticides vs heavy metals

no activity
EC10 = 1E-3M
EC10 = 1E-7M

endocrjne asgays stress/ acute toxicity

: Eﬁﬁﬂﬂﬁ Clearly different profiles!
pesticides:
- endocrine activity
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Example CALUX profiling:

REPs for CALUX panel of Dirty Dozen

‘l’ \l/ no activity
EC10 = 1E-3M

JEC10 = 1E-7M

Clearly different profiles!
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pesticides:
- endocrine activity

Chlordane
p,p'-DDT
Dieldrin
Pesticide POPs_] Endrin
Heptachlor
Hexachlorobenzene FEREIS
Mirex
Toxaphene
PCB118
PCB126
PCB128
Non-pest. POPs— ocgis6
TCDD
Furan

PCB/PCDD/Fs:
- AhR receptor activity
- anti-AR, anti-PR

Values indicate relative potency (REP) values compared to the reference
compound activity. Yellow ->red = increasing relative potency. Reference
compounds: ERa; E2. AR-anti; flutamide. PR-anti and GR-anti; Ru486. DR;
TCDD. PAH; Benzo-a-pyrene.




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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HCH
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HCH
delta-
HCH
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Dieldrin
Endrin
o,p-DDT
p,p-DDT
PCDDs,
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PBDEs,
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EU DEMEAU Project



@@ DISSEMINATION
-— — Bioassays in water quality monitoring

» PRE-SCREENING technique = monitoring bioactive

micropollutants

» COST-EFFECTIVE complementary tool

to chemical analysis

L@

» Incorporates MIXTURES and UNKNOWNS




> Dutch & Australian case studies

Screening toolbox

il il

Relevant
endpoints

Xenobiotic metabolism

Hormone-mediated MoA

Reactive MoA

Adaptive stress response

Developmental toxicity

Lipid metabolism

Photosynthesis

General response

Encouraging examples

PXR activation
AHR activation
CAR

Estrogenicity
Anti-androgenicity
Glucocorticoid activity
Progestagenic activity
Thyroid activity

Mutations (AMES, SOS)
DNA repair {umucC)

DNA damage response {(Micronucdleus)

Oxidative stress pathway

Preimplantation toxicity
Embryonic development
Placenta

PPARa, PPARy

Photosynthesis

Cytotoxicity
Viability
Vibrio fischeri {(Microtox)
Algae growth

CORUTOETIY,

Benchmarking Organic Micropollutants in Wastewater, Recycled
Water and Drinking Water with In Vitro Bioassays

Beate L. Escher,*' Mayumi Allinson,™* Rolf Altenburger," Peter A. Bain,* Patrick Balaguer,”
Wibke Busch, Jordan Crago," Nancy D. Denslow,® Elke Dopp,® Klara Hilscherova,
Andrew R. Humpage,” Anu Kumar,® Marina Grimaldi,” B. Sumith Jayasinghe® Barbora Jarosova,!

Ai Jia Sergei Makarov® Keith A- Maruya,® Alex Medvedev.2 Alvine C. Mchinto,® Jamie E. Mendez,®
Anita Poulsen,® Erik Prochazka ™ Jessica Richard,® Andrea Schifferli,® Danicl Schlenk,” Stefan Scholz,”
Fujio Shiraishi,* Shane Snyder,™ Guanyong Su,* Janet Y. M. Tang' Bart van der Burg®

Sander C. van der Linden,® Inge Werner,® Sandy D. Westerheide,® Chris K. C. Wong® Min Yang”
Bonnie H. Y. Yeung®™ Xisowei Zhang™ and Frederic D. L. Leusch™

DR/PAH-CALUX

Era-CALUX
AR-CALUX
PR-CALUX
GR-CALUX

TRB-CALUX

RAR-CALUX

P53-CALUX
P53 59+ CALUX (?)

Nrf2-CALUX

ZFET

PPARa, PPARy, PPARS

Cytotoxicity
Cytotoxicity 59+




Bottlenecks & solutions: first step
@E ...to identify the relevant toxic endpoints
of all relevant WFD compounds

\

» Change conventional monitoring practice
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Bottlenecks & solutions: 3nd step
@__E TEQ value approach to handle a complex
mixture of endocrine disrupting chemical

> Regulatory acceptance

w\

Relevant Minimal

. . Selection Trigger
toxicological . panel of
. criteria . values
endpoints bioassays
Low/High risk???
In vivo
relevance /

Health impacts

1.) TEQ value approach

Food safety (e.g. dioxins)
Learning from existing safety
assessment practice

Tomvonemess insermatisal ¥ (3811) 103118

Crlants kit ivalabls ol SoiVieis Sosnoelect

Environment International Pawd

journal homepage: weww. alsavier. eom/locate/enving

Trigger values for investigation of hormonal activity in drinking water @ —
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 **
R S ——

* Btk P yrdern B Y. Amvdrs e i Pk 800, 10798 TN Asrsieriam, The Portbarlest.

* Matsorsl Bt Jor Publc Hralh v the Forvirommsrnt ( EM) Anowsr v Lrvrsermhoidasn 9, 101 Ban 1. 1720 B4 Riltiuorn, The Nerhewiats

Trigger value

ER-CALUX 3.8ngE2-eq/L
AR-CALUX 11 ng DHT-eq /L
GR-CALUX 3.8 ng DEX-EQ /L
PR-CALUX 3.8 ng Org2058-eq / L



m} Anu Kumar and Peter Bain from CSIRO, Australia:
- Endocrine activity in wastewater extracts during treatment

Chanees o ooy e cmwes o g e Eevirews Toxdcod  Jacwe Srrs, BDO14 &
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Anu Kumar and Peter Bain from CSIRO, Australia:

Endocrine activity in wastewater extracts during treatment
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e ER CALUX vs Chemical analysis (E1, E2, EE2)

Table 4. Companisom of prdiced md mezered intal smgenicty & dferet sages of winiewaier ament’
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www.ofi.at

Detection and Identification of Endocrine
Active Substances in Food Packaging

OFI Austrian Research Inst. for Chem. and Tech.

Christian Kirchnawy
and
Johannes Mertl

S A(':R September 2014
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Concentration step
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@\Aore than 300 food packaging analysed for hormone activity:

 PET, PP, PE, PS, composite films, paper, food cartons
» About 85% of analysed packaging did not show any hormone activity!

« Era CALUX®: about 15% estrogen active, activities lower than
expected, based on studies on mineral water

* No sample was tested androgen or thyroid hormone active

« Some of the estrogen active migrates were
also antiandrogen active

« 8 out of 70 samples showed very low activities
in the PPARy CALUX®




@g‘ Mostly non-intentionally added substances (NIAS):

Identification by GC-MS and HPLC-MS difficult !
Substances identified that cause hormone activity:
« Degradation products of antioxidants

« 2,4-dicumylphenol @

* 4-cumylphenol

» By-products of polystyrene polymerization ? .
« 1,3-diphenylpropane O
O  trans-1,2-diphenylcyclobutane
‘ CHa « 1,1,3-trimethyl-3-phenyl-2H-indene
HsC ScH, ¢ 2,4-diphenyl-4-methyl-1-pentene



EDS

Estrogen activity [pg EEQ/g plastic]

80
70
60
50
40
30
20
10

PP-Sample: Effect of processing on endocrine activity

O W,
p1&-p3bio — 0.

Antioxidant Alkanox 28
(no estrogen activity)

4-Cumylphenol
(estrogen active)

1

untreated

200°C/ 2h



0’ INIA

Instituto Nacional de Investigacion
y Tecnologia Agraria y Alimentaria

DOSE RESPONSE CURVE IN
DR-CALUX

High oil spil activity observed in DR CALUX
(By Dr. J. Navas Team, INIA, Madrid)

40
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UL/ug protein

Laill
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© o x\& x\& \,\@% x\@u x\o;a x\@ NIV

dilution

ED50= 1/47
NOED<1/512

Summary:

Water soluble fraction of Prestige’s fuel
iInduces CYP1A and activates AhR
Such AhR activation can been
associated with disruption of the
estrogen receptor (ER) mechanisms of
action, which can probably lead to
reductions of the reproductive
performance.




Monitoring of endocrine disrupting chemicals in our
daily life:

House dust as marker for emerging endocrine disrupters
In households

24



@m Indoor house dust (5 countries) as marker for

“household EDCs and obesogens”
(Suzuki et al EST 2013)

dose eliciting agonistic
effects” dose eliciting antagonistic effects”

dustestract ERax GR PPARy2 AR PR GR PPARy2

PRANIGONISM | i requency JINHD 12 NE 120 120 39 120 120
ERoragonism - JPNOD 12 NE NE 120 38 120 120

AR antagonism USHDI 38 110 NE 38 38 NE 1l
__ |PPARy2 antagonism ) UsHD2 3 NE NE 38 38 NE 110
F \ GR agonism | US HD3 2 40 NE 38 38 NE 120
' | ‘ ERa antagonism, | US HD4 39 100  NE 120 120 NE 120

: AR agonism VNHDI 110 NE NE 110 110 NE NE

PR agonism - VNHD2 110 NE NE 110 39 NE NE

PPARY2 agonism | PHLHDI 70 NE NE 70 23 NE 70

6R antagonism PHLHD2 6 NE NE 6 69 NE 69

------ PHLHD3 72 NE NE 72 72 NE 72

0123456 IND HD1 140  NE NE 140 140 NE NE

Distance INDHD2 NE NE NE NE NE NE NE
25




Many compounds in house dust
& many CALUX effects =

many more studies neede
- y R&D stud ded
agonistic effects (M) antagonistic effects (M )
ERa PPAR;2 FRa PR GR PPAR;2

compounds REC, ECy, REC, ECy RIC,, IC,, RIC,, IC, RIC,, IC, RIC,, IC,, RIC,, IC,,
E2 0 107 42w — — — — — — — — — — — —
ROS — — Lox 107 s2w10t — — — — — — — — S —
FLU — — — — X1 28x107 — — — — — — — —
TAM —_ —_ —_— —_ —_ — Lox 107 33xwt — — — — — —
RU486 — — — — — — — — 73107 Tox 10" wx1w0t 2wt — —
CWos62 —— — — — — — — — — — — — 0% 107 g4 w0
BDE-47 10 107 NC L% 107 NC 30%1077  52x107  NE NC X107 L2 NE NC ME NC
BDE-%% 0% 0% NC NE NC 30x1077 97x107  NE NC 30X LIx W NE NC NE NC
BDE-100 10x 107 51 x107° NE NC 0x107% 98x107°  NE NC WOXIW0TT 37x 107 NE NC NE NC
BDE-183 NE NC NE NC 0% 107% 33x10°  NE NC Lox 107" L5x 10  NE NC NE NC
BDE-209 NE NC NE NC NE NC NE NC NE NC NE NC NE NC
+~HBCD  NE NC NE NC 0% 107%  NC NE NC 01077 38x 107 NE NC NE NC
TBBPA 0% 107 NC L% 107 NC L0 %107 NC NE NC Lox 107 NC MNE NC NE NC
TMP NE NC NE NC NE NC NE NC MNE NC MNE NC NE NC
TEP NE NC NE NC NE NC NE NC ME NC ME NC NE NC
TP:P NE NC NE NC NE NC NE NC ME NC ME NC NE NC
TNBP 0% 107 NC NE NC 0% 107%  NC NE NC X0 42x 10 NE NC NE NC
TCEP NE NC NE NC NE NC NE NC MNE NC ME NC NE NC
TCIPP NE NC NE NC 0% 107%  NC NE NC X0 LIx1W0® NE NC NE NC
TOCIPP  30% 107 NC NE NC L0x 107" 19x10™ NE NC 30x1077 85107 NE NC NE NC
TBOEF  NE NC NE NC NE NC NE NC Lox 107 NC NE NC NE NC
TPHP 10x 10  33x10¢ NE NC 0% 107%  58x100° NE NC L0x 107  19x10¢ NE NC NE NC
TEHP NE NC NE NC NE NC Lox 107  NC NE NC 0% 107°  NC NE NC
TMPP 1o 107 NC NE NC %107 41x107°  NE NC X107 L4x 10 NE NC NE NC
L6TXP  10x 107 83x 10 NE NC L0x 10 22x10™* NE NC Lox10™® L$x 10 NE NC NE NC
TOP NE NC NE NC NE NC NE NC NE NC NE NC NE NC
LTIPFF  NE NC NE NC L0x107%  35%107% 30x10° NC L0%107% 30X 0% 10X NC NE NC
3-TIPFP  NE NC NE NC L0 %1078 NC NE NC LOx 107 35x 10" NE NC NE NC
4TIPFP  NE NC NE NC L0 %1078 NC L0x 107 NC 0% 107 NC 10 %107 NC Lo 1078 29 % 107°



High persistent dioxin-like activity in house dust

L
10000
o COutller
L] 1 ‘
‘E,E A ' : 0t e
w B biv i i |
% el T — 75% e
|
3 A
5 L Verage
Meadian
g 100 —I—
- 1585
i 107 Stle
10 -
A 3 3 3 \)
A Y Y )
¢ \ ¢ ¢
3 § & A
¢ & §
\j \d & & ebq“
\@\4 \'5’$ § oy
g9 & S
3 N \\);\ :2,0 QPG\
&9
% 3

U-HD from Japan {n=19) U-0D from Japan (n=14)

PCDDS, 24%

" ks, 3% ;
PROFs 18%

PCOFs, 12% PCODs, 4.9% ~

PCOFs, 6.2% Co-PCBs, 0.88%

BN, 0.10%
Co-PCB, L0%

U-HO from Vietnam (n=2) EWRV-HD from Vietnam (n=20) U-HD from United States (n=21)

PBORS, 0.11%
| PBORS,0.11 PBDFs, 0.23%

CoPCBs, 087%
PCDFs, 4.2%

- PBOFs, 18
PCDFs, 0.6%

PCDOs, 2.7%

Co-PCBs, 0.37% PCDOs, 9.2%

PCODs, 16% PCOFs, 11%

Fig (1), Companson of dioxin-bke activity (pg CALUX-TEQ/z) found tn indoor dusts collected from Japan [31], Vietnam [37] and United States [38]. U-HD,
teban howse dust, U-0D, ueban office dust; EWRV-HD, E-waste recycling village house dust.

Suzuki et al (2014), Current Organic Chemistry 18



/ Ant-agonistic effects more relevant
than agonistic effects

(a) Composite crude extracts of indoor dusts

Compounds Agonistic reults (REC,, pg-dust) Antagonistic results |RIC,,, ug-dust)
AR ERc PR GR PRARYZ PRARYZ
AP U-HD MNE 12 MNE MNE 120 120
APM U-0D ME 12 ME MNE MNE 120
us u-HD1 ME 38 MNE 110 MNE
us U-HDZ ME 38 ME MNE MNE
USs L-HD3 ME 12 ME a0 MNE
us U-HDS ME 39 ME 100 MNE
VN U-HDL ME 110 ME NE MNE
VN U-HD2 MNE 110 MNE MNE MNE
PHLU-HD1 ME O ME MNE MNE
PHL U-HD2 MNE =] MNE NE MNE
PHLU-HDZ ME T2 ME MNE MNE
IND U-HDL MNE 140 MNE NE MNE
IND U-HD2 ME ME ME NE MNE
() Flame retardants (FRs)
Compounds Agonistic reults (REC.. M)
AR ERa PR GR GR PPARy2
BDE-AT MNE 1LOE-O& MNE MNE NE MNE
BDE-99 MNE 20E-06 MNE NE NE MNE
BDE-100 MNE LOE-O6 MNE ME MNE MNE
BDE-1383 MNE MNE ME MNE MNE MNE
BDE-209 MNE MNE MNE MNHE NE NE
y-HBCD MNE MNE MNE MNE NE MNE
TEBERA MNE LOE-O5 MNE MNE 1.0E-05 L.DE-05 MNE 1 0E-D5 NE ME
ThP NE MNE MNE MNE MNE MNE NE NE NE MNE
TEP MNE NE NE MNE NE ME NE MNE NE MNE
TPre MNE NE NE NE NE MNE NE NE MNE
IC e LUE-US ME e ME LS [ mNE NE NE
TCEP MNE MNE MNE MNE MNE MNE MHE MNE
TCIPE MNE MNE MNE MNE MNE NE MNE
TDICIR R MNE ZDE-O06 MNE MNE MNE NE MNE
TREPR MNE MNE MNE MNE MNE NE NE
TRhE MNE LOE-O6 MNE MNE MNE NE NE
TEHP MNE MNE MNE MNE MNE 1.DE-05 ME
TCP ME 1.0E-06 NE MNE NE MNE NE
2,6-TXP MNE MNE NE NE NE NE
TOP MNE BE ME ME NE ME ME
2-TIFP MNE ME MNE MNE ME L.OE-05 MNE
3-TmPpP MNE ME ME MNE ME ME
4-TIPP MNE ME MNE MNE MNE

Fig (4). Agonistic and antagonistic potencies on AR EF. o , PR, GE.. and PPAR v 2 of {(a) composite crude extracts of indoor dusts collected from Japan (JPIV).
United States (IIS), Vietnam (WVIN), the Philippine (PHL) and Indonesia (IND) and (b) flame retardants (FEs) [84]. RECs: Agonist concentration indicating 5%
mnduction. FIC: Antagonist concentration indicating 80% induction. NE: No effect at about 70 » g-dust in well for PHL and about 100 v g-dust in well for
JPM, US, WVIN and IND for indoor dusts and at 1 0E-5 M for FRs. U-HD. uwrban house dust; U-OD, urban office dust.



