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EU technical report (2014):
] Aquatic Effect-based Tools — the way forward to
evaluate mixtures in a hon-animal testing way

ERa CALUKX (agonistic/antagonistic)

The ERa Responsive (ERa) CALUX® comprises a human bone marrow cell line (U20S),
incorporating the firefly luciferase gene coupled to Estrogen Responsive Elements (EREs) as a
reporter gene for the presence of estrogens and/or estrogen-like compounds. Following binding
of estrogens or estrogen-like compounds to the cytosolic estrogen receptor, the ligand-receptor
complex binds the ERE. Cells that are exposed to estrogens and/or estrogen-like compounds
not only express proteins that are under normal circumstances associated to ERE, but also
luciferase. By addition of the appropriate substrate for luciferase, light is emitted. The amount of
light produced is proportional to the amount of ligand-specific receptor binding, which is
benchmarked against the relevant reference compounds 173-estradiol. ERa CALUX bioassays

DR CALUX

The Dioxin Responsive (DR) CALUX® comprises rat hepatoma cell lines (H4IIE),
incorporating the firefly luciferase gene coupled to Dioxin Responsive Elements (DREs) as a
reporter gene for the presence of dioxins (PCDDs) and dioxin-like compounds (e.g. furans
(PCDFs) and dioxin-like PCBs (dIPCBs)). Following binding of dioxins and/or dioxin-like
compounds to the cytosolic Arylhydrocarbon receptor (AhR), the ligand-receptor complex binds
the DRE. Cells that are exposed to dioxins or dioxin-like compounds not only express proteins
that are under normal circumstances associated to DRE, but also luciferase. By addition of the
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appropriate substrate for luciferase, light is emitted. The amount of light produced is
proportional to the amount of ligand-specific receptor binding, which is benchmarked against
the relevant reference compounds (2,3,7,8-TCDD). DR CALUX bioassays report total 2,3,7,8-
TCDD TEQs for environmental matrices and total BEQs for food/feed matrices.

What is analysed (endpoint; unit): ng 2,3,7,8-TCDD equivalents/kg sample processed
Test duration: 24h

report total 17B-estradiol equivalents for environmental matrices.

What is analysed (endpoi
Test duration: 24h
Method used: Dutch Rikswaterstaat RIKZ-Specie-08 guideline; Australian Water
Commission; Ongoing evaluations at the ISO-TC 147 standardisation group led by BFG-
Germany; EPA California; China National Water Quality Monitering in Jinan.

unit): pg 17p- di its/g sample pr

« Positive control used: 17p-estradiol (E-2)
+ Method used: Marine Quality Assurance procedures available in the future through « Matrices (sediment, water, tissue etc) that can be investigated: Any type of sample.
between particular independent laboratories (Davies & Vethaak 2012 * Cells examined: Human bone marrow cell line
+ Positive ‘::ontrol used:P26,3,7,B-TCDD ( ) « Sample volume or mass needed for different matrices: Depending on type of material
5 i : i 5 - analysed and required Limit of Quantitation (LOQ) (see below).
* chatrlc: sla(semi?ﬁ ntt’“‘:v ater, fissue Et(;) t?at ca'.‘ b;] Investllgated._ Any typte o.f sar;\plfe, blg « What /type of/ substances does the assay respond to Binding to the Estrogen receptor
8 substances tnalLeieesay reSpongs Siaye in Ireiggranc environment primarly Toun (alpha and beta for original ER CALUX and only alpha for ERalpha CALUX)
accumulated in e.g. sediments and biota (fissues). +  Sensitivity (LOD/Q): The bioassays’ LOQ is 35 pg 17p-estradiol equivalents per amount of
¢ Cells examined: Rat liver cell line material processed. For example, if 5 grams of dried soil/sediment or 1 liter of water is
+ Sample volume or mass needed for different matrices: Depending on type of material processed an LOQ of 7 pg 17B-estradiol equival per gram of soil/sediment or 35 pg
analysed and required Limit of Quantitation (LOQ) (see be|0w)_ 17B-estradiol equivalents per liter of water is obtained respectively. Original ER CALUX: 0.1
« What /type of/ substances does the assay respond to: Ah receptor active compounds, ng EEQ/I water (see e.g. Leusch, 2008). : .
e.g. Polyhalogenated dioxins/furans, dioxin like PCBs, and if using other pretreatment of = Variability (e.9- G tor sindlggubstance iggls) if known: < 20./" .
samples also PAHs (see PAH CALUX). « Influence by cytotoxicity/risk of false positivesinegatives: Depending on the SPE
A 5 N . . extraction/clean-up as well as type of water matrix.
. SenSItl\(lty (LOD/Q): . The bloassay_s LOQis 1pg _2,3,7,?—TC[_)D equlvalgnts per amount « Complexity/learning period: 1 week of training
of material processed. For example, if 5 grams of dried soil/sediment or 1 liter of water is « Costs: Low™. Costs are generally not depending on matrix studied.
processed, an LOQ of 0.2 ng 2,3,7,8-TCDD equivalents per gram of soil/sediment or 1 ng « Commercial availability: Commercial ISO 17025 accredited performers available
2,3,7,8-TCDD equivalents per liter of water is obtained respectively. s+ WFD relevance: This bioassay analysis is more sensitive than most chemical analyses

« Variability (e.g. CV for single substance tests) if known: <20%

+ Influence by cytotoxicity/risk of false positives/negatives: As the sample is cleaned up
by a sulphuric acid treatment and afterwards with an additional step to separate dI-PCBs
from PCDDIFs, cytotoxicity is rarely occurring. In case of false positive/false negative
guided levels has to be established to compare it with. In case of the EC project
HORIZONTAL no false positive or false negative samples occurred. For such methods
usually a false positive and negative ratio of 5% is reasonable.

+ Complexity/learning period: 2 weeks of training

¢ Costs: Low® especially compared to chemical analysis of dioxins and dioxin-like
compounds. Generally not depending on matrix studied.

« Commercial availability: Commercial ISO 17025 accredited performers are available

{lowest LOD reported by Loos 2012 is e.g. 0.1 ng/l for a chemical analysis of EE-2 and E-2,
if using USEPA method 1698; in practice the LOQ that is possible to reach by regular
laboratories is generally higher). The assay could therefore be very valuable on a screening
level to identify water bodies at risk due to the combined exposure to a large number of
estrogenic substances that could constitute RBSPs (see case studies “Laxsjon —
ir igating sediment cor ination, using chemical and in vitro bioassay approach”) and
to lower the frequency of analytical high end monitoring in water bodies for E2. EE2 and E2
are also suggested to be included in 2008/105/EC. Because EE2 is significantly (about 10-
25 times) more potent in vivo than E2, but only 3 times more potent in ER CALUX, this
should be taken into account if evaluating data in an absclute manner (comparison with
EQS), when considering the need for additional studies. In vivo studies of oestrogenic
response, or using precautionary EE2 equivalents can be considered, if the presence of
EE2 is likely, e.g. via high ratio of municipial waste water. The EU-EQS proposal for E2 is
based on a SSD approach of the most sensitive aquatic organisms, and concludes that an
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Techniques for JDS4:
New ISO and OECD Standards for
estrogen analysed by ER CALUX

OECD/OCDE 455
ANNEX4

Stably Transfected Human Estrogen Receptor-o Transactivation Assay for Detection of Estrogenic
Agonist and Antagonist Activity of Chemicals using the ERa CALUX cell line

INTTIAL CONSIDERATIONS AND LIMITATIONS (See also GENERAL INTRODUCTION., paze
1)

1. The ERa CALUY transactivation assay uses the luman U205 cell line to detect estrogemic agomist
and antagonist activity mediated through human estrogen receptor alpha (RERa). The validation study of the
stably transfected ERa CALUX bioassay by BioDetection Systems BV (Amsterdam, the Netherlands) using
the human U20S cell Line o detect estrogemc agomst and antagomist actmaty mediated through human
estrogen receptor alphs (hERa) demonstrated the relevance and relisbility of the assay for its intended
purpoze (1). The ERa CALUX, cell line expresses stably transfected human ERa cnly (2) (3).

2. Ths test method 15 specifically dezzned to detect hERa-mediated transactivation by measun
chemilummescence 25 the endpomnt The use of chemilumy ] ly wsed in bioassays becan
of the lugh nignal-to-noise rano (4).

3. Phytosstrogen concentrations higher than | uM have been reported to over-activate the lueifera
reporter gene, resulting in non-receptor-mediated luminescence (5) (6). Therefore, hagher concentrations
phytoastrogen: or other simlar compounds that can over activate the Ineiferase expression have to

examuned carefully m stably transfected ER transactivation assays (see Appendix 2).

4 The “CENERAL INTRODUCTION" and “ER TA TEST METHOD COMPONENTS” (pag
1-14) should be read before using this test method for regulatory purposes. Definitions and abbrewiations
wsed mn this TGare desentbed m Anmex |

PRINCIPLE OF THE TEST METHOD (See also GENERAL INTRODUCTION. page 1)

5. The bioassay 15 used to assess ER ligand binding and subsequent translocation of the receptor-
ligand complex to the nucleus. In the mcleus, the receptor-ligand complex binds specific DNA response
elements and transactivates a firefly luciferase reporter gens, resultng in mcreased cellular expression
of hciferase enzyme Following the addition of the luciferase substrate luciferine, the luciferine 15
transformed mto a bioluminescent product. The light produced can easily be detected and quantified
wsing 2 luminometer

6. The test system ufilises stably transfected ERa CALUX cells. ERa CALUX cells ongmated from the
buman osteoblastic ostensarcoma U2-0S cell lme Human U2-0S cells ware stably transfected with
3xHRE-TATA-Luc and pSG5-neo-hERa using the caleium phosphate co-precipitation method The U2-05
cell Line was selected as the best candidate to serve as the estrogen- (and other steroid hormons) responsive
reporter cell line. based on the ohservation that the U2-05 cell line showed little or no endogenous receptor
activity using reporter plasmuds only. Furthermore, thus cell lme supported strong hor diated
responses when cognate receptors were transiently mfroduced (2) (3) (7).
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COMMISSION RECILATION FIT M17/44
ol 5 apail 2017

h;ig&dmmedndsnf ling and amlysis for the contral of lerels of dicxims, cioxin-like
" nondicviniks PUBs i Gern ool and repealing Regubation (EU) No 5891015

(Texr wich FE4 relevance)

L4, Tioanalydca] meehods mezn: mechods based on he use of biolagical principles such = cellbased asaps,
Teeptorasiays of immurnassays, They do ot give resulss ar the congener level bue mesely an indicesion [) of
the 0 leve, expreced in Bivanalyicdl Bpuvaenis (B8} o acknowldps dhe Bor ha noc ol compounds
prezene in 3 smple emrace chae produce 3 reponse in e e may mee all requremenss of de
TEprinciple.

Bioanalytical screeming mthods

— The recule of the scresning shall be exprested as compliant or suzpscesd eo be non-compliane {tuspecred).

— In zddition, an indicasive result for PCOD|F andfor disxinlike PCB: esgj_md in BEQ) (not TEQ) may be
given (322 point 1). Samples with a response below e reporting limit :hall be expreszed 2z lower than the
reposting limir. Samples with 2 response above dhe working range shall be reporeed 25 excesding dhe
working range and the level corresponding e the upper end of the working ranpe shall be given in BEL).

— For each type of mample maeric the repore chall mention dhe meximum or acion level on which de
evaluarion i based.

— The repore thall menrion the type of tax applied, the basic tes principle and kind of calibrarion.



EC 605 (2018):
} Endocrine disrupting chemical =

e endocrine mode of action
]
20.4.2018 Cfficial Journal cf tae European Union L 101/33

COMMISSION REGULATION (EU) 2018/605
of 19 April 2018
amending Anncx II to Regulation (EC) No 1107,2009 by sctting out scientific criteria for the

determination of endocrine disruntinﬁ Broperties

(Text with EEA relevance)

‘From 20 October 2018, an active substance, safener or synergist shall be considered as having endocrine disrupting
properties that may cause adverse effect in humans if, based on points (1) to (4) of the sixth paragraph, it is
a substance that meets all of the following criteria, unless there is evidence demonstrating that the adverse effects
identified are not relevant to humans:

(1) it shows an adverse effect in an intact organism or its progeny, which is a change in the morphology,
physiology, growth, development, reproduction or life span of an organism, system or (sub)population that
results in an impairment of functional capacity, an impairment of the capacity to compensate for additional
stress or an increase in susceptibility to other influences:

(2) it has an endocrine mode of action, i.e. it alters the function(s) of the endocrine system;

(3) the adverse effect is a consequence of the endocrine mode of action.




m First new EU guidance for endocrine disrupters
— in case of biocides and pesticides (2018)

ADOPTED (ECHA): 05/06/2018 Table 12: Parameters in OECD CF Level 2 ‘in vitro mechanistic’, for which guidance is provided in
ADOPTED (EFSA): 05/06/2018 OECD GD 150.
Test guideling
US EPA
OPPTS 890.1250 | 890.1150 890.1200
Binding
Guidance for the identification of endocrine disruptors in the ERTA | bral | o | ARTA
context of Regulations (EU) No 528/2012 and (EC) No (hg;”;"] {Emlﬁr torat | (human AR- re;ﬂ]"::am :"ng:;
, androgen | EcoScreen™) | ™
1107/2009 expressing | (OECD) i microsomes | cells
receptor | cellline
ERa | estrogen
Species / in vitro test system receptor
European Chemicals Agency (ECHA) and European Food Safety Authority (EFSA) with support . E E A A 5 5
from the Joint Research Centre (JRC). Indicative of: *
Androgen receptor X X
bindinal iva
Abstract
This Guidance describes how to perform hazard identification for endocrine-disrupting Aromatase X
properties by following the scientific criteria which are outlined in Commission Delegated
Regulation (EU) 2017/2100 and Commission Regulation (EU) 2018/605 for biocidal products Estrogen receptor
and plant protection products, respectively. bindingiransactivation X X
Serod s losiadil
© 2018 European Chemicals Agency and © European Food Safety Authority. mmﬁe X
synthesis)

Key words: biocidal product, plant protection product, endocrine disruptor, guidance,

hazard identification ¥ Based on OECD GD 150, indicative of: the (E)strogen-; (Alndrogen-; (S)teroidogenesis- or (T)hytoid- modalities.



EU project DEMEAU

Water Framework relevant compounds &
Bioassay Multiple Mode of Actions Screening

st @ o
© O oF <]
SFIEE $
1 [Anthracene 6 =6 =6 =6 =6
2 |Benzo(a)pyrene 3 vw. >3
Benzo(b)fluoranthene >6 >6 >6 >6 >6 >6 >6
Benzo(gh,i)perylene
Benzo(k)fluoranthene >6 >6 >6 >6 >6 >6 >6 >6
Indeno(1,2,3-cd)pyrene >-56 >-56 >-56 >56 >-56 >
M 3 [C10-13-chloroalkanes >5 >5 >5 >5 >5 > >5 »5 »5
m 4 | Cadmium chloride 5 5 >.49--409--40>-4 ‘\:.va‘f
& | 5_|Endosulfan 5 .v‘u >5 45> 4> 45545
M 6 |Hexachlorobenzene >5 vw. >5 >5 =5 Sl = sl
m 7 [Hexachlorobutadiene >5 >5 >5 >5 >5 =5 Sl = sl
m 8 |Hexachlorocyclohexane >6 >6 >6 v‘m. >6 >6 >6 >6
m 9 | metylmercury(ll) chloride v‘wmv‘wm. ‘wm..v‘wm
mercuric chloride 3 >.4.9>.49>49>.4] 4. m.va 8>48
10 [ Nonylphenol technical mixture [~53 v‘mu. un.v >53
11 [Pentachlorobenzene >6 >6 >6 >6 >6 > >6 >6 >6
12 (PBDE 100 >8 >8 >8 >8 >8 > >8 >8 >8
PBDE 47 }-6.9>6.9>-6.9>-6.9>-6 9 >-6| 6.9>-6.0>69>6.9
13 | Tributyltin-cation / hydride >6 >6 >6 >6 >6
1 |Alachlor >5 >5 >5 >5 >5 >5 5
2 [Atrazine 3 >35 5 >35>35>
3 [Benzene >4 >4 >4 >4 >4 >4 >4
4 |Chlorfenvinphos >5 >5 >5 >5 >5 >5 >5
5 | Chlorpyrifos-ethyl >6 >6 >6 >6 ) >6 >6
6 |1,2-Dichloroethane >4 >4 >4 >4 >4 >4
" 7 [Dichloromethane >5 >5 >5 >5 >5 >5
3 | 8 |pi(2-ethylhexyl)phthalate (DEHP)|~6 =5 =6 =6 -6 =6
nNn 9 [Diuron >5 >5 »5 >5 >5 >5
N 10 | Fluoranthene >6 >6 >6 >6 6 =6
@ |11 |Isoproturon 54 s >4 4 >4 5 a4
m 12 | Lead chloride 4 3 B >3 3
M 13 [ Naphthalene >5 >5 >5 >5 >5 >5 »5
& |14 [Nickel (i) chloride 4 3 352355355 3 a3
15 | 4-n-octylphenol >.5 vw. >5 27 >5 >5
4-tert-octylphenol >5 v‘w. Vu. >5 >5
16 | Pentachlorophenol -5 -4 >49>49>49>4 >4 >4
17 [Simazi >6 >6 >6 >6 >6 >6 >6
18 [Trichlorobenzenes 527 392 5922 322 22 >27 22 .m
19 |Trichloromethane =chloroform [>4 >4 >4 >4 >4 >4 >4 | -
20 [Trifluralin >6 >6 >6 >6 >6 >6 >6 e
1 [AMPA > U > > U wjd
2 [Bentazon >4 >4 >4 >4 >4 a
3 |Bisphenol-A 4 4 .vL. w
4 |Dicofol >5 >5 . >5 .
5 |EDTA ol Bl Bl Bl B n
M 6 |Free cyanide —
M 7 |Glyphosate -4.3>4.3>4.3>43>43>4| 1 43>43>43>43 n
o 8 [Mecoprop >4 >4 >4 >4 >4 > >4 >4 >4 >4
% | 9 |Muskxylene b6.2>62562562>6256 [ 625>.62>62562 o
[=] -_—
2 PCB118 5 >4 >45>45>45>4 >4 -4 >4 >4 whd
= PCB126 5 4 5485485484 44>44 5 ()
PCB128 >4 >4 >5 >5 >5 4 >4 54 A
10 | PCB156 5 -4 . ~5 =5 ~4
11 |PFOS >-6.7>6.7>6.7 >6.7>67 > >67 S
12 | Quinoxyfen >6 >6 >6 >6 >6 6 >6 >6 >6 o
13 [TCDD b-68>68 >9 >9 >9 -6.8>-6.8>6.8>6.8 s
1 |17a-ethinylestradiol >6 >-6 >6 >6 >6 e
2 |Aclonifen >6 >6 >6 >6 >6 >6 >6 >6
3 [Benzotriazole >4 >4 >4 >4 >4 >4 >4 >4 d
4 |Bifenox >6 >6 >6 >6 >6 >6 >6 >6 o
5 |Carbamazepine 4 3 (>4 >4 >4 -3.4>-3.4>34>3.4 M
6_|Cybutryne >6 >6 >6 >6 >6 >6 >6 >6
| 7 |Cypermethrin >6 >6 >6 >6 >6 56 6 =6 >6 wjd
8 lofenac >4 >4 >4 >4 >4 >4 >4 >4 n
w» |9 |Epoxi-Car i >5 >5 >5 >5 >5 >5 >5 >5 a
m 10 |estriol =5 ,\‘w. ,\‘m. v
.m 11 | Gemfibrozil >5 >5 »5 »5 >5 e
12 [lopromide >4 >4 =4 >4 >4 —
13 [Isodrin >6 >6 >6 >6 >6 e
14 | Ph >4 >4 -4 >4 =4 S
15 | Primidene >4 >4 >4 >4 >4 ajd
16 If: h, 1l >4 >4 =4 >4 >4 s
17 [Terbutryn >5 5 »5 >5 »5 o
18 |Tetrachloroethylene >5 >5 >5 >5 >5 M
19 [Trichloroethylene >4 >4 >4 >4 >4
20 | Trimethoprim >4 >4 >4 >4 >4

, Nrf2, p53 genotoxicity @ DEMEAU

ER, anti-AR, anti-PR, anti-GR, PXR, AhR



BDS/

Proposed techniques and target
effect-based trigger (EBT) values

T
Mode of Reference International Method Effect- 1 to 3- 3-to Above Above
Action Compound Standard e.dg. based times 10- 10- 100-
triggervalue EBT times times times
level EBT EBT EBT
level level level
Estrogenicity ng eq E2/I ISO 19040 Human 0,3
or Yeast
OECD TG TA cell
455 assay
Inhibition Mg eq OECD TG Human 3,3
Androgenicity Flutamide/I 458-like or Yeast
TA cell
assay
AhR receptor ng eq Rat liver 6,2
activation B(a)P/I cells
H4llE
TA
assay
Adaptive ug eq ISO 19040- Human 26
Stress (Nrf2) dichlorvos/I like TA cell
OECD TG assay
455 like
Early warning ug eq ISO 19040- Human 272
chemicals: DEHP/I like TA cell
Activation assay
pregnane x OECD. TG
receptor 455-like
(PXR)




EEB Goals of our organisation

Use state of the art high-through-put robotics BliOlogical screening tools
for many important Mode of Actions for water and biota

Use biodiagnostic tools to monitor and improve water and biota

Use international accepted bioassays for e.g.

- water (for estrogens: ISO 19040-3) and

- biota such as fish (for dioxins/dI-PCBsEC/771/2017;

for anti-AR such as marker PCBs and PBDEs OECD TG458)

in a ISO 17025 laboratory QA/QC system

as sensitive and reliable as chemical analysis,

but as a safety umbrella covering more relevant chemicals/pharmaceutcials
Building a bridge between chemical and animal testing

Finding new toxic relevant chemicals

Covering effects of “142 Mio CAS chemicals” rather than a “few historical
selected chemicals” in the current EU framework
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Planned achievements: QENTAL
Confirmation of first results of CALUX®panel &
results and suggested action plan for operators of 7,
WWTPs from the Danube River Basin M

1 - Varazdin

2 - Amstetten

3 - Cluj

4 - Augsburg

5 - Vipap

6 - Budapest

7 - Ljubljana

8 - Bucurest

9 - Zilina

10 - Sabac

11 - Brno

12 - Zag_;reb

10



E@' Suggestions of Topics for Norman Joint Network

et

- Add bioassay testing in current EU guidelines (minimal the ISO and
OECD approved bioassays) for water and biota

- Improve and training of urgent need for such bioassay testing for at
minimal the endocrine disrupting chemicals

- Confirmation of the first results of Danube River bioassay activities
« Verification and recommendation of Safe EBTs here suggested
 Recommendation for panel of effect-based Mode of Action testing

- Evaluation ratio of known chemical vs. total toxicity bioassay (in
TEQS)

* Find most relevant drivers for found endocrine disrupting chemicals
activities ( ER, anti-AR and anti-PR CALUX® were above the chosen
safe EBTSs)

- Evaluate need of glucocorticoid testing in elderly homes/hospital
effluents (In 50% of the water samples significant GR CALUX® results
were measured but only one measurement excided the in the
Netherlands routinely used EBT of 100 ng Dex-eq/l)

« Further investigations and water monitoring campaigns are

recommended by using such a panel of CALUX® bioassays B



