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Outline 

1. Principles of in vitro assays and TEFs 

 

2. Sources of variation between assays (cell contexts, cross-

species…) 

 

3. Analysis of complex mixtures : how to accurately quantify TEQs ? 
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Bioassay : reporter cell line 

ER 

ERE Glob luciferase 

lux 

D-luciferine 

Stably transfected cell line 
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Calculated effect

Average effect

Replicates

Mesure de la luminescence 

16 h 
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Seeding of cell on 96 well plates in LDF
medium

Cultured in LDF medium :
L15/ DMEM-high glucose/ Ham’s F12

supplemented with 5% of dextran coated charcoal

treated and EGF, Insulin

Selective antibiotics : 3mg/ml of G418

0.5mg/ml of hygromycin

Exposure time 72h

Replacement of medium by
50µL of D-Luciferin (0.3mM)
Counting of luminescence

Exposure to range of toxicants in LDF
medium in triplicates (0.1% of DMSO)

EC50

Modelisation

and calcul of 

EC50
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Seeding of cell on 96 well plates in LDF
medium

Cultured in LDF medium :
L15/ DMEM-high glucose/ Ham’s F12

supplemented with 5% of dextran coated charcoal

treated and EGF, Insulin

Selective antibiotics : 3mg/ml of G418

0.5mg/ml of hygromycin

Exposure time 72h

Replacement of medium by
50µL of D-Luciferin (0.3mM)
Counting of luminescence

Exposure to range of toxicants in LDF
medium in triplicates (0.1% of DMSO)

EC50

Modelisation

and calcul of 

EC50

Mise en présence de différentes 
concentrations de toxiques 
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Bioassay : reporter cell line 

ER 

ERE Glob luciferase 

lux 

D-luciferine 

Stably transfected cell line 

 

0%

20%

40%

60%

80%

100%

120%

1E-13 1E-12 1E-11 1E-10 1E-09 1E-08 1E-07

E2 [M]

L
u

c
if

e
ra

s
e
 i

n
d

u
c
ti

o
n

(%
 o

f 
m

a
x

. 
e

ff
e
c
t)

Calculated effect

Average effect

Replicates

EC50 = concentration induisant 50 

% de l’effet maximum 

EC50 : 2.10-11 M ~ 5 ng/L 
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Bioassay : reporter cell line 

ER 

ERE Glob luciferase 

lux 

D-luciferine 

Stably transfected cell line 

 
Relative potency 

EEF = EC50 E2 / EC50test chemical 

(EEF = Estradiol Equivalent factor) 
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Examples of existing in vitro reporter gene assays for 

estrogenicity 

Assays Species Cell line Tissue Endpoint 

ER-CALUX Human T47D Mammary Luc 

T47D-kbLuc Human T47D Mammary Luc 

MELN Human MCF-7 Mammary Luc 

HeLa9903 Human HeLa Cervix Luc 

BG1Luc Human BG1 Ovary Luc 

HELN-hER Human HeLa Cervix Luc 

HELN-rtER, -zfER Human/Fish HeLa Cervix Luc 

RTG-2 Rainbow trout RTG-2 Gonad Luc 

PELN-rtER Topminnow PLHC-1 Liver Luc 

ZELH-zfERs Zebrafish ZFL Liver Luc 

U251-MG-zfER Human/ZF U251-MG Radial Glial cells Luc 

YES (hER, rtER) Yeast B-gal 

BLYES Yeast Luc 
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Factors that can modulate ER-mediated signal 

- Cellular context : different co-transcriptional factors 

- Cellular context : metabolic capacities 

- Cellular context : cross-talk between ER and other NR-

mediated signaling pathways (e.g. AhR) 

- Cross-species  differences : different receptor structures 

(sequence) or isoforms that can explain different affinities for 

chemical ligands, or even specificity for some NRs 

 

 

- 3 examples: fish vs human cell models 
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Cross-species differences : fish- vs. human-based assays 
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Human ERα (MELN) 

Rainbow trout ERα (HELN-rtER) 

Rainbow trout vs human ER

 

Different dose-reponse behavior : 

partial/full agonists 

 

 Different sensitivities :  

 E2 : hER > rtER 

 BP2, THB : hER ≤ rtER 

 

 Different relative potency (TEF) 
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Comparison of human (MELN) and fish (PELN et Vtg-PRTH) assays 

for estrogenicity 

Relative Estrogenic 

potency (REP) 

REP = EC50 E2 / EC50 substance 

 Higher REPs in fish 

 Fish-based assays more relevant to assess estrogenic hazard in this 

organism 

Cosnefroy et al, Toxicol in vitro, 2009 
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Zebrafish ER 

3 estrogen receptors in ZF: zfERα, zfERβ1 and zfERβ2 

2 in humans : hERα and hERβ  

 

Differential expression of zfERs depending of the tissue, gender, 

developmental stage  different function/role 

 

Difference in structures (LBD)  affinity of chemical ligands 

 

Need to assess zfER selectivity when evaluating estrogenic action of 

chemicals in zebrafish 
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Sequence homology between zfERs and hERs 

NH2 A/B C D E    F COOH

zfERα

zfERα 100 zfERβ1

zfERβ1 40.5 100 zfERβ2

zfERβ2 39.4 51.5 100 hERα

hERα 47.1 39 37.8 100

hERβ 40.9 44.4 46.8 37.6

zfERα

zfERα 100 zfERβ1

zfERβ1 10.8 100 zfERβ2

zfERβ2 12.5 26.6 100 hERα

hERα 8.4 9.6 8.4 100

hERβ 13.2 8.9 13.2 8.4

zfERα

zfERα 100 zfERβ1

zfERβ1 82.1 100 zfERβ2

zfERβ2 83.3 90.5 100 hERα

hERα 91.7 82.1 84.5 100

hERβ 83.3 91.7 90.5 82.1

zfERα

zfERα 100 zfERβ1

zfERβ1 11.1 100 zfERβ2

zfERβ2 15.7 7.4 100 hERα

hERα 19.6 11.1 12.2 100

hERβ 19.6 5.6 6.7 20.4

zfERα

zfERα 100 zfERβ1

zfERβ1 50.3 100 zfERβ2

zfERβ2 48.3 61.8 100 hERα

hERα 55.2 49.3 48.9 100

hERβ 49.7 56.8 61.4

A

B
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In vitro activation of zfERs by (xeno)estrogens 

Alpha / beta selectivity, e.g.: 

steroids have higher affinity for zfER beta isoforms 

BPs, BPA more affine for alpha isoform 

Cosnefroy et al, Toxicol Sci, 2012 
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DRE 

TCDD, 

3-MC 

AhR ARNt 

CYP1A1 

Co-activators 

ERE 

ER  

Transcription 

Estrogenic effect 

Wormke et al, Mol. Cell Biol. 2003; Ohtake et al, Nature, 2003, 2007 

Ub 
Ub 

Ub  ER 

degradation by 

proteasome 

Human cell context 

Effect in fish ? 

E2 

Anti-estrogenic effect 

ER-AhR cross-talk 
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Reporter cell lines 

+ ER 

ERE luciferase 

Oestrogens 

(E2) 

AhR 

Dioxin (TCDD) 

XRE Cyp1A1 

EROD (fluorescence) 

+ /- ? 
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Fish vs human ER : different sensitivity to reference ER 

and AhR ligands 
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Different effects of dioxin (TCDD) on ER activation in fish 

and human assays 
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(Anti)estrogenic and dioxin-like activity of PAHs 

PAHs 

CHR 

DBA 

BkF 
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BaP 

BaA 

PYR 

FLU 

BAP-3OH 
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FLU-9OH 

PYR-OH 
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Between-bioassay differences : implication for complex 

mixture assessment 

Differences in model sensitivity : relative potencies of chemical will vary 

between assays  

 

Developing and validating fish-based assays for environmental monitoring 

is a major task 

 

Different TEF from different bioassays : recommendation : well 

characterize your assay with individual chemicals before use for complex 

mixture assessment 
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ER 

ERE Glob luciferase 

lux 

D-luciferine 

Biodetection of EDCs in complex mixtures 

Sediment Effluent 

Organic extraction (SPE, 

ASE…) 

Organic extract 

=> Detection of all ligands present in the 

complex mixture 
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Determination of biological Toxic-Equivalents (TEQ) 
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Mass balance analysis: biological- vs chemical-TEQs 

Estradiol-equivalents 

(EEQ) in whole mixture 

Biol-TEQ = ECxE2 / ECx sample 

Sample 

Bioassays Target chemical 

analyses 

Sum of Estradiol-

equivalent (EEQ) for 

measured compounds 

with 

Chem-TEQ = Ʃ TEFi .Ci 

TEFi = EC50 E2 / EC50i 
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Typical and non-typical dose-response curves 
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Assessment of complex mixtures using in vitro assays 

Application to complex mixtures : theoretical approach 

Mass balance has proven useful in many situations (e.g. Hormone-

contaminated effluents) ...  

 

BUT: 

Variation between models :  

TEFs will vary across bioassays : check the sensitivity/specificity of 

your model ! 

Practically, ideal cases are not so frequent. Bioanalysis of complex 

mixtures often lead to non typical curves : mixtures of full and partial 

agonists, ago/antago, cross-talk with other NR pathways,... 

How to deal with ? Cleo ? 

 


