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INTRODUCTION



ENDOCRINE SYSTEM
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HPT axis

TRH

TSH

T3 / T4

Target cell / organ

- Metabolic processes

- Neurological development

- Cell differentiation

- Etc.

Thyroid Hormones

Negative 

feedback



WHO/IPCS definition:

• “An endocrine disruptor is an exogenous substance or mixture that alters 
function(s) of the endocrine system and consequently causes adverse health 
effects in an intact organism, or its progeny, or (sub)populations.”

DEFINITION OF ENDOCRINE DISRUPTOR
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• Adverse Effect

Three aspects:

• Endocrine mode of action

• Biological plausible link
MoA

Adverse 
effects



ENDOCRINE DISRUPTOR 
TESTING IN THE US AND EU



US EPA - ENDOCRINE DISRUPTOR SCREENING PROGRAM
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1996
• US Congress required EPA to 

implement EDSP

2009
• EPA list 1 test orders for 67 

chemicals – Tier 1 battery

2011
• EPA vision: EDSP21

Replacing Tier 1 screening 
battery with in silico and HTS 
assays

2013
• Second list of 109 chemicals

In vitro assays In vivo assays

MoA covered
by assay
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OECD CONCEPTUAL FRAMEWORK
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Mammalian and non-mammalian Toxicology

Level 1 Existing data and non-test information

Level 2 In vitro assays providing data about selected endocrine 
mechanism(s) / pathway(s)

Level 3 In vivo assays providing data about selected endocrine mechanism(s) 
/ pathway(s)

Level 4 In vivo assays providing data on adverse effects on endocrine 
relevant endpoints

Level 5 In vivo assays providing more comprehensive data on adverse effects 
on endocrine relevant endpoints over more extensive parts of the life 
cycle of the organism

OECD Series on Testing and Assessment – Revised Guidance Document 150 on Standardised Test Guidelines for Evaluating Chemicals for Endocrine Disruption, March 2018



OECD CONCEPTUAL FRAMEWORK
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OECD Series on Testing and Assessment – Revised Guidance Document 150 on Standardised Test Guidelines for Evaluating Chemicals for Endocrine Disruption, March 2018

Level 2 Mammalian and non-mammalian Toxicology

In vitro assays providing 
data about selected 
endocrine 
mechanism(s) / 
pathways(s) 

- Estrogen (OECD TG 493) or androgen receptor binding affinity (US EPA TG OPPTS 890.1150)

- Estrogen receptor transactivation (OECD TG 455), yeast estrogen screen (ISO 19040-1&2)

- Androgen receptor transactivation (OECD TG 458)

- Steroidogenesis in vitro (OECD TG 456)

- Aromatase assay (US EPA TG OPPTS 890.1200)

- Thyroid disruption assays (e.g. thyroperoxidase inhibition, thransthyrethin binding)

- Retinoid receptor transactivation assays

- Other hormone receptor assays as appropriate 

- High-throughput screens



REACH AND ENDOCRINE DISRUPTION
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• Endocrine disrupting chemicals are considered of similar regulatory concern as Substances of Very 
High Concern (Article 57 of EC 1907/2006).

• For registration under REACH there are no specific data requirements and thus no specific ED 
assessment is required.

• However, since OECD test guidelines have recently been updated with ED parameters, these data 
need to be included in the registration dossier.

• Measurement of thyroid hormone(s) is mandatory in OECD TG 408, 414, 421, 422 and 443

• Optional for OECD TG 407

OECD TG

407 Repeated dose 28-day study

408 Repeated dose 90 day study

414 Pubertal development and thyroid function assay

421/422 Combined 28-day reproductive screening test 

443 Extended one-generation reproductive toxicity study



EFSA / ECHA GUIDANCE FOR ED
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• On 20th of April 2018 the EU published Commission regulation 2018/605 setting out scientific 
criteria for the determination of endocrine disrupting properties. 

• Apply from 10 November 2018 for all new and ongoing applications for Plant Protection 
Products (PPPs) 

• ED criteria for biocidal products are published by Commission Delegated Regulation (EU) 
2017/2100 and entered into force on 7 December 2017.

• Apply from 7 June 2018 for all new and ongoing applications for biocides.

• Under the PPP regulation and Biocidal Products regulation, substances considered to have 
“endocrine disrupting properties” will not be authorized or will even be banned.



EFSA / ECHA GUIDANCE FOR ED
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In June 2018

• ECHA and EFSA developed scientific guidance to 
enable the identification of endocrine disruptors.

• Guidance applicable to Plant Protection Products 
(PPPs) and biocides.

Three aspects

• Endocrine Mode of Action

• Adverse Effect

• Biological plausible link



WORK FLOW
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Gathering relevant 

information and 

evaluation of data 

quality

Compilation of new 

data 

(e.g. QSARs)

Assembling and 

assessing the lines of 

evidence

Analysis of the 

sufficiency of the 

data set

- Support conclusion of EATS-mediated adversity

- Support conclusion of EATS-related endocrine activity

- Generation of further data



EFSA / ECHA GUIDANCE FOR ED
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Further data needed to enable a conclusion on the ED 
criteria

Considerations on the generation of further data.

• Unnecessary animal testing should be avoided. 

• Includes level 2 in vitro testing

• No in vitro thyroid assays are available.



EFSA / ECHA GUIDANCE FOR ED
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In case any thyroid (adverse) effect is observed, the following is proposed to be applied when interpreting 
data:

1) Histopathological changes in the thyroid with or without changes of TH levels would pose a hazard for 
human thyroid hormone insufficiency in adults as well as neurological development of offspring.

2) Alteration of T3 and/or T4 levels without histopathological changes still present a potential concern for 
neurodevelopment.

3) In the absence of substance specific data which provide proof of the contrary, humans and rodents are 
considered to be equally sensitive to TH disruption.



EFSA / ECHA GUIDANCE FOR ED
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In an applicant considers generating additional data in order to investigate human relevance of the effect 
observed in rat:

1) Histopathological changes in the thyroid with or without changes of TH levels 
 Increased clearance  human relevant?

• To investigate liver enzyme induction:
• Analysis of TSH, T3 and T4 in serum plasma samples in existing repeated dose toxicity studies. Or a 

specifically designed in vivo study providing this data + UDPGT measurement.

• Comparative studies of enzyme activity induced by the test substance (e.g. rat vs human)

• The presence of other possible thyroid-disrupting modes of action as interference with TH synthesis 
should be excluded e.g. by evaluating interference with TH synthesis in vitro (NIS and TPO inhibition).



EFSA / ECHA GUIDANCE FOR ED
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2) Alteration of T3 and/or T4 levels without histopathological changes in adults

• Drop in T4 results in impaired pre- and postnatal neurological development.

• Trigger for further studies of F1 generation.

• OPPTS Thyroid comparative assay is proposed (1560 additional animals).

M. Beekhuijzen et al. Submitted to Reproductive Toxicology

CRL data base of 124 repro screening studies (OECD TG 421 and 422) which included thyroid hormone data: 
conclusions on T4 data.

• In 25% of the 124 studies a statistical significant finding for T4.

• A-specific findings: intrinsic to a study where a high dose should cause a toxic effect.

• Conclusion: include thyroid measurements (on one occasion) in regulatory toxicology studies is not 
providing specific information on endocrine disruption. Urgent need for major modifications!



IN VITRO METHODS FOR 
IDENTIFICATION OF TH MODULATORS   



OECD DOCUMENT ON IN VITRO AND EX VIVO ASSAYS

19 EVERY STEP OF THE WAY

• Scoping document on in vitro and ex vivo assays for the 
identification of modulators of thyroid hormone signaling

• Evaluation of the level of readiness for further development, 
validation and inclusion in OECD test guidelines work plan.

OECD (2014). New Scoping Document on In Vitro and Ex Vivo Assays for the Identification of Modulators of Thyroid Hormone Signaling. Series on Testing and Assessment No. 207, ENV/JM/MONO(2014) 23.



EU-NETVAL
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• European Union Network of Laboratories for the 
Validation of Alternative methods 

• Set up by EURL ECVAM in response to provision of 
Directive 2010/63/EU on the protection of animals 
used for scientific purposes.

• Prioritizing the development and validation of in vitro 
assays for assessing thyroid hormone disruption.

• Focus on human based in vitro assays

https://ec.europa.eu/jrc/en/eurl/ecvam/alternative-methods-toxicity-testing/eu-netval



IN VITRO METHODS FOR THYROID DISRUPTORS
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• Central regulation of TH synthesis

• TH synthesis

• Secretion and transport

• Metabolism and excretion

• Local cellular concentrations 

• Cellular responses

• Short term assays that integrate 
multiple modes of action

• Integrative cellular assays

Figure taken from Gilbert et al. Neurotoxicology. 2012;33(4):842-852



(1) CENTRAL REGULATION OF TH SYNTHESIS
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Regulation of TH

• TRH receptor activation
• Stimulates release of TSH and prolactin from anterior 

pituitary 

• Stimulation of TSH receptor
• Upregulation of sodium-iodide symporter (NIS)

• Stimulating iodination of thyroglobuline

• Stimulating conjugation of iodinated tyrosine

• Increased endocytosis

• Stimulation of proteolysis

• Secretion of T4 and T3 across the basolateral 
membrane

• In vitro TRH and TSH receptor activation assays

(Neumann et al., 2010)



(2) TH SYNTHESIS – INHIBITION OF IODINE UPTAKE
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Sodium-iodine symporter (NIS) 

• Inhibition of iodine uptake

• Competing with iodine for binding to the NIS 
transport protein

• Down regulate expression of NIS

• Classical in vitro assays to evaluate chemicals are 
based on 125I  uptake in NIS expressing thyroid cells.

• Non-radioactive uptake assays are described 
(Waltz et al., 2010; Hallinger et al., 2017)



(2) TH SYNTHESIS – TPO INHIBITION
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Thyroperoxidase facilitates:

• Oxidation of iodide

• Iodination of tyrosyl residues of thyroglobulin

• Coupling of MIT and DIT resulting in 
thyroglobulin bound T3 and T4



(2) TH SYNTHESIS – TPO INHIBITION
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TPO oxidation assay

• Cell fractions prepared from human Nthy-Ori 1-3 cell line

• Luminol based TPO inhibition assay

• Optimization + validation ongoing at CRL

• Specificity?

IC50 = 4 µM

TPO



(2) TH SYNTHESIS – TPO INHIBITION
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TPO iodination assay 

• Optimization within EU-NETVAL

• TPO source

• LC-MS method for L-tyrosine / MIT /DIT

• Optimization of incubation procedures

• Protein / Time

• Michaelis Menten enzyme kinetics

• Testing limited set op model compounds

• Validation within EU-NETVAL

MIT
DIT



(3) SECRETION AND TRANSPORT
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Thyroid binding proteins 

• Play an important role in regulating circulating levels of TH and represent a large extrathyroidal pool 
of T3 and T4.

• In the blood the free T3 and T4 fractions are relatively small

• In humans: 75% of serum T4 is bound to Thyroid binding globulin (TBG), 15% to transthyrethin (TTR) 
and <5% to albumin.

• TBG is lacking in adult rats.

• In vitro assays based on:

• Radiolabelled T4-TTR

• FITC-T4

• ANSA-TTR

• Surface Plasmon Resonance (SPR) bioassay sensors



(4) METABOLISM AND EXCRETION
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Deiodinase enzymes

• Regulate TH levels via removal of iodine from the TH 
molecule 

• Effects on deiodination activity can be asses using tissue 
(ex vivo), cells or cell homogenates  

• 125I-labelled T4 -> formation of radioactive iodine

• LC-MS measurements (Butt et al., 2010)

• Colorimetric methods (Renko et al., 2015)



(4) METABOLISM AND EXCRETION
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Glucuronidation and sulfation of TH by hepatic phase II 
enzymes

• Detailed review paper on the use of metabolizing 
systems for in vitro testing on endocrine disruptors 
(OECD, 2008)

• Evaluation of UGT and SULT activity in tissue ex vivo

• In vitro models primary hepatocytes, microsomal 
fractions and recombinant enzymes

• Relevant with regard to demonstrate / exclude species 
specific TH metabolism in liver (EFSA / ECHA guidance)



(5) LOCAL CELLULAR CONCENTRATIONS
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TH cellular concentrations are regulated by:

• Deiodonases

• TH membrane transporters

• Many TH transporters have been 
identified

• Specific: MCT8, MCT10, OATP1C1, 
OATP3A1 and LAT1/2

• Cell based in vitro assays

• 125I-labelled T3 or T4

• Non-radioactive 



(6) CELLULAR RESPONSES
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Cellular responses

• Transcriptional responses are mediated via 
TH receptors α and β

• In vitro assays

• TR ligand binding assays

• TR specific reporter gene assays

• Very few xenobiotics have been shown to interfere 
with the TR because of the very specific T3 binding 
pocket.



(7-8) ASSAYS INTREGRATING MULTIPLE MOA AND 
INTEGRATIVE CELLULAR ASSAYS
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Short-term assays integrating multiple Modes of action

• Zebrafish Eleutheroembryo thyroid assay

Integrative cellular assays

• T-Screen – TR induced proliferation assay

• Human Neural Progenitor Cell proliferation / 
differentiation / migration assay.

• Assays not really in vitro / non-specific



TAKE HOME MESSAGES
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• In vitro thyroid hormone assays are highly suitable for investigating single MIEs and KEs in 
thyroid hormone AOPs.

• There is an urgent need for standardized / validated in vitro assays for assessing chemicals on 
thyroid disrupting properties.

• The relation between interference observed for a single MIE, circulating TH levels and 
adverse effects observed in vivo is not always very clear and interpretation is / will continue 
to be a challenge. (e.g. effects of chemicals on multiple MIEs)

• Since differences in TH physiology are observed between rodents and humans, the use of 
human based in vitro assays seems to be most relevant. However, evaluating an MIE in both 
rat and human based in vitro assays can be also very relevant to elucidate species specific 
effects. 
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