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toxicogenomics and -proteomics platforms, biostatistical 
analysis, and in silico modelling. 

Nine European universities and companies from seven 
countries collaborate in an integrated, synergistic 
approach to deliver the promised results. 
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THE EXPECTED RESULTS

The 3D in vitro assays will be used to screen the e� ect of EDs on the thyroid function in a unique biological sex-
specifi c approach. Their performance will be assessed individually, in comparison with each other, and against in 
vivo studies. 

The 3D assays are expected to predict with more 
sensitivity and specifi city the thyroid response to 
di� erent classes of EDs at low doses, compared to 
classical 2D in vitro assays or in vivo models. 

SCREENED is expected to provide  Europe with  powerful 
screening assays,  able to reliably record toxic e� ects 
of known and new EDs in line with data from in vivo 
studies available through the consortium partners. As 
such, it would become an essential predictor of thyroid 
toxicity for  of a number of industrial sector products, 
spanning from consumer  (e.g. food, cosmetics) to 
agrochemical products.

Supporting the “Adverse Outcome Pathway” (AOPs) concept along OECD guidelines, proteogenomics analysis and 
biological modelling of the underlying MoA will be used to gain a mechanistic understanding of the chain of events 
from exposure to adverse e� ects on thyroid development and function.

Based on the OECD guidelines on in vitro and ex vivo assays for the identifi cation of modulators of thyroid hormone 
signaling, 8 blocks of assays have been identifi ed to study the MoA and the potential AOP of EDs on the thyroid. Of 
these blocks, SCREENED will contribute to: 

• Thyroid hormone synthesis, in particular in relation to tests for stem cell derived thyrocytes for which no assay 
is currently available 

• Relevant short-term assays integration as a replacement of the thyroid gland explants since these cultures lack 
reproducibility due to di� erent hormone levels in di� erent animals. 

For future uptake, SCREENED will engage in discussion with relevant stakeholder groups, including regulatory bodies 
and industry, to ensure that the assays are fi t for purpose for EDs safety assessment. 

THE PROJECT AND ITS CHALLENGES

The main challenge is to develop 3 di� erent three-dimensional (3D) 
in vitro assays based on rodent and human 3D thyroid cell constructs. 
At di� erent levels of anatomical complexity, these assays will 
increasingly mimic the structure and function of the native thyroid 
gland, ultimately achieving the replication of its vascular anatomy and 
morphogenetic characteristics: 

1) a 3D organoid based on stem-cell derived thyroid cells, 

2)  a decellularized sca� old able to reproduce the biological 
composition of a native thyroid, repopulated by the 3D organoids, 

3)  a bioprinted construct with the 3D organoids able to mimic the 
spatial and geometrical architecture of a native thyroid. 

These 3D assays will be hosted in a modular microbioreactor equipped 
with innovative sensing technology and enabling precise control of 
cell culture conditions. New superparamagnetic biocompatible 
and biomimetic particles will be used to produce “magnetic cells” 
to support precise spatiotemporal homing of the cells in the 3D 
decellularized and bioprinted constructs.

These 3D in vitro assays will be used to screen and comprehensively 
evaluate the e� ects of di� erent EDs, at an unprecedented level of 
molecular detail thanks to an integrated omics approach. The major 
innovation of SCREENED will lie in the combination of thyroid 3D in vitro 
biological constructs that replicate the native thyroid gland at di� erent 
levels of increasing complexity within a microbioreactor, coupled
with proteogenomics analysis and biological modelling of underlying 
MoA and AOPs.

PROJECT OVERVIEW

Endocrine disruptors (EDs) are a class of chemicals used to produce materials commonly found in everyday life, 
such as some plastics, tin cans, electrical and household appliances, cosmetics, and pesticides, among others. EDs 
are, however, not without danger: these molecules interfere with the endocrine system, disrupting the physiological 
production and the target e� ects of hormones. In particular, EDs have proven e� ects on the reproductive system and 
impact on the occurrence of obesity, type 2 diabetes and cardiovascular diseases during aging. 

There is also  growing evidence that EDs strongly interfere with thyroid function. EDs cause changes in thyroid hormone 
concentration, the peripheral metabolism of these hormones and the signalling of their receptors. The mechanism by 
which they act on the thyroid axis is, however, still far from being understood. Models and assays currently used for safety 
assessment are strongly limited by the availability of adequate quantities of human thyroid tissue, the inability to recreate 
the complexity of the native thyroid gland, and  the inability to predict the e� ects of EDs a�ter low-dose exposure. 

Information on thyroid hormone (TH) levels and the underlying mode of actions (MoA) leading to changes in TH
signalling is not available for the majority of EDs. To date, Adverse Outcome Pathways (AOPs)  focus on neurodevelop
mental e� ects of EDs. In addition, no current molecular or cellular assay can clearly distinguish between sex-specifi c 
responses of the thyroid gland to EDs. Finally, virtually nothing is known about the e� ects, MoA and related AOP, of EDs 
on thyroid stem/progenitor cells, which role is critical in thyroid development, growth in postnatal life, and adaptation 
to thyroid injury.

The EU project SCREENED aims to develop three-dimensional (3D) cell-based in vitro tests to better characterize the 
e� ects of EDs on the thyroid. The solutions SCREENED develops will overcome the limitations of existing tests by being 
more sensitive at low-dose exposure to potential EDs and supporting the prediction of their toxicity on human health 
in a sex-specifi c manner.
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