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The lessons learned in cancer research – where drug development has shown an extremely 
high failure rate (more than 90%)1,2 – and in human disease studies, have shown us that the 
current models used are not optimal to predict human toxicity.3-5 The cost per drug is estimated 
at $1.2–1.3 billion dollars,6 and it takes approximately eight years to complete the whole 
process.7 In addition, with the implementation of REACH and the need to test the large number 
of substances produced and used in the European Union, scientists and regulators agreed on 
the fact that the current test guidelines are too expensive and time consuming to allow the 
evaluation and classification of all compounds. Especially in the area of developmental 
neurotoxicity (DNT), where more and more evidence indicates that environmental chemicals 
contribute to subclinical neurodevelopmental toxicity,8 the current OECD DNT guidelines for 
testing are so expensive and time consuming that they are not being performed routinely.9,10 
This results in a lack of information on DNT for most of the chemicals present on the market,11,12 
including high volume production chemicals, and it is becoming a very important public health 
concern.  

 
A comprehensive in vitro DNT strategy has been suggested, consisting of a test battery that 
recapitulates key events taking place during brain development, such as migration, 
proliferation, differentiation, synaptogenesis, myelination, apoptosis, and neuronal network 
formation.11 The previously described 3D human iPSC-derived brain model (BrainSpheres) 
recapitulates some of the key events of neurodevelopment.13 BrainSpheres are very 
reproducible in terms of size and cellular composition, with no necrotic centers. They not only 
contain neurons and astrocytes but also functional oligodendrocytes with an axonal 
myelination between 40 and 50%, which is rarely observed in vitro.13 Thus, we believe that 
BrainSpheres is a very complete system that could help to develop new DNT testing strategies. 
In recent years, we have used the BrainSpheres model to study the effects of neurotoxicants 
on different brain development processes. We assessed the developmental toxicity of 
pesticides14 and the neurotoxicity of nanomaterials.15 We also further developed several 
assays for DNT evaluation16 and for the estimation of drug efficacy on glioblastoma tumors.17 
Here, we summarize the main advances of this model and its applications.  
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