A cerebral organoid model for Tuberous sclerosis
identifies human-specific aspects of brain
development
Oliver L Eichmüller 1 2, Nina S Corsini 1, Ábel Vértesy 1, Ilaria Morassut 1, Theresa
Scholl 3, Victoria-Elisabeth Gruber 3, Angela M Peer 1, Julia Chu 4, Maria
Novatchkova 1, Johannes A Hainfellner 5, Mercedes F Paredes 4, Martha Feucht 3,
Jürgen A Knoblich 1 5
1

Institute of Molecular Biotechnology (IMBA), Austrian Academy of Sciences, Vienna Biocenter (VBC),
Vienna, Austria.
2
University of Heidelberg, Heidelberg, Germany.
3
Department of Pediatric and Adolescent Medicine, Medical University of Vienna, Vienna, Austria.
4
Department of Neurology, University of California, San Francisco, San Francisco, CA, USA.
5
Department of Neurology, Medical University of Vienna, Vienna, Austria.

The human brain is unique in size and complexity, but also the source of some of the most
devastating human diseases. Cerebral organoids derived from patients suffering from neurodevelopmental disease can recapitulate the developmental defects leading to those diseases
and allow us to disentangle the mechanistic complexity of disorders like Epilepsy and Autism.
We were able to recapitulate the histological characteristics of Tuberous sclerosis, a severe
form of epilepsy caused by genetic upregulation of mTOR signaling. We show that different
culture conditions can be used to recapitulate either tumor formation or generation of giant
neurons, both features that are diagnostic of TSC patient brains. Unlike all mouse models,
organoid models display those features even in heterozygous patients without the need for loss
of heterozygosity. Using single cell transcriptomics, we identify the CLIP cells (caudal late
interneuron progenitors), a previously unknown human specific progenitor cell located in the
caudal ganglionic eminences. Our data suggest that CLIP cells are responsible for the massive
postnatal migration of interneurons into the prefrontal cortex that is seen in humans but not in
rodents, adding functional relevance to this recently discovered phenomenon. Our results
indicate that organoid models can fundamentally change widely accepted human disease
concepts and lead to fundamental insights into the human-specific aspects of brain
development.

