v Didrio de

CIENCIA SP 3

AMER
T e

Brain enlargement is linked to
severe symptoms of autism
spectrum disorder, study shows
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The researchers based their findings, published in Molecular Autism,
on data for more than 900 children with ASD and experiments with
brain organoids derived from blood cells donated by some of the
children.

A member of the research group observes size variation in the “mini-brains”
(photo: Jodo Nani)

By Maria Fernanda Ziegler | Agéncia FAPESP — A study
conducted by researchers based in Brazil and the United
States has demonstrated that there is a link between brain overgrowth and the severity of social and communication symptoms
in children with autism spectrum disorder (ASD). An article describing the study is published in the journal Molecular Autism.

The findings are based on an analysis of magnetic resonance images of the brains of more than 900 children with ASD
(conducted in a 2017 study by the group) and on recent experiments with brain organoids - “mini-brains” that mimic structural
and functional features of full-size brains. The organoids were grown in the laboratory from induced plenipotentiary stem cells
(iPSCs) derived from blood donated by children who took part in the earlier study.

Brain enlargement correlated with symptom severity in both the MRI and organoid analyses. According to the article, the mini-
brains derived from cells donated by children with the most severe symptoms were up to 41% larger than the controls.

“Not all children with ASD and severe symptoms will have an enlarged brain, but the symptoms are more severe when the brain is
enlarged,” said Mirian Hayashi, penultimate author of the article and a professor in the Department of Pharmacology at the
Federal University of Sdo Paulo’s Medical School (EPM-UNIFESP) in Brazil.

This brain enlargement appears to be associated with alterations in the activity of Ndel1, an enzyme that plays an important role
in embryonic neuron differentiation and migration. An equivalent phenomenon was previously observed by the UNIFESP group in
children with microcephaly induced by zika virus. Ndel1 is associated with several neurological disorders, such as schizophrenia,

As the researchers point out, social and communication symptoms are common among individuals on the autistic spectrum, but
the severity differs from one person to another. Although the biological mechanism that determines the intensity of the
symptoms remains unknown, the findings of this research open up new avenues for understanding ASD.
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Methodology

The study was divided into two stages. The first involved an analysis of MRI brain images and diagnostic data for more than 900
children with ASD assessed in a cohort study by Eric Courchesne, one of the world’s leading experts on the neurobiology of
autism. Professor Courchesne is the overall director and principal investigator of the Autism Center of Excellence at the
University of California San Diego (UCSD) in the United States and heads the UCSD Autism Center’'s MRI Project on early brain
development in autism.

The second stage consisted of experiments with mini-brains developed at the laboratory led by Alysson R. Muotri, a professor in
UCSD’s Departments of Pediatrics and Cellular & Molecular Medicine. The experiments showed that issues relating to cell
rhigration and neuron formation are already present during brain formation, potentially affecting brain size.

In particular, Ndel1 plays a key role in brain enlargement in children with ASD. “Neuronal alterations had previously been detected
in people with autism. Analysis of the mini-brains confirmed that the number of neural progenitors [multipotent neural stem cells
that can differentiate into neurons, astrocytes and oligodendrocytes] increased when brain enlargement occurred. Our experiments
suggested that brain enlargement in these cases may have been due to a large number of neural progenitors that were unable to
differentiate during embryogenesis,” said Joao Nani, who conducted the analysis at Prof. Muotri’'s lab with FAPESP’s support.

Many neural cells were not behaving as they should or creating connections (synapses) as expected. “The number of
connections is more important than the number of neurons. That's why having more neurons [as in brain overgrowth] and having
fewer neurons [as in microcephaly] are both harmful,” Nani said.

The researchers also measured Ndel1 activity and expression in the mini-brains, detecting an imbalance in cases of brain
enlargement. “Ndel1 is associated with cell division and neuron differentiation. These processes involve other proteins, of course,
but the entire system is probably out of kilter in brain overgrowth, and Ndel1 can be a biomarker of an alteration. We found that
this imbalance can lead to both brain enlargement and brain reduction. However, in the cases we analyzed, there were more
mononuclear cells in the peripheral blood of children with autism and severity of communication and social symptoms,” Nani
said.

The researchers plan to conduct further studies with the aim of identifying biomarkers associated with ASD severity in blood
samples from patients.

The article “"Embryonic origin of two ASD subtypes of social symptom severity: the larger the brain cortical organoid size, the
more severe the social symptoms” is at: molecularautism.biomedcentral.com/articles/10.1186/s13229-024-00602-8.
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