
 

Altered cell cycle gene activity underlies
brain overgrowth in autistic toddlers
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Gene function in cell cycle networks regulating brain size is normal in typical
toddlers (green), while it is abnormal in ASD toddlers (blue, red) for both
smaller and bigger brains. Bigger ASD brains are more severely affected than
smaller brains. Credit: UC San Diego Health

Further underscoring the prenatal origins of Autism Spectrum Disorder
(ASD), researchers at University of California, San Diego School of
Medicine describe for the first time how abnormal gene activity in cell
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cycle networks that are known to control brain cell production may
underlie abnormal early brain growth in the disorder.

The findings are published online December 14 in Molecular Systems
Biology.

"These findings identify common genomic defects that help explain why
there are abnormal numbers of brain cells in autism, why the brain grows
abnormally too large or too small in some ASD toddlers and how
previously reported diverse gene mutations may, in fact, converge in
their effects via common genomic pathways," said senior study author
Eric Courchesne, PhD, professor of neurosciences and director of the
Autism Center of Excellence at UC San Diego.

"This study, along with the work of others and our past findings on
excess neurons and brain growth patterns, enable researchers to now
trace the origins of early abnormal brain overgrowth in ASD back to
prenatal disruption of networks governing brain cell numbers."

The proper regulation of brain cell numbers is one of earliest critical
steps in fetal brain development. Courchesne and colleagues first
discovered in 2001 that early brain overgrowth occurs in a substantial
subset of ASD toddlers. In 2011, they reported that the young ASD
prefrontal cortex, the region of the brain associated with social and
communications skills, exhibited a 67 percent excess in cortical cells. In
2014, they described patches of disrupted cortical development in the
brains of ASD children.

Rare gene mutations capable of increasing or decreasing cell number and
brain size have been reported for tiny percentages of all ASD
individuals, but for the vast majority of ASD children, the genomic
defects behind abnormal brain overgrowth or undergrowth have
remained unknown. The new study points to a common underlying
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defective functional genomic network - cell cycle - in living ASD
toddlers, which plays a central role in fetal brain development.

Courchesne noted that several hundred different genes coordinate the
cell cycle network in the fetal brain. "When they are active in the right
way at the right time, they generate the correct number and type of brain
cells that go to the cortex to create the normal brain cell layers and
connections," he said. "Both genetic mutations and non-genetic factors
can change how these genes work and cause abnormal cell numbers and
cell types."

Attempts to better understand the genetic mechanisms underlying ASD
are hindered by, among other things, the impossibility of direct brain
gene expression measurement during critical periods of early
development. However, first author Tiziano Pramparo, PhD, said blood
and brain tissues highly express many of the same gene networks,
particularly those related to cell cycle functions.

In the current study, researchers investigated the relationships between
blood gene expression and brain size in 142 male toddlers, ages 1 to 4
years, 87 with a diagnosis of ASD and 55 controls.

In the control toddlers, researchers found that variation in brain size
significantly correlated with cell cycle and protein folding gene
networks, potentially impacting neuron number and synapse
development. In ASD toddlers, correlations with brain size were
strikingly disrupted due to considerable changes in the organization of
cell cycle gene networks. Conversely, cell adhesion gene networks,
which regulate the ability of cells to stick together to form multicellular
tissues and communicate, showed an abnormal relationship with
variation in brain size in ASD toddlers.

They also identified 23 candidate genes for brain maldevelopment, of
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which 4 are directly linked to genes frequently mutated in ASD. "These
patterns of activity in these 23 genes relative to brain size in the ASD
toddlers was very different from that in typical toddlers," observed
Pramparo.

Pramparo said the new findings provide in vivo evidence for the
involvement of cell cycle processes in ASD brain maldevelopment and
significantly illuminate the complexities involved in early dysregulation
and disruption of the developing ASD brain. Specifically, he noted:

They point to a convergence of findings related to mutation, gene
expression and brain-related phenotypes in ASD, "which is key
since ASD is very heterogeneous, both at the genetic and clinical
level."
Many "high-confidence" ASD candidate genes are upstream and
may control expression of other genes and networks with primary
cell cycle functions.
Timing of the cell cycle appears to be critical. Shorter cell cycle
periods may result in bigger brains and greater dysregulation.
"The difference in smaller versus bigger may be due to genetic
backgrounds, but also to non-genetic triggering events, especially
when they occur during development."

Courchesne said the findings raise the possibility that future research
could test whether genomic biomarkers of cell cycle disruption could be
an early sign of ASD risk or might be indicators of clinical progression,
severity and outcome.

"Our next studies will examine whether infants at risk for ASD who
have the most deviant cell cycle expression patterns also have more
abnormal early development of brain structure, connections and
function," he said. "The findings do not directly suggest new therapies
for children with ASD, but they raise the important question of whether
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the degree of genomic disruption might be related to treatment
responsiveness."

Exploring this question, he said, along with how development of neural
connectivity and functional patterns is altered in ASD brains, will be
addressed in future research.

  More information: Molecular Systems Biology, 
dx.doi.org/10.15252/msb.20156108
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