
 

Scientists pinpoint how a single genetic
mutation causes autism
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Quinn, an autistic boy, and the line of toys he made
before falling asleep. Repeatedly stacking or lining up
objects is a behavior commonly associated with autism.
Credit: Wikipedia.

Last December, researchers identified more than
1,000 gene mutations in individuals with autism,
but how these mutations increased risk for autism
was unclear. Now, UNC School of Medicine
researchers are the first to show how one of these
mutations disables a molecular switch in one of
these genes and causes autism. 

Published today in the journal Cell, the research
shows that an enzyme called UBE3A can be
switched off when a phosphate molecule is tacked
onto UBE3A. In neurons and during normal brain
development, this switch can be turned off and on,
leading to tight regulation of UBE3A. But a
research team led by Mark Zylka, PhD, associate
professor of cell biology and physiology, found that
an autism-linked mutation destroys this regulatory
switch. Destruction of the switch creates an
enzyme that cannot be turned off. As a result,
UBE3A becomes hyperactive and drives abnormal 

brain development and autism.

"Genetic studies are showing that there will be
about 1,000 genes linked to autism. This means
you could mutate any one of them and get the
disorder. We found how one of these mutations
works," said Zylka, senior author of the Cell paper
and member of the UNC Neuroscience Center.

The work was done in human cell lines, as well as
mouse models.

Because this one autism-linked UBE3A mutation
was part of the Simons Simplex Collection - and
Zylka previously had been funded through a
Simons Foundation grant - he had access to the
cells that were used to find this one mutation. When
Jason Yi, PhD, a postdoctoral fellow in Zylka's lab,
sequenced the genes from the cell samples -
including cells from the child's parents - he found
that the parents had no hyperactive UBE3A but the
child did.

The child's regulatory switch was broken, causing
UBE3A to be perpetually switched on.

"When this child's mutation was introduced into an
animal model, we saw all these dendritic spines
form on the neurons," said, Zylka, who is also a
member of the Carolina Institute for Developmental
Disabilities. "We thought this was a big deal
because too many dendritic spines have been
linked to autism."

Their findings thus pointed to hyperactivation of
UBE3A as the likely cause of this child's autism.

It was previously thought that too much UBE3A
might cause autism because duplication of the 15q 
chromosome region - which encompasses UBE3A
and several other genes - is one of the most
commonly seen genetic alterations in people with
autism. This is called Dup15q Syndrome.
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As part of their study, Zylka and Yi found that
protein kinase A (PKA) is the enzyme that tacks the
phosphate group onto UBE3A. This finding has
therapeutic implications, particularly since drugs
exist to control PKA.

"We think it may be possible to tamp down UBE3A
in Dup15q patients to restore normal levels of
enzyme activity in the brain," Zylka said. "In fact,
we tested known compounds and showed that two
of them substantially reduced UBE3A activity in
neurons."

One of the drugs, rolipram, previously had been
tested in clinical trials to treat depression but was
discontinued due to side effects. One of the
symptoms associated with Dup15q syndrome is
sudden unexpected death in epilepsy. In light of
these life-threatening seizures, Zylka pointed out
that it may be worth examining whether lower
doses of rolipram, or other drugs that increase PKA
activity, provide some symptom relief in Dup15q
individuals. "The benefits might outweigh the risks,"
he said.

Future work with an animal model of Dup15q could
be used to test this therapeutic approach.

While the bulk of this project was focused on 
autism, this project began when Zylka and Yi
noticed that a large number of Angelman syndrome-
linked mutations were clustered in the same
chromosome region where the phosphate group
was tacked onto UBE3A. Angelman syndrome is a
rare neurological disorder characterized by
developmental delay, seizures, balance problems,
and lack of speech.

Zylka's team found that a number of the Angelman
mutations disrupt the function or stability of UBE3A.
These mutations would essentially eliminate the
enzyme in people with Angelman syndrome. This
discovery could have implications for diagnosing
people with this rare and often misdiagnosed
disorder. 
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