
 

Trio of autism-linked molecules orchestrate
neuron connections
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Astrocyte cells of the brain and spinal cord, shown in blue, help build new
neuronal connections (yellow) by bridging three key proteins. Credit: Jeff
Stogsdill, Duke University

New research from Duke University reveals how three proteins work in
concert to wire up a specific area of the developing brain that is
responsible for processing sensory information.

The findings, published in the Jan. 14 issue of the journal Cell, may also
lend insight into brain disorders including autism, depression and
addiction, because previous research has linked these proteins
individually to those diseases.

"We may have pinpointed a developmental process that may be critically
impaired in diseases such as autism, and that's really exciting," said
Cagla Eroglu, an assistant professor of cell biology and neurobiology at
the Duke University School of Medicine, who led the research.

The new work focused on the neurons that pass information from the
brain's thalamus—which processes sensory information—to the cortex,
which is important for memory, attention and consciousness, among
other roles. In late 2014, Eroglu's group found that a protein called
'hevin', produced by crucial non-neuronal brain cells called astrocytes,
helps new neuronal connections form from the thalamus to the cortex in
mice, but exactly how was unclear.

The group thought that two other types of proteins, neurexins and
neuroligins, might be involved. Neurexins are present on the message-
sending sides of neurons, whereas neuroligins are on the receiving ends.
These proteins are thought to align new neuronal contacts so that they
can pass signals within the small gaps between them, called synapses.
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"There is an interesting code between neurexins and neuroligins that
determines whether they form contacts between each other," said
Eroglu, who is also a member of the Duke Institute for Brain Sciences.
"Some forms of these molecules seem to prefer each other and make
contacts, while some don't interact with each other at all. What we found
here, which was surprising, is that astrocytes secrete hevin to alter this
code."

In particular, Eroglu and her team found that hevin causes two specific
members of these protein families which would not normally
interact—neurexin-1 alpha from thalamus neurons and neuroligin-1B
from the cortex—to wire neurons of the thalamus to those of the cortex.

A battery of biochemical experiments by postdoctoral researcher
Sandeep Singh in Eroglu's lab showed specific places on the hevin
protein that latched onto both neurexin-1 alpha and neuroligin-1B,
forming a molecular bridge across the synapses. Singh then created
different versions of hevin in which various regions were missing,
finding the necessary place on the hevin molecule that made the link
between neurexin 1 alpha and neuroligin 1B.

Mice lacking either neurexin-1 alpha or neuroligin-1 have problems
forming thalamus-cortex connections, according to experiments by
graduate student Jeff Stogsdill in Eroglu's lab. In these mice, synapses by
neighboring neurons in the cortex take over. Mice lacking hevin have
similar issues, he said.

"Perhaps one reason our brains have so many different forms of
neurexins and neuroligins is that they encourage specific neurons to find
one another during development and make certain kinds of connections,"
Stogsdill said.

Before this study, neither neurexin 1 alpha nor neuroligin 1 were
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recognized as important in thalamus-cortex wiring. Astrocytes were not
known to help guide these kinds of synapses to form.

The new findings also illustrate the importance of hevin in developing
neuronal connections shapeed by the sensory information an animal
takes in.

By collaborating with Alexandre Medina's lab at the University of
Maryland, the team found that mice missing hevin were unable to
strengthen thalamus-cortex connections in response to changes in visual
experience in young mice. Supplying hevin to the astrocytes of these 
mice fixed this problem.

"This result nicely illustrated that hevin secreted by astrocytes is
particularly necessary for ushering the formation of synapses that can be
altered by experience," Singh said.

The group plans to study how specific genetic mutations linked to autism
may affect hevin's ability to bridge neurexin and neuroligin. They will
also investigate how hevin regulates the development of other brain
circuits.

  More information: "Astrocytes Assemble Thalamocortical Synapses
by Bridging Nrx1-alpha and NL1 via Hevin," Sandeep K. Singh, Jeff A.
Stogsdill, Nisha S. Pulimood, Hayley Dingsdale,Yong Ho Kim, Louis-
Jan Pilaz, Il Hwan Kim, Alex C. Manhaes, Wandilson S. Rodrigues-
Junior, Arin Pamukcu, Eray Enustun, Zeynep Ertuz, Peter Scheiffele,
Scott Soderling, Debra L. Silver, Ru-Rong Ji, Alexandre E. Medina and
Cagla Eroglu. Cell, Jan. 14, 2016. DOI: 10.1016/j.cell.2015.11.034
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