MCGOVERN INSTITUTE
FOR BRAIN RESEARCH AT MIT



FROM THE
DIRECTOR

| have often mentioned autism in this
column, since so much of our work touches
directly or indirectly on the neural roots

of this mysterious disorder. In this issue,
we feature two recent studies that explicitly
target autism using contrasting approaches.
The first, from Caroline Robertson and
Nancy Kanwisher, began with a behavioral
observation in human patients, which
provided a clue to an underlying brain
alteration that they are able to detect using
noninvasive imaging. The second, from
Guoping Feng and colleagues, builds on
advances in human autism genetics to
develop animal models that allow detailed
exploration of the brain circuits involved.
Encouragingly, one of Guoping’s key findings
is that many of autism’s effects may be
reversible, even in adulthood.

These studies are among many underway
at the McGovern Institute that focus on
understanding autism, at scales ranging
from the molecular and microscopic to the
human brain as a whole. One group, for
example, is investigating how autism affects
the brain’s dendrites—the tiny tree-like
structures through which nerve cells receive
information—and how these changes may
affect information processing in the brain.
Others are studying how inflammation
during pregnancy can affect brain
development, developing new techniques
for imaging the circuits that are disrupted
in animal models of autism, and scanning
children and adults with autism to understand
the neural basis of their social difficulties.
By advancing our knowledge, this work is
leading us ever closer to understanding how
the brain is affected by autism and how it
might eventually be treated.

Bob Desimone, Director
Doris and Don Berkey Professor
of Neuroscience
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Researchers at the McGovern

Institute are approaching autism

from multiple angles to find new

treatment leads.

Our perception of the world arises
within the brain, based on sensory
information that is sometimes
ambiguous, allowing more than
one interpretation. Familiar
demonstrations of this point include
the famous Necker cube and the
“duck-rabbit” drawing (right) in
which two different interpretations
flip back and forth over time.

Another example is binocular
rivalry, in which the two eyes are
presented with different images

that are perceived in alternation. Several
years ago, this phenomenon caught the
eye of Caroline Robertson, who is now

a Harvard Fellow working in the lab of
McGovern Investigator Nancy Kanwisher.
Back when she was a graduate student at
Cambridge University, Robertson realized
that binocular rivalry might be used to
probe the basis of autism, among the
most mysterious of all brain disorders.

Robertson’s idea was based on the
hypothesis that autism involves an
imbalance between excitation and
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Finding a Way In
McGovern researchers are developing
new ways to understand autism

inhibition within the brain. Although
widely supported by indirect evidence,
this has been very difficult to test directly
in human patients. Robertson realized
that binocular rivalry might provide a way
to perform such a test. The perceptual
switches that occur during rivalry are
thought to involve competition between
different groups of neurons in the visual
cortex, each group reinforcing its own
interpretation via excitatory connections
while suppressing the alternative inter-
pretation through inhibitory connections.
Thus, if the balance is altered in the
brains of people with autism, the
frequency of switching might also be
different, providing a simple and easily
measurable marker of the disease state.

To test this idea, Robertson recruited
adults with and without autism, and
presented them with two distinct and
differently colored images in each eye.

As expected, their perceptions switched
back and forth between the two images,
with short periods of mixed perception

in between. This was true for both groups,
but when she measured the timing of these
switches, Robertson found that individuals

with autism do indeed see the world in

a measurably different way than people
without the disorder. Individuals with
autism cycle between the left and right
images more slowly, with the intervening
periods of mixed perception lasting
longer than in people without autism.
The more severe their autistic symptoms,
as determined by a standard clinical
behavioral evaluation, the greater

the difference.

Robertson had found a marker for autism
that is more objective than current
methods that involve one person assessing
the behavior of another. The measure is
immediate and relies on brain activity that
happens automatically, without people
thinking about it. “Sensation is a very
simple place to probe,” she says.

A Top-Down Approach

When she arrived in Kanwisher’s lab,
Robertson wanted to use brain imaging
to probe the basis for the perceptual
phenomenon that she had discovered.
With Kanwisher’s encouragement,

she began by repeating the behavioral
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The duck-rabbit image is a famous example of
bistable perception, created by psychologist Joseph
Jastrow in 1899 to demonstrate how the brain can
switch between different interpretations of the same
sensory information. Caroline Robertson and Nancy
Kanwisher (above) have used analogous stimuli

to probe the neural basis of autism.




experiment with a new group of subjects,
to check that her previous results were not
a fluke. Having confirmed that the finding
was real, she then scanned the subjects
using an imaging method called Magnetic
Resonance Spectroscopy (MRS), in which
a MRI scanner is reprogrammed to measure
concentrations of neurotransmitters and
other chemicals in the brain. Kanwisher
had never used MRS before, but when
Robertson proposed the experiment, she
was happy to try it. “Nancy’s the kind of
mentor who could support the idea of
using a new technique and guide me to
approach it rigorously,” says Robertson.

For each of her subjects, Robertson
scanned their brains to measure the
amounts of two key neurotransmitters,
glutamate, which is the main excitatory
transmitter in the brain, and GABA, which
is the main source of inhibition. When
she compared the brain chemistry to the
behavioral results in the binocular rivalry
task, she saw something intriguing and
unexpected. In people without autism,
the amount of GABA in the visual cortex
was correlated with the strength of the
suppression, consistent with the idea

that GABA enables signals from one eye
to inhibit those from the other eye. But
surprisingly, there was no such correlation
in the autistic individuals—suggesting that
GABA was somehow unable to exert its
normal suppressive effect. It isn’t yet clear
exactly what is going wrong in the brains
of these subjects, but it’s an early flag, says
Robertson. “The next step is figuring out
which part of the pathway is disrupted.”

mcgovern.mit.edu

A Bottom-Up Approach

Robertson’s approach starts from

the top-down, working backward from

a measurable behavior to look for brain
differences, but it isn’t the only way in.
Another approach is to start with genes
that are linked to autism in humans,

and to understand how they affect neurons
and brain circuits. This is the bottom-up
approach of McGovern Investigator
Guoping Feng, who studies a gene called
Shanks that codes for a protein that helps
build synapses, the connections through
which neurons send signals to each other.
Several years ago Feng knocked out Shank3
in mice, and found that the mice exhibited
behaviors reminiscent of human autism,
including repetitive grooming, anxiety, and
impaired social interaction and motor control.

These earlier studies involved a variety
of different mutations that disabled the
Shanks gene. But when postdoc Yang
Zhou joined Feng’s lab, he brought a
new perspective. Zhou had come from

a medical background and wanted to do

an experiment more directly connected
to human disease. So he suggested making
a mouse version of a Shank3 mutation seen
in human patients, and testing its effects.

Zhou’s experiment would require precise
editing of the mouse Shank3 gene,
previously a difficult and time-consuming
task. But help was at hand, in the form
of a collaboration with McGovern
Investigator Feng Zhang, a pioneer in the
development of genome-editing methods.

Guoping Feng’s lab uses mouse genetic models
to study the neural deficits that underlie
autism-like behaviors.

Using Zhang’s techniques, Zhou was able to
generate mice with two different mutations:
one that had been linked to human autism,
and another that had been discovered in a
few patients with schizophrenia.

The researchers found that mice with
the autism-related mutation exhibited
behavioral changes at a young age that
paralleled behaviors seen in children with
autism. They also found early changes
in synapses within a brain region called
the striatum. In contrast, mice with the
schizophrenia-related gene appeared
normal until adolescence, and then
began to exhibit changes in behavior and
also changes in the prefrontal cortex, a
brain region that is implicated in human
schizophrenia. “The consequences of the
two different Shanks mutations were quite
different in certain aspects, which was very
surprising to us,” says Zhou.

The fact that different mutations in just
one gene can produce such different results
illustrates exactly how complex these
neuropsychiatric disorders can be.
“Not only do we need to study different
genes, but we also have to understand
different mutations and which brain
regions have what defects,” says Feng,
who received funding from the Poitras
Center for Affective Disorders research
and the Simons Center for the Social
Brain. Robertson and Kanwisher were
also supported by the Simons Center.



Surprising Plasticity

The brain alterations that lead to autism are
thought to arise early in development, long
before the condition is diagnosed, raising
concerns that it may be difficult to reverse
the effects once the damage is done. With
the Shanks knockout mice, Feng and his
team were able to approach this question
in a new way, asking what would happen

if the missing gene were to be restored
in adulthood.

To find the answer, lab members Yuan Mei
and Patricia Monteiro, along with Zhou,
studied another strain of mice, in which
the Shanks gene was switched off but
could be reactivated at any time by adding
a drug to their diet. When adult mice
were tested six weeks after the gene was
switched back on, they no longer showed
repetitive grooming behaviors, and they
also showed normal levels of social inter-
action with other mice, despite having
grown up without a functioning Shanks
gene. Examination of their brains
confirmed that many of the synaptic
alterations were also rescued when

the gene was restored.

Not every symptom was reversed by this
treatment; even after six weeks or more of
restored Shanks3 expression, the mice
continued to show heightened anxiety and
impaired motor control. But even these
deficits could be prevented if the Shanks gene
was restored earlier in life, soon after birth.

The results are encouraging because
they indicate a surprising degree of brain
plasticity, persisting into adulthood. If
the results can be extrapolated to human
patients, they suggest that even in adult-
hood, autism may be at least partially
reversible if the right treatment can be
found. “This shows us the possibility,”
says Zhou. “If we could somehow put back
the gene in patients who are missing it,
it could help improve their life quality.”

Converging Paths

Robertson and Feng are approaching the
challenge of autism from different starting
points, but already there are signs of
convergence. Feng is finding early signs
that his Shank3 mutant mice may have an
altered balance of inhibitory and excitatory
circuits, consistent with what Robertson
and Kanwisher have found in humans.

Feng is continuing to study these mice,
and he also hopes to study the effects of a
similar mutation in non-human primates,
whose brains and behaviors are more
similar to those of humans than rodents.
Robertson, meanwhile, is planning to
establish a version of the binocular rivalry
test in animal models, where it is possible
to alter the balance between inhibition and
excitation experimentally (for example, via
a genetic mutation or a drug treatment).
If this leads to changes in binocular rivalry,
it would strongly support the link to the
perceptual changes seen in humans.

One challenge, says Robertson, will

be to develop new methods to measure
the perceptions of mice and other animals.
“The mice can't tell us what they are
seeing,” she says. “But it would also be
useful in humans, because it would allow
us to study young children and patients
who are non-verbal.”

A Multi-Pronged Approach

The imbalance hypothesis is a promising
lead, but no single explanation is likely

to encompass all of autism, according

to McGovern director Bob Desimone.
“Autism is a notoriously heterogeneous
condition,” he explains. “We need to try
multiple approaches in order to maximize
the chance of success.”

McGovern researchers are doing exactly
that, with projects underway that range
from scanning children to developing
new molecular and microscopic methods
for examining brain changes in animal
disease models. Although genetic studies
provide some of the strongest clues,
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Neurons in the striatum, a brain structure that
is affected in a mouse genetic model of autism.

Desimone notes that there is also evidence
for environmental contributions to autism
and other brain disorders. “One that’s
especially interesting to us is maternal
infection and inflammation, which in mice
at least can affect brain development in
ways we're only beginning to understand.”

The ultimate goal, says Desimone, is to
connect the dots and to understand how
these diverse human risk factors affect
brain function. “Ultimately, we want to
know what these different pathways have
in common,” he says. “Then we can come
up with rational strategies for the
development of new treatments.”

McGovern researchers are pursuing many different approaches
to understand the diverse ways in which autism affects the brain.
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Anamorphic Neuron
Sculpture Installed

There’s a new focal point at the McGovern
Institute and it’s called Schwerpunkt. From
the German word meaning “main focus”
or “focal point,” Schwerpunkt is a suspended
anamorphic neuron sculpture by Newton-
based artist Ralph Helmick.

Anamorphosis refers to a distorted image
that becomes recognizable only when
viewed from a particular point. Examples
of anamorphic art date back to the early
Renaissance, with Leonardo’s Eye (Leonardo
da Vindi, c. 1485) being the first known
example in modern times.

Schwerpunkt consists of a hundred
gold-leafed neurons suspended from
the ceiling of the McGovern Institute
lobby. Seen from below, they appear to
float randomly over the lobby, but they
undergo a transformation when viewed
from the focal point on the third floor
atrium level. The sculpture was made
possible by a gift from Hugo Shong in
memory of institute co-founder Patrick
J. McGovern. |
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McGovern Investigator Feng Zhang.

mcgovern.mit.edu
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“Schwerpunkt” consists of 100 gold-leafed neurons (bottom left) that, when
viewed from a unique focal point above the entrance to the McGovern Institute,
align to form the outline of a brain (top). Bottom right, donor Hugo Shong
(left) with sculptor Ralph Helmick at the unveiling ceremony on June 28.
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Feng Zhang has been named a 2016

Tang Prize Laureate in Biopharma-
ceutical Science for his role in developing
the CRISPR-Casg gene-editing system.
The Tang Prize is a biennial international
award from Academia Sinica, Taiwan’s
top academic research institution.

In January 2013, Zhang and his team
were first to report CRISPR-based
genome editing in mammalian cells,
in what has become the most cited

paper in the genome-editing field.

Zhang shares the award with Emmanuelle
Charpentier of the Max Planck Institute
and Jennifer A. Doudna of the University
of California at Berkeley. M



Last year Ed Boyden’s lab described
a novel technique called expansion
microscopy (ExM), in which brain
tissue or other specimens are physically
expanded to reveal fine structural details.
In two new studies, the researchers have
developed further improvements to
ExM, allowing it to be combined with
commonly used reagents for protein
labeling or with fluorescent in situ
hybridization to localize RNA
molecules with greater precision
than previously possible.

In a separate study, Boyden and
colleagues have engineered a set

of proteins that can be customized to
bind arbitrary RNA sequences. The new
method will make it possible to image
RNA inside living cells, to monitor what
a particular RNA strand is doing, and
even to control RNA activity. The strategy
is based on modification of a human
RNA-binding protein that normally helps
guide embryonic development. The
engineered versions serve as building
blocks that can be combined in modular
fashion, allowing them to be targeted

to any desired RNA sequence.

Feng Zhang and colleagues at the Broad
Institute, the National Institutes of
Health, Rutgers University, and the

Skolkovo Institute of Science and
Technology have characterized a new
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Omar Abudayyeh, a graduate student in Feng Zhang’s lab
who helped develop a new CRISPR system that targets RNA.

CRISPR system that targets RNA,
rather than DNA. In a study published
in Science, the team reported the identi-
fication and functional characterization
of C2c2, an RNA-guided enzyme capable
of targeting and degrading RNA. Whereas
DNA editing makes permanent changes
to the genome of a cell, the CRISPR-
based RNA-targeting approach may
allow researchers to make temporary
changes that can be adjusted up or
down, and with greater specificity and
functionality than existing methods for
RNA interference.

Magnetoencephalography (MEG)

lab director Dimitrios Pantazis, along
with collaborators at the MIT Computer
Science & Artificial Intelligence Lab
(CSAIL), described a new method to
produce dynamic movies of human
brain activation by combining timing
information from MEG with the
precise spatial resolution of fMRI.
The researchers have used the method
to reveal the spread of activity during
visual object recognition. M

CSAIL’s Aude Oliva (left) and Radoslaw Martin Cichy
with MEG lab director Dimitrios Pantazis (right).
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Professor Guoping Feng leads the Secretary of Guangdong Province,
Hu Chunhua (second from left), on a tour of the McGovern Institute.

On Thursday May 12, the McGovern Institute hosted
a visiting delegation from China, headed by the Party
Secretary of Guangdong Province, Hu Chunhua, and
also including the Mayor of Shenzhen, Xu Qin, the
Chinese Ambassador to the US, Cui Tiankai, and the
Consul-General to New York, Zhang Qiyue. M

The McGovern Institute for Brain Research at MIT is led by a team of
world-renowned neuroscientists committed to meeting two great challenges
of modern science: understanding how the brain works and discovering
new ways to prevent or treat brain disorders. The McGovern Institute was
established in 2000 by Patrick J. McGovern and Lore Harp McGovern, with
the goal of improving human welfare, communication and understanding
through their support for neuroscience research. The director is Robert
Desimone, who is the Doris and Don Berkey Professor of Neuroscience

at MIT and former head of intramural research at the National Institute
of Mental Health.

Further information is available at: http://mcgovern.mit.edu

Members of Bldg 46 pose with their award-winning brain at MIT’s
“Crossing the Charles” competition.

This May, more than 50 members of MIT’s brain

and cognitive sciences community constructed an 8-foot,
200-pound plywood brain for MIT’s “Crossing the Charles”
competition. The oversized brain won the Da Vinci Award
for Creativity and Wonder and is now on display in Bldg
46. Visit our website to watch behind-the-scenes footage

of this project. W
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