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This image illustrates nerve fibers that originate in a part of the prefrontal cortex
associated with emotion. The green shows the termination of fibers from a part
of the prefrontal cortex in the striatum; the red depicts striosomes; and the
yellow shows their overlap. The researchers found that the striatum —
particularly the striosomes — may act as a gatekeeper that processes sensory and
emotional information from the cortex to produce a decision on how to react.
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Some decisions arouse far more anxiety than others. Among the most
anxiety-provoking are those that involve options with both positive and
negative elements, such choosing to take a higher-paying job in a city far
from family and friends, versus choosing to stay put with less pay.

MIT researchers have now identified a neural circuit that appears to
underlie decision-making in this type of situation, which is known as
approach-avoidance conflict. The findings could help researchers to
discover new ways to treat psychiatric disorders that feature impaired
decision-making, such as depression, schizophrenia, and borderline
personality disorder.

"In order to create a treatment for these types of disorders, we need to
understand how the decision-making process is working," says
Alexander Friedman, a research scientist at MIT's McGovern Institute
for Brain Research and the lead author of a paper describing the findings
in the May 28 issue of Cell.

Friedman and colleagues also demonstrated the first step toward
developing possible therapies for these disorders: By manipulating this
circuit in rodents, they were able to transform a preference for lower-
risk, lower-payoff choices to a preference for bigger payoffs despite
their bigger costs.

The paper's senior author is Ann Graybiel, an MIT Institute Professor
and member of the McGovern Institute. Other authors are postdoc Daigo
Homma, research scientists Leif Gibb and Ken-ichi Amemori,
undergraduates Samuel Rubin and Adam Hood, and technical assistant
Michael Riad.

Making hard choices

The new study grew out of an effort to figure out the role of
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striosomes—clusters of cells distributed through the the striatum, a large
brain region involved in coordinating movement and emotion and
implicated in some human disorders. Graybiel discovered striosomes
many years ago, but their function had remained mysterious, in part
because they are so small and deep within the brain that it is difficult to
image them with functional magnetic resonance imaging (fMRI).

Previous studies from Graybiel's lab identified regions of the brain's
prefrontal cortex that project to striosomes. These regions have been
implicated in processing emotions, so the researchers suspected that this
circuit might also be related to emotion.

To test this idea, the researchers studied mice as they performed five
different types of behavioral tasks, including an approach-avoidance
scenario. In that situation, rats running a maze had to choose between
one option that included strong chocolate, which they like, and bright
light, which they don't, and an option with dimmer light but weaker
chocolate.

When humans are forced to make these kinds of cost-benefit decisions,
they usually experience anxiety, which influences the choices they make.
"This type of task is potentially very relevant to anxiety disorders," Gibb
says. "If we could learn more about this circuitry, maybe we could help
people with those disorders."

The researchers also tested rats in four other scenarios in which the
choices were easier and less fraught with anxiety.

"By comparing performance in these five tasks, we could look at cost-
benefit decision-making versus other types of decision-making, allowing
us to reach the conclusion that cost-benefit decision-making is unique,"
Friedman says.
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Using optogenetics, which allowed them to turn cortical input to the
striosomes on or off by shining light on the cortical cells, the researchers
found that the circuit connecting the cortex to the striosomes plays a
causal role in influencing decisions in the approach-avoidance task, but
none at all in other types of decision-making.

When the researchers shut off input to the striosomes from the cortex,
they found that the rats began choosing the high-risk, high-reward option
as much as 20 percent more often than they had previously chosen it. If
the researchers stimulated input to the striosomes, the rats began
choosing the high-cost, high-reward option less often.

Emotional gatekeeper

The findings suggest that the striatum, and the striosomes in particular,
may act as a gatekeeper that absorbs sensory and emotional information
coming from the cortex and integrates it to produce a decision on how to
react, the researchers say.

That gatekeeper circuit also appears to include a part of the midbrain
called the substantia nigra, which has dopamine-containing cells that play
an important role in motivation and movement. The researchers believe
that when activated by input from the striosomes, these substantia nigra
cells produce a long-term effect on an animal or human patient's
decision-making attitudes.

"We would so like to find a way to use these findings to relieve anxiety
disorder, and other disorders in which mood and emotion are affected,"
Graybiel says. "That kind of work has a real priority to it."

In addition to pursuing possible treatments for anxiety disorders, the
researchers are now trying to better understand the role of the dopamine-
containing substantia nigra cells in this circuit, which plays a critical role
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in Parkinson's disease and may also be involved in related disorders.
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