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Summary (Abstract) of doctoral thesis contents

Social interactions play a critical role in the development of social and
cognitive skills. Social interactions can be facilitated by action-outcome contingency,
in which self-actions result in relevant responses from others. Previous studies have
indicated that the striatal reward system plays a role in generating signals
associated with action-outcome contingency. How is this signal generated in the
striatal reward system? The action-outcome contingency signal is dependent upon two
types of signals: a signal representing the individual’s own action and a signal
associated with the outcome of that action. However, as these signals have not been
evaluated separately in previous studies, the mechanisms wherein signals associated
with self-actions and their outcomes are integrated in order to generate an
action-outcome contingency signal are not well understood.

Among a distributed set of brain regions associated with processing of
self-related information, the medial prefrontal cortex (mPFC) is consistently reported
and thus proposed as a critical node of self-related processing. It have been proposed
that the self-reference increases the coupling between brain regions that are assigned
to different stages of information processing. This raises the possibility that signals
from components of the self-related network such as the mPFC modulate the input of
sensory signals of the outcome to value processing in order to generate
action-outcome contingency signals.

In the present study, I conducted a functional magnetic resonance imaging
(fMRI) experiment on 38 healthy human participants in order to test the hypothesis
that local brain activity representing the self modulates connectivity between the
striatal reward system and sensory regions that process the responses of others. I
employed a social action-outcome contingency task in which the participant
attempted to make a listener laugh by telling funny jokes. In this task, the utterance
was regarded as the action, and the laughter was regarded as the outcome. Two
factors were manipulated: the speaker of the joke (self or another) and the listener’s
response (a sound of group or single laughter and no laughter). The participants
rated subjective pleasure after the listener’s response in each trial. In the fMRI data
analysis, I evaluated brain activity when the participant heard the listener’s
response to an uttered joke.

Participants reported more pleasure when greater laughter followed the
utterance of their own jokes than those of another. This result indicates that
action-outcome contingency increases subjective pleasure, consistent with previous
findings that action-outcome contingency increases positive response to social

interactions. As results of fMRI data analysis, the listener’s responses to the
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participant’s utterance produced stronger activation in the mPFC than those to
another’s utterance. Greater activation was observed in the auditory cortex when
laughter followed the utterance, relative to no response following the utterance.
Laughter activated the ventral striatum more strongly when the participants made
the listeners laugh than when another did. Then, I conducted physio-physiological
interaction (PPI) analyses in order to test the hypothesis that self-related activity in
the mPFC modulates the functional connectivity between the auditory cortices and
reward system. In the PPI analyses, the ventral striatum showed interaction effects
with regard to signals extracted from the mPFC and auditory cortex. I also observed
a significant correlation between the interaction term of subjective pleasure and PPI
effect at the top peak coordinate of the left ventral striatum. These results provide
supporting evidence for the hypothesis that the mPFC, which is implicated in
self-related processing, gate sensory input of the other’s response to value processing
in the ventral striatum.

In conclusion, using a social action-outcome contingency task in which
participants made a listener laugh by telling funny jokes, I found that the ventral
striatum showed interaction of two signals: a signal from auditory cortex and a signal
from mPFC that was sensitive to self actions. These results suggest that self-relevant
signals from the mPFC modulate sensory input of the outcome to value processing in

the reward system.
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