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Abstract of Thesis

Choice behavior can be shaped by strategies aimed at achieving desirable outcomes and avoiding
undesirable outcomes. In situations where the appropriate response for achieving desired outcomes 1is
unclear or ambiguous, previous experiences of failure can be utilized to inhibit inappropriate
responses. Negative outcomes have long been recognized as significant factors in guiding behavioral
inhibition. However, the neural mechanisms of NAc Dl- and D2-MSNs underlying the wutilization of
inhibition—based strategies for decision-making are not fully understood. The nucleus accumbens (NAc),
particularly the NAc core subregion, plays a crucial role in decision—making by integrating information
about outcome values and goal selection. The NAc consists mainly of dopamine D1 and D2
receptor—expressing medium spiny neurons (D1/D2-MSNs). While D1-MSNs mediate reward-related learning
D2-MSNs mediate aversion-related learning and behavioral flexibility. To examine inhibition—based
decision—-making, a visual discrimination—based cue-guided inhibition learning (VD-Inhibit) task was
used. In this task, mice underwent training to suppress a touch response when presented with a
consistent visual cue indicating the absence of a reward, while they were required to respond to a
random visual cue without prior outcome association to receive a liquid reward. Optogenetic suppression
of NAc DI-MSNs and D2-MSNs during specific time windows, including inter—trial-interval, cue, and
outcome period, was used to investigate the impact of inactivating these subpopulations on
inhibition-based behavioral strategies. 1 found that suppressing DI-MSNs at different time windows
provided varying effects on subsequent trials following incorrect responses. However, only suppressing
D2-MSNs during the outcome period was sufficient to inhibit performance on trials following incorrect
responses, indicating that error-related activity in a subset of NAc D2-MSNs specifically affects the
outcome period and guides future choice behavior by steering mice away from environmental cues
associated with incorrect choices. In addition to their well-established role in limbic control, NAc
D1-MSNs and D2-MSNs may also influence locomotor activity. Within the basal ganglia circuitry, DI1-MSNs
in the NAc project to both the ventral pallidum (NAC"'™N-VP) and substantia nigra pars reticulata
(NACP'™™N-SNr), while D2-MSNs primarily project to the VP. The role of the NAc’"™™-VP pathway in limbic
control is still debated due to conflicting effects observed in optogenetic stimulation, which can
induce both aversion and reward-related behavior. Furthermore, it 1is suggested to be involved in
locomotor control, but further research is required to clarify its specific role. Conversely, the role
of the NAc”™N-SNr pathway is less understood, although it is proposed to be part of a limbic information
processing basal ganglia loop circuit that drives reinforcement. Recent evidence suggests it may
influence motor behavior, but more investigation is needed to determine whether its activation directly
leads to changes in motor behaviors or reinforcement effects. In this study, I selectively stimulated
NAc D1-MSNs projecting to the SNr or VP using optogenetic techniques to examine their impact on motor
and reward-related tasks. Surprisingly, 1 observed similar locomotion and reward-related learning
responses in both the stimulation of NAc NAc”'™N-VP and NAC"'™N-SNr pathways. These results align with
retrograde tracing data showing collateral projections of SNr and VP-projecting NAc DI-MSNs, which
provides anatomical evidence support their similar role in valence coding. Overall, these findings
reinforce the idea of similar pathway-specific coding and demonstrate the importance of

output—projecting NAc D1-MSNs in reward-related learning, motivated behavior, and locomotor regulation.
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