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Summary of thesis contents

Classical or Pavlovian conditioning is the way of learning the association between a
reward-predicting (conditioned) stimulus (CS) and unconditioned reward (or
punishment) (UCS). It is thought that midbrain dopamine (DA) neurons play a critical
role in performing the associative learning. It has been proposed that DA neurons
encode signal errors in reward prediction because DA neurons are initially activated
by an unpredicted reward, but, when an association between a sensory predicting cue
and reward is established, responses of DA neurons shift from the reward to the
predicting CS. Under the later circumstances, the magnitude of DA response reflects
the value of reward predicted by the CS.

Although these properties of DA neurons are well known, it is still unclear which
pathways mediate the signals of reward predicting sensory cues to DA neurons. A
recent study reported the existence of the direct pathway from superior colliculus (SC),
a subcortical visual center, to DA neurons in the substantia nigra pars compacta (SNc).
Because DA neurons are elicited by the visual stimulus with a short latency, it was
hypothesized that the short latency visual CS responses in DA neurons could be
mediated by the SC. To test this hypothesis might give a clue to understand how the
reward value signal emerges in DA neurons.

In this study, I first trained three macaque monkeys with unilateral primary visual
cortex (V1) lesions (a primate model of ‘blindsight’ in humans) in a Pavlovian
conditioning task. It is known that after such damage to the V1, the visual awareness
in the lesion-affected visual field is impaired. However some patients and monkeys
with such lesion can localize the visual stimulus presented to the affected visual field.
This phenomenon is called ‘blindsight’, in which the superior colliculus is known to
function as the primary visual center. During fixation to the fixation point in the
center of screen, the visual CS were presented to the lesion-affected visual fields. Two
kinds of CSs were used; one predicting an immediate (0.7 or 1.3 after CS onset) and
large reward (LR trial), while another predicting a delayed (1.5 s after CS offset) and
small reward (SR trial). The CSs could be discriminated by their position (higher or
lower) relative to the fixation point in the center of screen. The licking behavior was
recorded to assess whether the monkeys learned the association between the CSs and

subsequence reward.
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If the licking responses occurred following CS presentation but before reward
delivery, they were regarded as anticipatory, and their development would indicate
that the Pavolvian conditioning was established by the visual CSs. Furthermore, to
investigate the contribution of visual information via SC, | injected muscimol, a
GABAA receptor agonist, into ipsi-lesional SC to reversibly inactivate the neuronal
activity in SC. Then, the monkeys could not perform the anticipatory response. These
results indicated that the visual information via SC was used for performing the
anticipatory licking.

When the visual CSs were presented in the lesion-affected visual field, short latency
phasic responses to CSs were observed in all the recorded DA neurons. Moreover,
larger responses were elicited in LR trials than in SR trials, which suggest that they
carry the information about the reward value. To investigate the contribution of SC to
the visual CS responses in DA neurons, muscimol was injected into the SC while the
activity of DA neurons were recorded. Then, the response of DA neurons was
completely diminished.

These results indicate that the short latency phasic responses of midbrain DA
neurons evoked by visual CSs presented to the monkey’s V1 lesion-affected ‘blind’
field are mediated by the subcortical visual pathway, via the SC. Furthermore, the
responses involve the information about the value of the predicted reward. These
results would give insights into the neural mechanism to calculate the reward value

signal.
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