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1. Application of chemogenetic-imaging for investigation of decision-related system

It has been reported by a study that pathway-selective suppression is inducible by synaptic inhibition caused by
locally infused CNO at the synaptic terminal of hM4Di-DREADD-expressing neurons (Stachniak et al., 2014).
We demonstrated that systemic administration of CNO disrupts reward-based decision making in monkeys
expressing hM4Di in bilateral rostromedial caudate (rmCD) (Nagai et al. Nat Commun 2016). We also identified
hMA4Di expressing axon terminals in the ventral pallidum (VP). We will verify the effectiveness of synaptic
silencing with these monkeys by asking whether behavior and neural representation are altered. In FY2016, we
started neuronal recordings from rhesus monkeys (N = 2), while they performed the decision-making task based
on expected reward-size (Minamimoto et al., 2009). We observed value-coding neurons in both rmCD (39/107)
and VP (63/105) that transiently encoded the expected reward size, following the reward-size cue presentation.
At the population level, VP neurons exhibited significant value coding earlier after cue presentation (140 ms)

than rmCD neurons (230 ms, P <0.01). In FY2017, we are going to verify the effectiveness of synaptic silencing.



2. Development of technology for non-invasive neuronal projection mapping

For development of noninvasive neural projection mapping technology, we will explore a new PET ligand with
high affinity for DREADDs. In FY2016, we designed a compound library, which contains 400 candidate
compounds with five types of molecular scaffolds derived from clozapine (80 compounds for each scaffold). It
is considered to be feasible to generate this compound library, because selected 103 compounds were

successfully synthesized. We will make screening using some of these compounds in FY2017.

3. Visualizing large-scale network effect of DREADD-induced local neuronal manipulation

We attempt to elucidate the network effect of local neuronal manipulation by combining DREADD with
functional neuroimaging in macaques. In FY2016, we developed an experimental protocol for concurrent
DREADD-fMRI to examine the effect of DREADD manipulation on the sensory-evoked neuronal activity. First,
the sole region in the primary somatosensory cortex (SI) was identified using fMRI under the tactile stimulation
on the sole of an anaesthetized macaque. We then injected an adeno-associated virus (AAV) vector expressing
inhibitory DREADD (hM4Di) into the identified Sl sole region. Systemic administration of CNO during fMRI
with tactile stimulation induced significant decrease in the sensory-evoked BOLD signal at the virus-injected Sl
sole region, while it did not affect the activity in the control regions—the hand region of the virus-injected
hemisphere or the sole region of the opposite intact hemisphere.

In order to assess the physiological function of excitatory DREADD, we also conducted FDG-PET with a
monkey that received an AAV vector expressing excitatory DREADD (hM3Dq) into the amygdala unilaterally.
Systemic administration of CNO led to significant increase in the glucose metabolism at the putative hM3Dq
expression site as compared with the corresponding contralateral region, indicating that the functional

neuroimaging enables us to assess increased local neuronal activity driven by the excitatory DREADD.
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