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Intramural Research Grant (5-8) for
Neurological and Psychiatric Disorders of NCNP

Fundamental research into brain function and its diseases using primate

model animals
Principle investigator: Kazuhiko SEKI (NCNP)

Research Objective

It is estimated that there are 3 million patients with Alzheimer's disease (AD) in Japan

and 18 million worldwide. Including other forms of dementia, the number is said to reach

5 million in Japan. Additionally, the increasing number of autism patients has become an

urgent social issue. This research aims to establish the world's first model animal system

for these diseases using monkeys and to develop biomarkers that reflect the onset and

progression of these conditions. The study consists of three projects:

1.

Development and Phenotypic Evaluation of Alzheimer's Disease (AD) Model
Monkeys: We will focus on 5xFAD-type TG marmosets, which have a proven
record of early onset in rodents. We will develop behavioral, biochemical, and
brain function imaging biomarkers for these marmosets.

Development and Phenotypic Evaluation of Autism Models: We will create
model animals by administering valproate to parent animals and elucidate their
homology with human patients using electrophysiological, biochemical, and

experimental psychological methods.

. Development of New Biomarkers for Primate Models: By collaborating with

prominent young researchers in Japan and utilizing primate disease model animals,
we will develop new biomarkers for the above-mentioned diseases and others,
which were previously impossible to achieve using only NCNP's research

résources.

Results

In the creation and analysis of the AD model marmoset, we oversaw the entire

research. In item 1, we continued producing individual models using developmental

engineering techniques and continued searching for disease biomarkers. In item 2, we



continued developing primate disease biomarkers from various angles in collaboration
with young domestic researchers. In the creation and analysis of the marmoset autism
model, we constructed an ASD model using valproic acid marmosets and investigated
their gene expression and biomarkers. We analyzed the correlation between marmoset
and human autism subtypes and demonstrated that the valproic acid marmoset is a good
model for the ASD G1 subtype. Additionally, we confirmed the enhancement of histone
acetylation due to valproic acid exposure and successfully identified ASD subtypes. In
the biochemical and behavioral phenotypic evaluation of the dementia model
marmoset, we measured the AB42/40 ratio in the CSF and plasma of genetically modified
AD model marmosets and identified individuals showing biochemical changes similar to
those of AD patients. Behavioral analysis showed no clear difference between the AD
model and wild-type marmosets, but the effectiveness of AD biomarkers was suggested.
In the evaluation of the AD model marmoset using PET, we evaluated brain changes
in AD model marmosets using PET and confirmed the formation of amyloid plaques, high
expression of TSPO, and the presence of tau pathology. This demonstrated the validity of
the AD model and provided important data for further model evaluation. In the
development of transcriptome analysis and translatable markers using primate
model animals, we analyzed the gene expression of valproic acid-exposed marmosets
and confirmed the downregulation of excitatory neurons and the upregulation of glial
cells. This clarified part of the gene expression dynamics of autism spectrum disorders
and succeeded in developing translatable molecular markers. In the evaluation of
disease states using autonomic nervous function as an indicator, we investigated the
relationship between the control mechanism of voluntary breathing and emotional
information processing using macaques. By recording neural activity in the
supplementary motor area and pre-supplementary motor area during tasks that changed
breathing timing, we suggested that respiratory control is involved in emotional control.
In the evaluation of fronto-parietal impairment by measuring sensory feedback
responses, we analyzed the function of the fronto-parietal cortex involved in the
adjustment of long-latency responses using macaques. Based on the neural activity
recordings of the fronto-parietal cortex, we clarified the predictive adjustment mechanism
of feedback responses.

In the elucidation of the neural mechanisms of obsessive-compulsive disorder using

macaques, we conducted simultaneous measurement of OCD-like behavior and



introspection using macaques and analyzed the neural activity of the anterior cingulate
cortex and lateral prefrontal cortex. We clarified the relationship between introspection
and checking behavior and elucidated the neural basis of OCD. In the development of
disease biomarkers using wide-area cortical EEG, we compared wide-area cortical
EEGs of healthy and disease model marmosets and detected abnormalities in ASD and
epilepsy models. This demonstrated that wide-area cortical EEG is an effective tool for
disease biomarkers. In the development of large-scale neural activity recording and
analysis methods for creating biomarkers in marmosets, we measured the brain
activity of marmosets in layers and developed a method to analyze information
transmission networks from layer-specific fMRI data. We clarified layer-specific
responses to tactile stimulation and deepened the understanding of bidirectional
hierarchical somatosensory processing. In the quantification of the neural basis of
flexible decision-making led by brain diversity and its impairment, we analyzed
diverse behavioral strategies using macaques in a VR environment. We succeeded in
manipulating macaque decision-making using optogenetics and elucidated the brain basis
that generates diversity. In the functional analysis and behavioral indicator
development of the "prefrontal-basal ganglia" connection using gene-introduced
macaques, we analyzed the projection patterns from the prefrontal cortex to the striatum
in macaques and demonstrated that the ventral prefrontal cortex is involved in attention
arousal, and the dorsal prefrontal cortex and insular cortex are involved in the processing
of tactile sensory signals. In the elucidation of prefrontal lobe function connections in
processing self and others' behavioral information, we analyzed neural activity during
cognitive behavioral tasks using macaques and demonstrated that the PMv processes
sensory information about others' actions and the MPFC processes predictions and error

information about others' actions.



