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Development of novel treatments for psychiatric disorders based on biomarkers.

Tomiki Sumiyoshi, MD, PhD
Department of Neuropsychopharmacology, National Institute of Mental Health,
National Center of Neurology and Psychiatry

1. mOFC-BLA synaptic transmission and social behavior in mice

Early-life social isolation is associated with social and emotional problems in adulthood. Recently,
the orbitofrontal cortex (OFC) and basolateral amygdala (BLA) have been highlighted as key nodes
for social and emotional functions. Therefore, we hypothesize that early social deprivation disrupts
the information processing in the OFC-BLA pathway and leads to social and emotional dysfunction.
In this study, we examined the effects of adolescent social isolation on the OFC-BLA synaptic
transmission by optogenetic and whole-cell patch-clamp methods in adult mice. Our results suggest
that adolescent isolation disrupts neurotransmission in the medial OFC-amygdala pathway, affecting
social behavior and altering passive stress responses via the lateral OFC-amygdala pathway.

2. Translational research on taVNS

The transcutaneous auricular vagus nerve stimulation (taVNS) is highlighted as a non-invasive
alternative method for VNS. In this study, we examined the effect of taVNS on the contextual fear
extinction learning in mice. For taVNS, mice were applied electrical stimulation to auricular concha
area. For sham stimulation, auricular helix area was stimulated. A clinical trial was conducted to
explore possible indicators for taVNS in healthy adults (jJRCTs032220332). The results indicated a
significant reduction in sympathetic activity during taVNS. Significant reductions in resting brain
functional connectivity were also observed, indicating potential applications of taVNS in treating
various neurological conditions.

3. The Mental lliness Registry

The Mental IlIness Registry (my-registry) is a nationwide cohort registry established by the NCNP in
collaboration with the Japanese Society of Psychiatry and Neurology, supported by the Japanese
Association of Psychiatric Hospitals and the Japanese Association of Psychiatric Clinics and also in
collaboration with patient groups and companies. The system was established with research funding
(FY2018-2020) from AMED. From FY2021, the basic part to support the expansion and
maintenance of the registry will be funded by the Intramural Research Grant, while the utilization
research will be funded by AMED research funding. This year, with the aim of using the information
for pharmaceutical purposes, a new slot with disease-specific evaluation items was created to ensure
reliability at the regulatory level. To this end, we applied for and were accepted into the Ministry of
Health, Labour and Welfare's RWD Utilization Promotion Project, through which IT platform
requirements were defined, system modifications and CSV were implemented. In addition, an
automatic information collection system (Cyber-NP) from electronic medical records was introduced
at seven facilities including NCNP to reduce the burden of medical information registration and
promote recruitment.



4.  Astudy of biomarkers for neuromodulation using brain neuroimaging

In this study, we obtained informed consent from 249 subjects and collected MR, optical
topography, biological samples (blood and cerebrospinal fluid), and clinical information.

The mechanism of action and therapeutic effect of electroconvulsive therapy (ECT) were examined.
PET scan before and after ECT was performed to analyze the neuroinflammatory response. The
results suggested that microglial activation increased after ECT, with a particularly large increase in
SUVTr (SUV of the region of interest/ SUV of the left ventricle) in MDD. To investigate the
relationship between treatment responsiveness and neuroinflammatory levels, more sample are
needed. In the future, we will identify subtypes, examine relapse/relapse indices, and examine
prediction by intervention, as well as longitudinally utilizing the platform of the Mental IlIness
Registry.

5. Cognitive impairment in patients with schizophrenia

Schizophrenia patients elicit a wide range of psychopathology, including psychotic symptoms,
mood symptoms, and cognitive impairment. Functional capacity is defined as the ability to perform
everyday living skills, which is linked to cognition and real-world functional outcome. In a previous
open trial, we demonstrated that transcranial direct current stimulation (tDCS), one of the
neuromodulation methods, improved cognition and functional capacity in 28 patients with
schizophrenia. However, since it was a pilot study, a controlled trial is needed. Therefore, we
conduct a randomized controlled trial designed to evaluate the effect of tDCS on functional capacity
in patients with schizophrenia. This is a two-arm, parallel-design, randomized controlled trial, in
which patients and assessors will be blinded. Patients meeting DSM-5 criteria for schizophrenia are
enrolled and randomized to receive either active or sham stimulation (with 10 sessions in five
consecutive days). Functional capacity is evaluated by the UCSD Performance-based Skills
Assessment-Brief as primary outcome. Cognition, as measured by the Brief Assessment of Cognition
in Schizophrenia, and psychotic symptoms, as measured by the Positive and Negative Syndrome
Scale, are also evaluated. Data are collected at baseline, immediately after the last stimulation, and 1
and 2 months thereafter. If active stimulation elicits greater effects compared with those of sham
stimulation, it may add to the efforts to improve functional outcomes by neuromodulation in patients
with schizophrenia.

6. Seconds range time perception as a circadian marker of mood disorders

Abnormalities in sleep and biological rhythms are highly prevalent in mental disorders,
particularly mood disorders. A bidirectional relationship has been proposed between mood disorders
and sleep/circadian alterations, suggesting that the optimization of sleep and circadian physiology
could ameliorate the pathophysiology of mood disorders. This study aimed to assess the clinical
efficacy of chronotherapeutic treatment (wake therapy) and to develop clinically relevant
sleep/circadian markers in mood disorders. In two depressed patients who were administered wake
therapy (three cycles of total sleep deprivation and recovery sleep) in one week, we preliminarily
found an acute antidepressant effect. In addition, in 14 depressed patients who received repetitive
transcranial magnetic stimulation over four weeks, we preliminarily found an association between
short-interval time perception and antidepressant response. Moreover, using existing data, we found
an association between the baseline rate of rapid eye movement sleep and the antidepressant effect of
wake therapy in 31 bipolar depressed patients. The development of sleep and biological rhythm
indices is expected to facilitate an understanding of the pathophysiology and development of
treatments for mood disorders.



7. Cerebral cortical structural alteration patterns across four major psychiatric disorders in 5549
individuals

According to the operational diagnostic criteria, psychiatric disorders such as schizophrenia (SZ),
bipolar disorder (BD), major depressive disorder (MDD), and autism spectrum disorder (ASD) are
classified based on symptoms. While its cluster of symptoms defines each of these psychiatric
disorders, there is also an overlap in symptoms between the disorders. We hypothesized that there
are also similarities and differences in cortical structural neuroimaging features among these
psychiatric disorders. T1-weighted magnetic resonance imaging scans were performed for 5,549
subjects recruited from 14 sites. Effect sizes were determined using a linear regression model within
each protocol, and these effect sizes were meta-analyzed. The similarity of the differences in cortical
thickness and surface area of each disorder group was calculated using cosine similarity, which was
calculated from the effect sizes of each cortical regions. The thinnest cortex was found in SZ,
followed by BD and MDD. The cosine similarity values between disorders were 0.943 for SZ and
BD, 0.959 for SZ and MDD, and 0.943 for BD and MDD, which indicated that a common pattern of
cortical thickness alterations was found among SZ, BD, and MDD. Additionally, a generally smaller
cortical surface area was found in SZ and MDD than in BD, and the effect was larger in SZ. The
cosine similarity values between disorders were 0.945 for SZ and MDD, 0.867 for SZ and ASD, and
0.811 for MDD and ASD, which indicated a common pattern of cortical surface area alterations
among SZ, MDD, and ASD. Patterns of alterations in cortical thickness and surface area were
revealed in the four major psychiatric disorders. To our knowledge, this is the first report of a
cross-disorder analysis conducted on four major psychiatric disorders. Cross-disorder brain imaging
research can help to advance our understanding of the pathogenesis of psychiatric disorders and
common symptoms.

8. Biobanking of cerebrospinal fluid samples, and biomarker development of psychiatric disorders
We aim to develop a biomarker of psychiatric disorders using cerebrospinal fluid (CSF) samples.
CSF samples from patients with schizophrenia, depression and bipolar disorder, and healthy controls
were collected and stored in NCNP biobank together with cross-disease psychological assessments.
CSF levels of the proteins and metabolites were measured using e.g. high sensitive multiplex
immunoassays or high performance liquid chromatography. We also conducted joint research using
those bioresources with multiple researchers inside and outside the NCNP. As a result, we obtained
20 CSF samples in this fiscal year (total 1,422 excluding depleted samples). Using those samples, (1)
we identified specific inflammatory cytokines and amino acids showing abnormal elevations, which
were associated with distinct neuropsychological and neuroimaging characteristics. These changes
were specific to CSF and not observed in simultaneously collected plasma samples. (2) A subset of
schizophrenia samples showed elevated levels of myelin basic protein, which were associated with
decreased motor speed and white matter abnormalities in the parietal region. (3) A collaborative
study with Teikyo University measured five neuropeptides in psychiatric disorders. Neuropeptide
levels were below the quantitation limit in CSF, and no differences were observed in the plasmas
between patients and healthy controls. (4) Collected CSF samples were widely used as controls in
neurological disorder research. Collaborative studies with Fukushima Medical University and Osaka
University yielded findings such as the usefulness of brain-type transferrin as a CSF marker for
idiopathic intracranial hypotension and the identification of blood-brain barrier dysfunction markers
in Alzheimer's disease. Through CSF analysis and cross-disease evaluation, potential subtype
biomarkers for psychiatric disorders were identified. We aim to continue elucidating the



pathophysiology of psychiatric disorders and contribute to the development of treatment strategies
using the obtained resources and data.
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3-2 Dissemination studies of Cognitive Behavioral Therapy for Citizens across Japan

Hironori Kuga, M.D., Ph.D., M.P.H.

National Center for Cognitive-Behavior Therapy and Research, NCNP, Tokyo, Japan

Overall purpose of the project

The main goal of this study is to build foundations for the widespread public use of treatment and care methods
of cognitive-behavioral therapy (CBT). To meet the goal, we conduct research on CBT that focusses on national
issues of not only depression and anxiety but also sleep and pain. With the aim of increasing the availability of CBT,
we also work on tele-health hybrid CBT, transdiagnostic (not limited to diagnosis) CBT. Furthermore, we will
establish a CBT Registry Japan, conducting researches that will contribute to the elucidation of the therapeutic

mechanism of CBT and the establishment of therapeutic optimization.

Research results

Our research on CBT for sleep includes the creation of treatment materials and video teaching aids,
treatment manuals. As for CBT for pain, we are conducting a multi-site randomized controlled trial of CBT
for irritable bowel syndrome based on the data obtained in the pilot study. On telehealth hybrid CBT for
depressed patients, we are conducting a clinical trial based on the workbook we developed. In the research
on transdiagnostic CBT we tried to find out the pathogenesis of depression and anxiety, as well as to promote
equalization in group formats and CBT for children. On CBT for sleep, we developed digital materials for
providing clinical research on CBT for patients with insomnia. On the establishment of a CBT Registry Japan,
we determined the data items for the registry. In addition, a trial has been initiated to incorporate cases from

clinical trials of cognitive behavioral therapy into an existing registry for psychiatric disorders.

Future directions

We continue to conduct clinical trials and studies and maintain and strengthen partnerships with
research support departments, hospitals, and other institutions to drive CBT in various clinical settings. We
also promote the research projects necessary to make CBT available to the public. In the future, we are
planning to actively research CBT using ICT. And we will promote the construction of a CBT Registry Japan in

order to elucidate the therapeutic mechanism of CBT and establish therapeutic optimization.
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Hybrid Studies of Basic and Clinical Research on Neurocognitive
Neurodegenerative Disorders

Takeshi Iwatsubo, M.D., Ph.D.
Principal Investigator of the Research Group
National Center of Neurology and Psychiatry

(1) Purpose of the study group

The mission of the study group was to elucidate the pathogenesis/pathophysiology
of neurocognitive neurodegenerative disorders, and to develop methods for their
prevention, therapy and care. To achieve the goal, the group conducted following three
projects; 1) basic research, 2) clinical investigation, and 3) development of new
treatment and care of neurocognitive disorders.

(2) Members of the research group:
Takeshi Iwatsubo, Hidehiro Mizusawa, Tomohiro Kabuta, Masato Hasegawa, Yuji
Saitoh, Masaki Takao, Noriko Sato, Tadashi Tsukamoto, Yoshie Ohmachi, Eiko N

Minakawa

(3) Results and Discussion
1) Translational studies of neurocognitive disorders

We found that casein kinase 16/¢ phosphorylates FUS and ameliorates FUS-
mediated neurodegeneration. Cryo-electron microscopy determined the structures of a-
synuclein or TDP-43 filaments from the brains of patients with PD, PDD and DLB, or
FTLD-TDP. We also found the Age-dependent formation of TMEM106B amyloid
filaments in human brains.

We found that sleep disturbance is a possible modifiable risk factor in Parkinson’
disease model mice. To apply some results of basic research to clinical investigation, we
have done proteome analyses of cerebrospinal fluids of patients with and without
preceding sleep disturbance in neurocognitive disorders.

2) Clinical investigation of neurocognitive disorders

Studies using free water 1maging suggested that tau aggregation or
neuroinflammation elevates the free water in AD. The free water imaging can be used
for the assessment of neurodegenerative change and progress. Using DTI-ALPS, the
relationships between the deposition of amyloid-8 and tau protein and glymphatic
system activity were suggested in Alzheimer's Disease.

Pathologic studies of the postmortem brains of people with super longevity (110
years and over) suggested that there are factors which delay or prevent the pathologic
changes with aging in people with super longevity.

3) Study on new treatment and care of the disorders.

For persons who care patients with these disorders, we have developed Japanese
version of iSupport (Support-J), which was developed based on WHO’s Mental Health
Gap Action Program. We have started to investigate the usefulness of iSupport-dJ.

We have started and continued Brain Health Project Kodaira under the
collaboration with Kodaira city as well as Kodaira Medical Association.
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