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Development of novel treatments for psychiatric disorders based on biomarkers.

Mitsuhiko Yamada, 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 experience is critical for the development of social cognition, and early social
deprivation induces alteration of sociality in animals and human. In this study, we examined effects
of social isolation (SI) on mOFC-BLA synaptic functions in mice. First, we isolated the mice during
early (3-5 weeks of age) or late (6-8 weeks of age) adolescence and assessed sociality and
mOFC-BLA synaptic properties using optogenetic and patch—clamp methods. SI in
early—adolescent, but not late adolescent, decreased sociality and AMPA/NMDA current ratio in
the mOFC-BLA synapse. These results suggested that SI disrupted mOFC-BLA synaptic function

in early adolescence and caused social deficit.

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. We confirmed that the number of
c—Fos positive cells in the nucleus of solitary tract was increased in taVNS—mice compared to sham
control mice. Then, we examined the effect of taVNS on the extinction learning of contextual fear.
As a result, taVNS facilitated fear extinction learning in mice. The mouse model reported in the
present study would be a useful tool to investigate further the mechanism of taVNS in the brain.

Now, we are planning to perform clinical research on taVNS.

3. The Mental Illness Registry

The Mental Illness Registry (miregistry) 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, by research funding (FY2018-2020) from the
AMED to establish the system. From FY2021, the basic part to support the expansion and
maintenance of the registry and utilization research will be funded by the Intramural Research

Grant, while utilization research will be funded by AMED research funds. This year, efforts were
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made to increase the number of entries and the number of participating facilities, and to build a
system to support utilization research. The number of patients who have given informed consent
was 938 while the number of patients who have actually completed the basic information (nearly
medical record information) was 444. Males and females were 39% and 61%, respectively, and the
age distribution was almost normal, with the largest number of patients in their 40s. With regards to
disease classification, schizophrenia was the most common. In addition, one application for
utilization research (“Examination of prognosis and outcome prediction in a registry of psychiatric
disorders and examination of new analysis methods”) was received, and the Information Provision
Review Committee was convened on 19th April, which was approved). In consideration of the
burden on other medical institutions outside of academia, we narrowed down the required items

among the items of basic information.

4. Imaging biomarker research

As of March 2022, we performed NIRS and MRI with 224 patients, and cerebrospinal fluid (CSF)
examination was performed with the 133 patients. The SCID-I diagnosis was 40.36% for major
depressive disorder (MDD), 21.52% for schizophrenia (Sc), 22.42% for bipolar disorder (BP), and
17.49% for other diseases. We evaluated the relationships between brain microstructural features
and causality orientation in patients with Sc, MDD, and BD by diffusional kurtosis imaging (DKI)
techniques. Examination of commonalities in Sc, MDD, and BP showed potential biomarkers on MRI.

This may lead to the discovery of new biomarkers for psychiatric clinical research.

5.  Cognitive impairment in patients with schizophrenia

Schizophrenia patients elicit a wide range of psychopathology, including psychotic symptoms, mood
symptoms, and cognitive impairment. In a previous open trial, we demonstrated that transcranial
direct current stimulation tDCS) 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.
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6. Research on the optimization of sleep and circadian physiology

Abnormalities in sleep and biological rhythms are highly prevalent in mental disorders, particularly
mood disorders. Evidence has provided support for the notion that the relationship between mood
disorders and sleep and circadian alterations is bidirectional, thus suggesting that the optimization
of sleep and circadian physiology could ameliorate the pathophysiology of mood disorders. This
study aimed 1) to assess the clinical efficacy of wake therapy, formerly called therapeutic sleep
deprivation, and 2) to develop clinically relevant circadian markers in mood disorders. A treatment
protocol was developed, approved by the ethics committee, and a system for implementation was
established in our inpatient setting. In addition, using existing data, we found that depressive
cognition (e.g., tendency toward self-blame, hopelessness) was associated with a trait-like
characteristic of time perception independently of depression severity, treatment response, and
general cognition in depressed bipolar patients. The development of sleep and biological rhythm
indices is expected to facilitate understanding of the pathophysiology and development of treatment

in mood disorders.

7. Translational research on gamma oscillation and non—REM sleep spindle

Psychiatric and neurological disorders are thought to be caused by various environmental and
genetic risk factors, and have a variety of symptoms. However, it is known that different psychiatric
and neurological disorders share common symptoms and dysfunctions. For example, cognitive
dysfunction is observed in schizophrenia, Alzheimer’s disease, and intellectual disability. This
suggests the possibility of common dysfunction, i.e., abnormal neuronal circuitry, among different
psychiatric and neurological disorders that are classified as different syndromes. In this project, we
will clarify whether abnormalities of gamma oscillation and non—-REM sleep spindle, which are
commonly observed in these disorders, are observed in already established animal models as
reported in clinical studies. Furthermore, we will search for therapeutic targets by clarifying the

pathophysiology of these abnormal neuronal circuits in model mice.

8. Development of objective and scientific diagnostic methods in Psychiatry

Diagnosis of psychiatric disorders is based on the physician’s evaluation of symptoms based on an
interview. The biological validity of this method is not guaranteed at all, and the development of
objective and scientific diagnostic methods is desired. In this subproject, we will examine biological
measures related to psychotic symptoms rather than conventional diagnostic categories. Patient
stratification will be performed and new diagnostic criteria will be developed. By clarifying the
pathological mechanisms of the stratified patients, we aim to contribute to the development of new
treatments. Patients with psychotic symptoms will be stratified by biological measures such as
cognitive function and eye movements.

Data of 60 patients with schizophrenia were collected using PANSS to assess psychotic symptoms,
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cognitive functions such as Wechsler intelligence test, eye movements such as free viewing task,
smooth pursuit task, and gazing task, three—dimensional brain structure images, diffusion tensor
images, and resting—state functional MRI images. In addition, a database of existing schizophrenia
patient data is being constructed for this analysis. Regarding subcortical volume in schizophrenia, a
meta—analysis of 4568 cases by ENIGMA, an international neuroimaging consortium, in 2016
reported a decrease in hippocampal volume and other areas and an increase in globus pallidus
volume and other areas. In the same year, a meta—analysis of 2564 cases by COCORO, a Japanese
multicenter consortium for biological psychiatry, confirmed the reproducibility of the findings. Thus,
subcortical regions also play an important role in schizophrenia. We examined the association
between psychotic symptoms and subcortical volume. Preliminary analysis revealed a positive
correlation between globus pallidus volume and psychotic symptoms. The finding of an association
between the globus pallidus volume, which is found to be increased in schizophrenia, and psychotic

symptoms may be useful in the stratification of schizophrenia.

9. Research of biomarkers using cerebrospinal fluid samples

In this sub—project, 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 24 CSF samples in this fiscal year (total 1392). We also obtained
blood samples from 109 schizophrenia, 102 depression, 52 bipolar disorder, and 99 healthy controls.
Using those samples, we found that the increase in the levels of vascular endothelial growth factor
in the CSF of depressive patients and was negatively associated with brain—blood—barrier integrity
(Matsuno et al., under review). In collaboration with the National Institute of Health Sciences, we
revealed the lipid profile correlation between CSF and plasma samples using hydrophobic
metabolome analysis and CSF samples of healthy controls (Saito et al., 2021). In a joint study with
the Kure Medical Center, we found that the levels of lysophosphatidic acid docosahexaenoic acid
were reduced in the CSF samples of depression and schizophrenia (Omori et al., 2021). Also, we
found that the CSF levels of soluble APP—a and APP-f were increased in mild cognitive
impairment (MCI) due to Alzheimer’s disease compared to other type of MCI (Araki et al., 2021).
Thus, we found several promising candidate biomarkers for psychiatric disorders. Further analyses

and verification are required for the development of practical biomarkers.
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