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Multifaceted Translational Approach to Major
Mental Illness

AKira Sawa

Abstract This is a short summary of my presentation in the Uehara Memorial
Foundation Symposium 2014. Classification of mental illness in current diagnostic
systems [such as the Diagnostic and Statistical Manual of Mental Disorders (DSM)]
is built on clinical reliability and utility, but not on etiological validity. Thus, the
DSM has not provided an ideal classification of mental disorders. To overcome the
dilemma, the National Institute of Mental Health (NIMH) recently proposed the
Research Domain Criteria (RDoC) framework. This new framework emphasizes a
dimensional approach on the basis of neurocircuitry mechanism. There were three
aims in my presentation. First, I summarized the concept of research strategies on
the basis of dimensional approach, with a link to the trajectory from early develop-
ment to adolescence in the disease pathology. Second, I introduced an example of a
research infrastructure that could support translational and clinical study for mental
illness. Third, I showed two studies that were utilizing the infrastructure.

Keywords Mental disorders * Diagnostic and statistical manual of mental disor-
ders (DSM) e Research domain criteria (RDoC) ¢ Dimensional approach e
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Introduction

The Uehara Memorial Foundation Symposium 2014 was held on June 15, 16, and
17 in Tokyo, under the theme of Innovative Medicine—Basic Research and
Development. The role of my presentation was to provide information on the front-
line of clinical and translational research in psychiatry to the audience.

Although psychiatry is obviously a domain of modern medicine, studying brain
disorders, the classic problem of the brain—mind discontinuity has slowed down
scientific progress in psychiatry. Consequently, many different disciplines have
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competed with each other in psychiatry in the past century. Such factionalism was
also a major obstacle to the development of psychiatry as a key domain of modern
medicine. Finally, as a major collaborative effort among psychiatrists, a comprehen-
sive diagnostic manual that standardizes the classification of psychiatric disorders
was issued as the Diagnostic and Statistical Manual of Mental Disorders (DSM)
third edition in 1980. The DSM has been useful in standardizing clinical practice in
psychiatry with high reliability. However, the DSM has been formulated under
ignorance of (or minimal attention to) the etiological and biological validity in its
disease classification. Thus, this nature of the DSM has been a major deficit in
building research on the basis of disease classification defined by this manual.

To overcome this dilemma, the National Institute of Mental Health (NIMH)
included in its new strategic plan the following aim: “develop, for research pur-
poses, new ways of classifying mental disorders based on dimensions of observable
behavior and neurobiological measures” [1]. According to the Cuthbert article, “the
implementation of this aim was named the Research Domain Criteria project or
RDoC.” The RDoC is formulated in a matrix: it has multiple dimensions that cut
across traditional diagnostic categories, such as attention and perception. Meanwhile,
biological correlates for each dimension are considered at multiple levels, such as
the molecular, cellular, circuitry, and behavioral levels.

There is another important viewpoint to develop research for mental illness. This
is the viewpoint of the developmental trajectory. Many mental disorders, such as
schizophrenia and psychotic disorders, mood disorders, and substance use disor-
ders, appear in young adulthood, and epidemiological and clinical studies have indi-
cated that major risks for such disorders occur in developmental stages. Thus, it is
very important to study the mechanisms of how disease-associated risk factors at
earlier ages are accumulated and result in the onset of the disease in the develop-
mental trajectory. The NIMH has also stated that dimensional approaches such as
the RDoC may be used in conjunction with attention to neurodevelopment and
disease-associated environmental factors.

Thus, the aim of my presentation in the symposium was to introduce these two
elements essential to research for mental disorders (e.g., a dimensional approach
and attention to the neurodevelopmental trajectory in disease pathology), and then
to present a representative infrastructure of translational and clinical research on the
based on these two elements.

Major Mental Illness Caused by a Combination of Multiple
Genetic Risk Factors and Environmental Stressors
in the Pathological Trajectory

The majority of mental disorders are caused by a combination of multiple genetic
risk factors and environmental stressors (Fig. 1). The combination is not random but
is likely to result in certain numbers of common biological pathways. It is possible
that these pathways underlie clinical manifestations, which are organized in a
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Fig. 1 From etiologies to clinical manifestations: the majority of mental disorders are caused by
a combination of multiple genetic risk factors and environmental stressors

dimensional way. If we take schizophrenia (SZ) and related psychotic conditions,
the risk factors and stressors are likely to contribute to the pathology in early devel-
opment and adolescence (Fig. 2). Nonetheless, the onset of the disease is in late
adolescence and young adulthood. Thus, it is crucial to study the disease mecha-
nisms in the developmental trajectory. In many medical diseases, the significance of
early detection and early intervention has been highlighted. Accordingly, in the case
of SZ, studying the transition from risk stages to the onset (the prodromal stage) is
regarded as one of the most important research topics at present. Given that current
medications for psychosis target only symptomatic aspects and are limited in their
efficacy, many investigators optimistically expect that the study of the prodromal
stage may identify novel therapeutic targets that are associated with the disease
progression and overcome the current limitations (Fig. 2). In regard to the mecha-
nisms associated with the disease progression in the prodromal stage, it is possible
that aberrant activation of stress-related cascades underlie disturbed postnatal brain
maturation, which results in brain dysfunction and manifestation of mental symp-
toms (Fig. 3) [2, 3].

Research Infrastructure That Allows a Multifaceted
Translational Approach to Major Mental Illness

After the introduction of the dimensional approach in the developmental trajectory,
particularly in the context of SZ and psychotic conditions, I presented an example
of a research infrastructure that supports translational and clinical study for mental
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Fig. 2 Developmental trajectory of schizophrenia and related psychotic conditions. Although the
onset of SZ is in young adulthood, epidemiological studies have suggested that many environmen-
tal risk insults for SZ occur during early development and adolescence (asterisks). Biological
studies have also provided evidence that roles for genetic risk factors are associated with neurode-
velopment (Adopted and modified from Jaaro-Peled et al. [2])
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Fig. 3 Gene environmental interactions that underlie disturbed postnatal brain maturation, brain
dysfunction, and mental disorders. Genetic and environmental factors for SZ are likely to converge
and affect proper cortical maturation in adolescence, which may underlie the pathology of SZ
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Fig. 4 An example of research infrastructure that supports translational and clinical study for
mental disorders. In this infrastructure, whenever study subjects (patients and matched controls)
are enrolled, they are assessed clinically and neuropsychologically. They also participate in brain
imaging studies as well as tissue biopsies. Taken together, according to the ethical guideline, inves-
tigators can build multifaceted translational study on this research platform

disorders (Fig. 4). In this infrastructure, whenever study subjects (patients and
matched controls) are enrolled, they are assessed clinically and neuropsychologi-
cally. They also participate in brain imaging studies, including positron emission
tomography (PET) and magnetic resonance imaging (MRI), which are essential to
address brain circuitry disturbance directly in vivo. In parallel, the study partici-
pants donate their tissues in multiple ways, including blood draw, skin biopsy, and
nasal biopsy. We can obtain an olfactory epithelium (OE) sample easily by nasal
biopsy. OE includes neuroprogenitor cells, immature neurons, and mature neurons:
thus, by studying OE-derived cells and tissues, we can examine molecular and cel-
lular signatures relevant to neuronal cells (Fig. 5) [4]. The information from the
cells and tissues can be correlated with the brain imaging characteristics and clinical
manifestations from the same subjects. As described above, RDoC-oriented studies
are expected to study biological correlates and clinical manifestations at multiple
levels, such as the molecular, cellular, circuitry, and behavioral levels. Thus, this
infrastructure can meet such expectations. The disease trajectory may be addressed
by designing a longitudinal study in this infrastructure.

Two Representative Studies that Use the Research
Infrastructure

We previously reported that a specific phosphorylation of DISC1 (serine residue at
the 710th amino acid of mouse DISC1) has a crucial role in the switch of cell fate
from neuroprogenitor proliferation to postmitotic differentiation [5]. DISC1 has
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Fig. 5 Olfactory biopsy as a effective approach to obtain biospecimens with neuronal molecular
signature. An olfactory epithelium (OE) sample, which is easily obtained by nasal biopsy, includes
neuroprogenitor cells, immature neurons, and mature neurons; thus, by studying OE-derived cells
and tissues, we can examine molecular and cellular signatures relevant to neuronal cells (Adopted
from Sawa and Cascella [4])
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Fig. 6 A specific phosphorylation of DISC1 controls cell fate from neuroprogenitor proliferation
to postmitotic neuronal differentiation: an entry point for translational study of mental illness.
DISCI1 has been involved as a biological hub protein for multiple pathways associated with mental
illnesses. Phosphorylation of DISC1 at one specific amino acid residue is known to be crucial for
neurodevelopment in mice. However, it remains elusive how this phosphorylation (serine residue
at 713th amino acid of human DISC1) underlies cellular, circuitry, and behavioral manifestations
associated with mental disorders. The infrastructure introduced in Fig. 4, including the utilization
of olfactory cells (see Fig. 5) for study of the phosphorylation, allows us to address this question

been involved as a biological hub protein for multiple pathways associated with
mental illnesses [6]. It remains elusive how this phosphorylation (serine residue at
the 713th amino acid of human DISC1) underlies cellular, circuitry, and behavioral
manifestations associated with mental disorders (Fig. 6). Thus, I presented our
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preliminary data that studied the phosphorylation in olfactory cells from patients
and controls, in correlation with their brain imaging characteristics and clinical traits.

In addition, I also presented studies in which the molecular signature of the cere-
brospinal fluid was examined from patients in the prodromal stage and with the first
episode of psychosis, in comparison with matched controls. In the first set of publi-
cations from the study, we observed robust changes in the molecules associated with
immune and inflammatory responses, as well as oxidative stress [7, 8]. I also intro-
duced a perspective of how we can study such molecular information in correlation
with brain imaging characteristics and clinical manifestations.

Acknowledgments I thank the Uehara Memorial Foundation and the meeting organizers. I also
thank Ms. Yukiko Lema for organizing the manuscript. I am supported by the NIH, NARSAD,
Stanley Foundation, RUSK Foundation, and Maryland Stem Cell Research Foundation.

Open Access This chapter is distributed under the terms of the Creative Commons Attribution
Noncommercial License, which permits any noncommercial use, distribution, and reproduction in
any medium, provided the original author(s) and source are credited.

References

1. Cuthbert BN (2014) The RDoC framework: facilitating transition from ICD/DSM to dimen-
sional approaches that integrate neuroscience and psychopathology. World Psychiatr 13(1):28—
35. doi:10.1002/wps.20087

2. Jaaro-Peled H, Hayashi-Takagi A, Seshadri S, Kamiya A, Brandon NJ, Sawa A (2009)
Neurodevelopmental mechanisms of schizophrenia: understanding disturbed postnatal brain
maturation through neuregulin-1-ErbB4 and DISC1. Trends Neurosci 32(9):485-495.
doi:10.1016/j.tins.2009.05.007

3. Sawa A, Seidman LJ (2014) Is prophylactic psychiatry around the corner? Combating adoles-
cent oxidative stress for adult psychosis and schizophrenia. Neuron 83(5):991-993.
doi:10.1016/j.neuron.2014.08.028

4. Sawa A, Cascella NG (2009) Peripheral olfactory system for clinical and basic psychiatry: a
promising entry point to the mystery of brain mechanism and biomarker identification in schizo-
phrenia. Am J Psychiatry 166(2):137-139. doi:10.1176/appi.ajp.2008.08111702

5. Ishizuka K, Kamiya A, Oh EC, Kanki H, Seshadri S, Robinson JF, Murdoch H, Dunlop AJ,
Kubo K, Furukori K, Huang B, Zeledon M, Hayashi-Takagi A, Okano H, Nakajima K, Houslay
MD, Katsanis N, Sawa A (2011) DISC1-dependent switch from progenitor proliferation to
migration in the developing cortex. Nature 473(7345):92-96. doi: 10.1038/nature09859

6. Brandon NJ, Sawa A (2011) Linking neurodevelopmental and synaptic theories of mental ill-
ness through DISC1. Nat Rev Neurosci 12(12):707-722. doi:10.1038/nrn3120

7. Coughlin JM, Ishizuka K, Kano SI, Edwards JA, Seifuddin FT, Shimano MA, Daley EL, Zandi
PP, Leweke FM, Cascella NG, Pomper MG, Yolken RH, Sawa A (2012) Marked reduction of
soluble superoxide dismutase-1 (SOD1) in cerebrospinal fluid of patients with recent-onset
schizophrenia. Mol Psychiatry 18:10-11. doi:10.1038/mp.2012.6

8. Hayes LN, Severance EG, Leek JT, Gressitt KL, Rohleder C, Coughlin JM, Leweke FM, Yolken
RH, Sawa A (2014) Inflammatory molecular signature associated with infectious agents in psy-
chosis. Schizophr Bull 40(5):963-972. doi:10.1093/schbul/sbu052


http://dx.doi.org/10.1002/wps.20087
http://dx.doi.org/10.1016/j.tins.2009.05.007
http://dx.doi.org/10.1016/j.neuron.2014.08.028
http://dx.doi.org/10.1176/appi.ajp.2008.08111702
http://dx.doi.org/10.1038/nature09859
http://dx.doi.org/10.1038/nrn3120
http://dx.doi.org/10.1038/mp.2012.6
http://dx.doi.org/10.1093/schbul/sbu052

	Multifaceted Translational Approach to Major Mental Illness
	Introduction
	 Major Mental Illness Caused by a Combination of Multiple Genetic Risk Factors and Environmental Stressors in the Pathological Trajectory
	 Research Infrastructure That Allows a Multifaceted Translational Approach to Major Mental Illness
	 Two Representative Studies that Use the Research Infrastructure
	References


