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The Aim of the Next Generation of Basic Psychiatric Research :
Multiscale Elucidation of Causal Relationships in Synaptic Pathology

Akiko HAYASHI"-TAKAGI

Lab for Multi-scale Biological Psychiatry RIKEN Center for Brain Science

It is well known that the elucidation of the pathomechanism of psychiatric disorders has
been difficult, largely because of the polarization between nanoscale genome analysis using
patient peripheral samples and macroscale brain imaging studies such as fMRI, which is the
complete opposite of nanoscale genome analysis. In addition, it is usually impossible to direct-
ly examine brain tissue by biopsy or other means due to ethical constraints. Therefore, methods
to elucidate pathophysiology at the micrometer scale, i. e., at the synaptic and cellular level,
which can be at the core of pathophysiology and therapeutic targets, have been extremely lim-
ited. On the other hand, studies using animal models of psychiatric disorders and postmortem
brains have suggested candidate factors that may be responsible for psychopathology, such as
synaptic pathology in schizophrenia. However, these findings are still largely descriptive at the
observational level, and it is unclear how these nano— and micro-level hierarchies interact at
the higher macro-level hierarchies to ultimately cause cognitive and behavioral changes. In
physics, a “multiscale phenomenon” is defined as a phenomenon in which multiple interac-
tions at very different scales play an inherently important role, and higher brain functions are
inherently multiscale phenomena. We believe that a true understanding of higher brain function
cannot be achieved without showing it to be a complex correlated system in which each level
from the nanoscale to the macroscale is both cause and effect. We will present the utility of our
synaptic research as an example of multiscale research aimed at elucidating causal relation-

ships across hierarchical levels of brain function and psychiatric disorders.
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