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Multiscale understanding of synaptic pathology of psychiatric disorders

Hayashi-Takagi, Akiko
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In light of human genetics, there is little doubt regarding the involvement
of synaptopathy in psychiatric disorders. However, trans-scale causality;from the synapse to
behaviour is lacking. To address this question, we examined the multiscale effects of synaptic
inputs of SETD1A and DISC1, which are validated animal models of schizophrenia. Both models
exhibited an overrepresentation of extra-large (XL) synapses, which evoked supralinear synaptic
integration, resulting in increased neuronal firing. The probability of XL spines correlated
negatively with working memory, and the optical prevention of XL spine generation restored working
memory impairment. Furthermore, XL synapses were significantly more abundant in the postmortem
brains of schizthrenia patients than in those of matched controls. Our results suggest that certain

domains of psychiatric symptoms are caused by hyper-connection via heavily-weighted synapses.
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2 Optical prevention of XL spine
generation restored wor king memory deficits. (A)
T-maze showing spontaneous alternations in SETD1A
hKO mice. Circlesindicate individual mice. (B and
C) The probability of spontaneous aternationsin the
T-maze was correlated with the prevalence (B) and
cluster density (C) of XL spinesin SETD1A hKO
mice. (D and F) Representative images of AS-
PaRac1-containing spines (D, arrowheads), and
comparisons of spine diameter (E) and number (F) of
A S-PaRacl-containing spines between SETD1A hKO
and control mice. (G) Experimental design. Mice
3 were injected with AAV vectorsin the bilateral PFC
cortex at P20. After undergoing a sleeve implantation
operation, mice were subjected to behavioural
analysis and photoactivation (PA). (H and I)

Science Advances Comparisons of spine diameter, probability of XL

In press spines, and spine density between SETD1A hKO (H)

Neuro2022 and littermate control mice (1) that received protocols
Society for Neuroscience #1 or #2. (J and K) Performance trgjectory in the T-
SuperNova Lecture maze and Y-maze of SETD1A hKO (J) and littermate

Science Advances control mice (K) that received protocols #1, #2 or #3.
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3 Digtorted neur ocomputation by heavily-weighted
synapsesin psychiatric disorders
A, Activation of XL spines boosted neuronal firing viaintra-
spine supralinear voltage amplification, which is a novel
mechanism to control firing.
B, Overrepresentation of XL spines was correlated with the
increase in firing, the generation of ectopic oscillation and
working memory impairment.
C, Significant overrepresentation of large spines in the auditory
cortex of SZ patients.
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