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Brain networks and psychiatry go back a long way

Theodor Meynert
(1833-1892)

Anatomy of white matter

Carl Wernicke
(1848-1905)

Aphasia and psychosis as
disorders of large scale brain
connectivity

Sigmund Freud
(1856-1939)
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Economics of brain networks
A trade-off between “biological cost” and “topological value”

wiring cost of DTI networks metabolic cost of fMRI networks
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Mouse connectome topology and gene expression:
connected hubs co-express genes for oxidative metabolism

A Directed connectivity matrix (213 x 213 regions) B Network schematic C Gene expression (213 regions x 17,642 genes)
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Genomics meets connectomics (in the mouse brain)
Reducing the dimensionality of a high dimensional problem
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Genomics meets connectomics (in the human brain)

intra-modular degree
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Cartoon of the economical connectome
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Cognitive value of topological integration in human brain
Meta-analysis > 1500 fMRI primary studies
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Biologically expensive hubs may be “worth it” because they enable
network integration, which is cognitively valuable

A. Nodal Resilience B. Edge Resilience
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Hubs are important for integrative network configuration — targeted attack on hubs
(or long distance edges) degrades global efficiency much faster than random attack
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Morphometric similarity mapping

A new approach for single subject structural network analysis
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Morphometric similarity networks are more consistent with
cytoarchitectonics than structural covariance networks (SCN) or
diffusion weighted imaging (DWI)
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Hubs of morphometric similarity networks predict about
40% of between-subject variance in IQ
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Case-control comparisons can be tricky in fMRI network studies
of clinical disorders
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The hubs of brain networks are most vulnerable to amyloid
deposition in Alzheimer’s disease
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Coma due to acute brain injury is associated with
radical disruption of hubs
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High cost / highly central hubs are brain disease “blackspots”
Meta-analysis of MRI data on 20,000 patients, 26 disorders
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Alzheimer’s disease and schizophrenia both preferentially
impact hubs, but not the same hubs
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Linking abnormal cortical maturation in schizophrenia to the
modular community structure of the anatomical connectome

Estimate cortical thickness from 525
high-resolution MRI scans at ~80,000 vertices
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Abnormal trajectories of cortical shrinkage in adolescent schizophrenia
are concentrated within a single module of the normal connectome

A Developmental modules in typical development

Different modules
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MRI is great for measuring the difference between fat
and water

(in the brain that’'s the difference between myelin and everything else)
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Adolescent shrinkage of association cortex is highly correlated
with intracortical myelination
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Map of increasing myelination
during adolescence, 14-25 years
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Adolescent shrinkage of association cortex is highly correlated

with intracortical myelination
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Connectome hubs have fastest rates of cortical myelination
(and shrinkage) during adolescence
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Adolescent myelination of connectome hubs is associated with
expression of risk genes for schizophrenia
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Review

e Psychiatry wanted to understand the connectome long before it was possible
— Our history is rooted in ideas of brain network disorganization and development

e Connectomes represent a trade-off between biological cost and topological

integration
— Hubs and clubs are biologically expensive but “worth it” for cognitive value added

e High cost / high value network hubs are blackspots for brain disorders
— Brain network hubs are likely more vulnerable to disease and more symptomatic if lesioned

e Schizophrenia is a disorder of adolescent consolidation of connectome hubs

— Linking connectomics to genetics can lead to a more mechanistic understanding of abnormal brain
network development in mental health disorders
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