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Overview IPCEITEC

o Historical perspective

o Motivation

o Levels and types of connectivity

o Methods

o Graph theory and network elements
o Selected brain networks in humans
o Altered connectivity
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Historical perspective EICEITEC

o Phrenology (up until 1808)

o Lesion studies, electrical stimulation experiments
* Fritsch, Hitzig (1870), and Ferrier (1873-75)

= Broca, Wernicke

O Localization of Function in the Cortex Cerebri
(1881)

o Golgi & Ramon y Cajal (1888-)
o Early applications of network science to the brain
(90’s-00’s)
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Motivation

IICEITEC

O Segregation & functional localisation approach is

reductionistic
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Levels and types of connectivity £ CEITEC

O Three basic levels:
o MICROSCALE

o MESOSCALE

o MACROSCALE

o Specific techniques for each of them

Sporns, 2011 5/ 28



MICROSCALE EPCEITEC

o Single neurons and synapses

o Electron or light microscopy

o Optogenetics

o https://www.youtube.com/watch?v=164X7vHSHOE
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https://www.youtube.com/watch?v=I64X7vHSHOE

MESOSCALE IPCEITEC

o Neuronal populations and their interconnecting
circuitry

o Tracing of axonal projections, histological
sectioning

B
Figure 1. (A) The data and the puncture point from frontal lobe in computed tomography image. (B) The puncture point and angle in diffusion tensor image.

Zhong et al., 2018 7/28



MACROSCALE EPCEITEC

o Anatomically distinct brain regions and pathways
o Non-invasive, whole brain imaging techniques

Van Overwalle, 2009 8/28



Types of Connectivity

o Structural
O Functional
o Effective

IICEITEC
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o Histology
o DTI
o Functional imaging + subsequent analysis:

Correlations/coherence
ICA, gIlCA
Phase-locking value
PPIl, DCM

EICEITEC
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Graph theory IPCEITEC

O Need to describe the network

o Graphs=models of real systems, their elements
and their links A)

O Elements 2> NODES
O Links 2> EDGES

Nodes (Vertices)

Mears and Pollard, 2016



Graph theory IPCEITEC

B)
U % HJ %

o Edges:

Unweighted, Undirected Unweighted, Directed
iii) % fv)%
Weighted, Undirected Weighted, Directed

Mears and Pollard, 2016 12/28



Graph theory IPCEITEC

o Local metrics

* Degree

 Clustering coefficient
» Path length

o Global metrics

* Rich club
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Graph theory

EICEITEC
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Graph theory IPCEITEC

O Rich club: | e

van den Heuvel and Sporns, 2011 15/28



Graph theory IPCEITEC

o Small world networks:

o High clustering coefficients, similar to regular
graphs, and short average path lengths, similar to
random graphs

Regular Small-worlkd

Increasing randomness

Watts and Strogatz, 1998 16/28



Graph theory IPCEITEC

o Milgram’s experiment (no, not THAT one)

o Many real world phenomena (social, biological,
technological)

O ...and in brain as well

a Regular Small-world (ADHD)

Liao et al., 2017 17/28



Selected brain networks IPCEITEC

O Default mode network
o Salience network
O Reward network

Nazev prezentace - doplnit 18/28



Default mode network IPCEITEC

o Freethinking, remembering the past, envisioning
future events...

o Consistent set of regions in different
methodologies

O Brain areas:

* Ventral medial prefrontal cortex
Posterior cingulate cortex
Inferior parietal lobule

Lateral temporal cortex

Dorsal medial prefrontal cortex
Hippocampal formation

Buckner et al., 2008



Default mode network IPCEITEC

O Infants do not show the structured interactions
between the default network regions

o Disrupted in autism, schizophrenia, and
Alzheimer’'s disease and at old age

SPONTANEOUS DEFAULT NETWORK ACTIVITY

30 60 %0 120 150 180 210 240 270 300
TIME (SEC)

Buckner et al., 2008 20/28



Default mode network IPCEITEC

O Function?

o Constructing dynamic mental simulations based
on personal past experiences

O Supporting exploratory monitoring of the external
environment when focused attention is relaxed

Buckner et al., 2008 21/28



Salience network IPCEITEC

o Anterior insulae ventrolateral prefrontal cortex,
dorsal anterior cingulate cortex

o Responds to behaviourally important events

o |dentifies the most relevant stimuli to guide
behaviour

o Switching between the CEN and the DMN

Yuan et al., 2012; Goulden et al., 2014; Chand and Dhamala, 2016 22/28



Salience networok EHICEITEC

o Connected to IQ
o Disrupted in fronto-temporal dementia

FIGURE 4 | Metaanalytic representation of the salience network
(www.neurosynth.org).
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Reward system EPCEITEC

o Driving incentive-based learning, appropriate
responses to stimuli, and the development of
goal-directed behaviours

Hippocampus

Nucleus
Accumbens

Ventral Palli dum
GLU

Amygdala
GABA

DA Ventral Tegmental Area

https://brainstates.org/tag/reward-circuitry/, 24/28
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Reward system EPCEITEC

o Dopamine neurons
o Linked to addiction
O Schizophrenia

o Mood disorders

Smith et al., 2009; Haber and Knutson, 2010; Krill and Platek, 2012,
Cooper et al., 2017; Keren et al., 2018; Vanes et al., 2018 25/28



Altered connectivity in LSD EPCEITEC

Liechti, 2017; Muller et al., 2018 26/28



Thank you for listening!
Questions? EHICEITEC
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