QRC L ué ;/{% ‘Eﬂ: oL

TMU TRAMSLATIONAL IMAGING RESEARCH CENTER

Small World of Human Brain
ABEDPRY/NESR - FE D

[E 2§ Chia-Feng Lu, PhD

A1tBEEAE EZEEMATL PHENRERANITR
AiltBEXE BELANSRER FREMEHE
BITIBPRARE EYBEELGENHNRER FREMBHE
BIIGARAE ¥R aRBEHRINELR REMEHE

2016/11/14 Chia-Feng Lu http://www.ym.edu.tw/~cflu 1

2016/11/14 Chia-Feng Lu

How trees talk to each other ?

SUZANNESIMARD

http://www.ted.com/talks/suzanne_simard_how_trees_talk_to_each_other
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by Shannon Wright
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Forest behaves as a single organism

&%) NBA
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Fungal Biology Reviews. 2012;26(1):39-60.

2016/11/14 Chia-Feng Lu http://www.ym.edu.tw/~cflu 5

J. Neurosci, 2011;31:15775-86.
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Small World?

Random
[Person

) !

OTO:O:O:O:O;O

degrees of separation

By Stanley Milgram
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Brain is a Small World

Regular Small-world

Cost

Low

Complex topology Random topology

High

Efficiency

Nature Reviews Neuroscience, 13: 336-349, 2012.
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Nature 393:440-442, 1998.

degree (the number of neighbors)

e.g. degree of node 9 = 4

Network strength (the connected fiber

number*FA)
e.g. strength of node 9
= (50+100+300+500)/4 = 237.5

clustering coefficient

(the connection between neighbors, [0~1])
e.g. clustering coefficient of node 9
=56=083

path length (separation)

(the minimal steps for connection)

e.g. path length from node 9 to node 6
=Zsteps (9282 6)

Philos Trans R Soc Lond B Biol Sci, 360, 937-946, 2005
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Construct Brain Network

Axon/Dendrite = Edge
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Neuron Cell = Node
(Cortical Regions)
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Define Cortical Regions (Nodes)
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Front. Sys. NeuroSci. 2010;17;4:19.
Transneuronal Tracer Injectlon i

Crus|

Nature Reviews Neuroscience 7, 511-522 HVIIB
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Brain Connectivity Matrix
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Fundamentals of Brain Network Analysis
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Example #1

Brain Networks in Development

(8.48~25.48 years)

(Anatomical)

Frontal
O Parietal
() Temporal
(O Cerebellum

(Functional)
Network

@ Cingulo-opercular
Fronto-parietal

@ Default

® Cerebellar

Plos Comput Biology, 2009;5(5):e1000381.
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Example #1

Brain Networks in Development

(8.48~25.48 years)

(Anatomical)
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() Parietal
() Temporal
O Cerebellum
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@ Cingulo-opercular
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® Default

@ Cerebellar

Plos Comput Biology, 2009;5(5):e1000381.
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Example #2

Brain Networks in AD

B AD vs (NC or MC1)
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Importance Score

N vs (MCl or AD)

AUC0.73
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Example #2

Brain Networks in AD

AD vs [NC or MCI)
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False positive rate

High

1.0

18

Example #3

Brain Networks in Depression

B MDD > NC
I MDD < NC

Left CAU Left HIP Left HIP

Left PCUN

Biological psychiatry. 2011;70(4):334-42.
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Example #4

Brain Networks in Cerebellar Atrophy

(focal or global?)

(d) (e)
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Example #4 Example #5

Brain Networks in Cerebellar Atrophy

(focal or global?)

'f:g) NBA Brain Networks in Brain Trauma

(Thalamocortical circuits)
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Significant correlations with SARA scores
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Example #5

Brain Networks in Brain Trauma

(Thalamocortical circuits)

'f:g) NBA Summary

Pre-Injury Single impact Repetitive impacts - Brain is a complex but organized network.
« Balance between segregation < integration.
o— —lh A 15
o R iﬂ,,..,.,.j_m Eilw.“ﬁqu Tl « Development, Aging, Mental State and Disease can alter
S 7oy S ouk / P
s Lot g m 3 3l s brain organization.
- ey e = i’ « Disruption or reorganization can reflect disease
E 05 progression and severity.
& B
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THE END

alvin401l6@tmu.edu.tw
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