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Brain Function & Structure

» Cognitive functions
- What is she thinking about?
- What is she looking for?

¢ Structures undetlie these functions
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Structural Imaging

Magnetic Resonance Imaging

Generic CT Scanner
2000 gD vz . Computer Tomography (X-ray)
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Human Neural Tiacts

cr: corona radiata

cg: cingulum

uf: uncinate fasciculus

cst: cortico-spinal tract

cp: cerebro-pontine fiber

sif: superior-longitudinal fasciculus
ifo: inferior fronto-occipital fasciculus

Functional
Imaging

Physiology during Neural Activation

= Neuronal firing: electrical activity
0 Excitatory and inhibitory
2 Neurotransmitter:
0 Action potential & graded potential

lon flow: Na*, K*, Ca%*, CI-

= Biochemical reaction: metabolic activity
o Active transport of ion pumps

= Vascular response: hemodynamic activity

Oxidative/non-oxidative glycolysis

0 Energy demand

Blood flow, blood volume, blood oxygenation
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‘ Functional Images
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MR Images

MRS
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Examples

lesiorrin_drug-abuse

WM hyperintensity
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Brain Structure

Normal Patient
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Brain Atrophy = Loss of Cerebral Tissues
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MR Imaging & Post-processing

= Anatomical MRI (sensitive to brain structural change)
2 Brain regional contrast (T'1, T2 ...)
2 Regional volume (GM, hippocampus, ...)
0 Other indices (gyrification, shape... )
= Diffusion MRI (sensitive to WM integrity & structural connectivity)
2 White matter integrity
2 White matter tractography (tract, network...)
= Functional MRI (fMRI) (sensitive to evoke functional activity)
0 Brain function
2 Resting state fMRI

a To a specific physiological question
0 Huge post-processing procedure is needed!!

Intellectual ability and cortical development in children and adolescents
- Shaw et al., Nature 2006
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Grey Matter

White Matter Volume (iitres)

Young Adult 94 Year Old Nen-Demented

Brain atrophy in elderly

Good Neurolmage 2001
b
1.0
I3
091 E
5
5
2
o8 3
£
]
2
07 &
04
20 30 40 50 60 70 80 20 30 40 50 60 70 80
Age (Yrs) Age (Yrs)
d 034
0.6 032

05|

|
White Matter Volume/TIV
8

20 % 40 5 60 70 8 E) %0 w0 0 C) 70 £
Age (Vrs) Age (Yrs)

77 Year Old Demented

Ching-Po Lin

Effect of Bcl-2 SNP on GM and cognitive function

- Liu et al., Age 2013*
N N s sl Al Al
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\ "X )\ VAN VAN VRNVl ¢ Bcl-2 gene is a major regulator of neural
: A ‘ ; plasticity and cellular resilience.
* 97 non-demented elderly men with a
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T AT AN T AT AN AN - G homozygotes have worse language
L i ) o " performance in Cognitive Abilities
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* G homozygotes (compared with A allele
carriers) exhibited smaller regional GM

0.009), which is positive correlation
between right MTG GM volume (r =
0.181; P = 0.081)
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Medial temporal
| lob atrophy

3 || - ranging from 0 (no
atrophy) to 4 (severe
: atrophy)

Neural Tracts
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Diffusion MRI

= In vivo mapping of microstructural tissue by probing ditection-
dependent diffusivity of water molecules

Microstructure Structural connection

2 Pathology 0 Neural tracts
2 Neural integrity 0 Anatomical network

Q

corpus callosum frontal and posterior white matter corticospinal tracts

Sl ampitide
7%

Le Bihan,
Nat Rev Neuroscience 2003
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- Basser et al. 1994
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Callaghan et al. 1988; Wedeen et al., 2000

- Wiegell et al., Radiology 2000

Corticosp:

Uniaxial model

M>> A~y

Unidirectional fibers
Iy hy~0

DTI @ Crossing Fibers

Planar model
\~ A >> Ay

Intersection and dispersion of fibers

he k>0

Lentiform
nucleus

Corpus /
callosum |

Putamen

dMRI @ Neural Mapplng * Q-space/Diffusion spectrum imaging (DSI)
* Mixture modeling (HARDI)
Frank et al., 2001, 2002; Tuch et al. 2002; Parker et al., 2003

* Q-ball imaging (QBI)
Tuch, 2003 & 2004
e Persistent angular structure MRI (PAS-MRI)

Jansons et al., 2003

e Circular spectrum imaging

Zhan et al. 2003
* Higher order tensor imaging
Ozarslan & Mareci 2003; Liu et al. 2004
* Spherical deconvolution

Tournier et al, 2004

« Diffusion Orientation Transform

Ozarslan et al, 2006

* Bayesian framework method

Melie-Garcia et al, 2008
* Diffusion Orientation Transform revisited

Canales-Rodriguez et al, 2009*

P(r)= 7(E) ODF =[Pr2dr

E(q)
E(g)= f fp(r)g(r}r',A)expl”‘é@‘""'”drdr'

Caudate nucleus \( A

Folded cercbral cortex NG, 4
(eray matter) N \
N
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-Chao et al., Medical Engineering & Physics 2008*

MFACT Algorithm @ Centrum Semiovale

(Gliing - Po Lin




Neural Tractography

superic;r occipitofrontal cingulum
fasciculusy(§of) = (cg) ™

uncinate asxlfculus,

(uf)

inferior occipito
-frontal fasciculus (ifo)

Language Pathways

ANTERIOR Geschwind’s
SEGMENT territory

Broca’s
territol

POSTERIOR|
SEGMENT

hasia
scotical Motor AP
Tran

Wernicke’s territory

- Catani M., et al. Ann Neurol 2005 A -
6 “contucto® Apna®
L. Broca’s / OO aphesa
Arcuate Fasciculus: Aphasia Wernicke'S =
b 44
High-frequency words, 45

4 2 )
Repeating of auditory words i W N,\:s:::“;‘ ) /A\\\ 7T — ‘
Burdach’s Model (1895): )

A1 7
Low-frequency words 4

Complicated process { 2 — "is,,://\
(listen => comprehension => speech) Pug

Transcortical Sensory Aphasia
- Glasser et al., Cerebral Cortex 2008

Pre-surgery Evaluation
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Life-span Changes of Human Brain White Matter

Westlye, cerebral cortex 2010
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WM Degeneration in Amnestic MCI and AD
- Wang et al., J. of Alzheimer’s Disease 2012

*Axonal degradation and
demyelination over the
temporal region were
associated with the contiguous
GM atrophy.

*Only the severity of
demyelination over the
frontal region was correlated
with the degree of atrophy over

adjacent frontal GM.

L
EA7
L5
M GM atrophy
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Functional MRI

MRI studies brain anatomy.

Functional MRI (fMRI)
studies brain function.

Linking Neural & Hemodynamic

Coupling of CBF and neural activity
(Roy and Sherrington, 1890)
Neural firing
2 glucose consumption
(cerebral metabolic rate of glucose, CMR,,)

onsumption
(cerebral metabolic rate of oxygen, CM
2 cerebral blood flow (CBF) T

- blood oxygenation ¢
erebral blood volume (CBV) 1
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lood Oxygenation LLevel Dependent
Magnetism of red blood cell (L. Pauling PNAS 1936; S. Ogawa PNAS 1990)
2 oxy-hemoglobin: diamagnetic (similar to tissue) = -
2 deoxy-hemoglobin: paramagnetic = — =

Q

neural activation

= oxy-Hgb (no AB effects) inflow

= magnetic inhomogeneity | (local AB |)

= MR signal increase 1

Activation

Rest

MRI{Z %34 Au
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(Task) Functional MRI

Video projector {*

Button
response
box

Amplifiers control
magnetic field in
three dimensions Stimulus control Spectrometer

Radio-frequency computer control computer

amplifier

Brain Function in Elderly

Verbal Working Memory

Spatial Working Memory

£

Younger

Older

Right Hemis
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Fig. 4.2 Young participal
activity during spatial WI

HAROLD pattern.'37 (Rey

Fig. 4.3 Young and young-old adults show left-lateralized PFC activity during intentional encoding
of words, whereas old-old adults show bilateral PFC activity (HAROLD) (Reproduced with permission
from Elsevier Publishers'38.)
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Control AD Patient
Group Group
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Brain Functional Connectivity in Elderly

Posterior cingulate cortex

Ventral anterior cingulate cortex

bilateral Angular gyrus

http://scienceatcal.berkeley.ed@m@

Y

Combined.
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Entropy=0.0013+Age’3.5444

Anterior DMN (fig. 1B), RSN subject variation mode

60 65 70 75 80 85 32
Age (years) 40 ) ) 80
- Yang et al., Neurobiology of Aging 2013 *
- Damoiseaux et al., Cere Cortex 2008 - Yao et al., Sci Rep 2013
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Overall...

MRI can reveal multi-dimensional features
2 Anatomy

2 Neuronal pathways

0 Functional activations

o Angiography, MRS...

For brain study, we are drawing a
conclusion from incomplete data,
multi-model studies are needed
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