IR RN
KAIST &7| & HAtSstt

Distributed or Localized?: Structure-Function Relation in

Mammalian cortex

Dae-Shik Kim, PhD
Department of Electrical Engineering, KAIST

FUNCTIONAL AREAS

'APPROXIMATE FUNCTIONS
N

KORBINIAN BRODMANN

Cerebral Hemodynamics: The Basis of Functional
Neuroimaging

Cerebral
Hemodynamics

CBF, CBV,
CMRO,

Neural
Activity

??

Functional
Neuroimaging
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Conventional (i.e. low resolution)
functional MRI

inflated
right hemisphere

From neuronal activity to
hemodynamics: Angelo Mosso
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Room clock strikes 12 noon and bells of church are heard.
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Bertino axked if Ave Maria should have been said.
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From hemodynamics to fMRI

PHYSIOLOGY BEHAVIOR cr

Corteal Locatzation n Man
Task Ansysis by Subtracto
entalChronametry

Human Bahavicr » 4 Brsin BF

Humen Bahavio = & Brain BF (Rediscovered)
2

usntiate Methods in ian

ing sulcus
Blod Fow Autcadicgraphy i Anils
Rogona BloodFowinan
Ragionst O, Consumpton n Man —_

v 4
NemalUncplogo 8w, ogposid X
Decyshenes Adwadogpty o |
i oo
| Y

fMRI may label mostly
, dendritic activity

&4 74% of energy budget
) £
|

10% of energy budget

1
l.

\
8

fMRI: dendritic >> axonal
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Dendritic subthreshold activity, however, represent
the and in the cortical
module, rather tha of the cortical
computation

Isotropic diffusion

o,
H » @
Restricted diffusion Anisotropic diffusion

°

» A3

-
N x':&

Results: High-resolution diffusion
anisotrophy map in cat visual cortex

Anisotrophy
r Magnitude
1. Measure S e A N .
diffusion y« > e ) S e Fractional
along various ® B
directions
(>6)

Anisotrophy
Direction suprasylvius

2. Calculate
shape
of the p
) 4
ellipsoid « \ > 3 y Lateral sulcus
N Eigenvector

cerebellum Eigenvector direction field

Cat primary visual cortex — coronal view

But: What is the neurobiological correlate
of FA differentials?

arcuate fasciculus

Courtesy of

M M http:/iwww9.biostr.washington.edu/cgi-bin/DA/imageform
Kristen Lindgren * i e i

FA (ASD) < FA (control)
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MAGNETIC The Human Connectome

RESONANCE

Anatomical correlates of the functional organization in the human
occipitotemporal cortex

Network Properties

Small-world behavior
Short path length & large clustering coefficient

Microstructural Diffusion
Imaging

..But cortical diffusion is more

Water diffusion in tissue complicated..

"True" brownian motion gives rise to a Gaussian diffusion process - the - Diffusion of water molecules occurs
Displacement Distribution Function is a gaussian whose width
(displacement RMS) increases with the square root of the diffusion
time A and the diffusion coefficient D:

R 6AD

Gaussian diffusion process gives is well described by a single diffusion + Intricate and Heterogeneous Extracellular Space
coefficient, related to the DW experiment in the following way:

A —bD
Sy = Speg€

A gaussian diffusion process, as measured by DW-MRI will give rise o a
signal that decays monoexponentially with respect to the b-value. That
is the implicit assumption in most of the diffusion analysis, from ADC
measurements to DTI.

RMS =

Intricate and Heterogeneous Intracellular Space

Water exchanges with hydrophilic binding sites of macromolecules
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And the implications:

+ Fundamental lack of understanding of the
relationship between the DWTI contrast
and the microscopic structure of tissue in
health and disease.

* BAD: Potential misinterpretation of DTI
parameters.

* GOOD: Novel DTT which is highly specific
to microstructural tissue environmentlll =>
however: "conventional” (single b-value)
DTI results can be ambiguous.

COMMUNICATIONS

Conventional DTI vs. Slow and Fast Diffusion Tensors in
Cat Visual Cortex

Itamar Ronen,” Keun-Ho Kim, Michael Garwood, Kamil Ugurbil, and Dae-Shik Kim

b = y?8%g*(A-8/3

— fast-diffusing water

slow-diffusing water

1000 200
. bevalue

Potential candidate - NAA

* N-acetyl aspartate is the most abundant
intraneuronal metabolite (10mM). [compare
to water - 55MI]

* [NAA] is too low to provide signal for a
high-resolution image.

* The tool of choice - localized MR
spectroscopy (MRS) on a volume of
interest (VOI) or Chemical Shift Imaging.

20144 CertAntere| M33Xt state] -2ol=-
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Equation for the diffusion attenuation

Signal Intensity

b-value

However, it is not guaranteed that
D_slow = intracellular onlyll

Decrease the number of variables associated with diffusion
by decreasing the number of compartments.

}

How? > Look for biological marker for intracellular Space

|
What? > A-Acetyl Aspartate (NAA)

Proton MRS of a VOTI located
on brain tissue

Choline
(IDH.
HO-CH —CH,—I‘IJ—CH,
CH:

Myo-Tnositol

Myo-Inositol
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Where to do the Diffusion Tensor Spectroscopic Measurements?

Volume of Interest = 5 cm®

64 NAA Measurements
8 Water Measurements

4 healthy male subjects Aboitiz et al., Brain Research; 1992

Witelson et al., Brain; 1989

Magnetic Resonance in Medicine 58:1045-1053 (2007)

Diffusion Properties of NAA in Human Corpus Callosum
as Studied with Diffusion Tensor Spectroscopy

Jaymin Upadhyay,'? Kevin Hallock," Kelley Erb,' Dae-Shik Kim," and Itamar Ronen'

y 7 ==

B

How about more sophisticated, but still structurally
constrained methods (SEM, DCM)?

When important regions are 'left out' (of the anatomical
model), ANY correct method will give 'wrong' answers

104

Diffusivity ([A,+ A3)/2) in Rl and R2:

Radial Diffusivity of NAAin Corpus Callosum

Norraiized Axonal Diamete in Corpus Calosum Regiors
Rl adR2

L0
Sos
Eos

ity of Water in Corpus Callosum

Diftusivity (uimsec)

Corpus CallosumRegion

m

Structural connectivity := | J(x. <)
Functional/Effective connectivity := f(commute)

"Granger Causality” (or vector autoregression
method (Econometrics) or multivariate
autoregressive models (SPM))

Nobel Laureate and economist Clive 6ranger developed a framework to
". identify and define causality.

Causality between two events exists if:
1) Anoccurrence in timecourse x(n) occurs prior to an occurrence in another timecourse y(n).
2) Occurrence in timecourse x(n) can in turn be used to predict future events in timecourse y(n).

3) If taking into account past values of x improves a prediction of the current y value, it is stated
that x 6ranger 'causes' y.

For example:

Violence in the Middle East x(n) and gas prices y(n)!

Granger C., Econometrica, 1969
Granger C., Journal of Economic Dynamics and Control, 1980
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Granger causality

adinty

A AINA N Y ~y e, NNy ey H\, s P AN

e Lo

time

+ If we can predict x[t] better using {X-, Y-} than using {X-}
alone, then we say that y Granger causes x

+ If we can predict x[t] better using {X-, Y-, y[t]} than using
{X-, Y-}, then we say that there is instantaneous causality
between y and x

Courtesy of A.Roebroeck

'APPROXIMATE FUNCTIONS
AUDITION
Temporal lobe

FUNCTIONAL AREAS

s me H2

BODY SENSATION.
et lobe

GusTATION e
s Hy Hs
| »

OLFACTION

LATERAL BRODMANN AREAS
Korbinian Brocnann see panel
g

KORBINIAN BRODMANN

A German neurologist, Brodmann (868-191)
made a detaled study o the cortex, looking
at the way is layers tssues, and indvidual
neurons and other cels vry n thei
structure and size. He identified and
numbered different areas nthe brains of

| huggans, monkeys and other marmmais
et the conealeconfosion i aring

| parts of the cortex that existed at the time.

Hn e Poeeroniecote

VAV

,
A AR
7 101530107225 881 343 ko 8 ko9 St 64 70

b

Resy
toFaces

Distributed and Overlapping

Representations of Faces and

Objects in Ventral Temporal
Cortex

James V. Haxby,'* M. Ida Gobbini,? Maura L. Furey,'?
Alumit Ishai, Jennifer L. Schouten," Pietro Pietrini®
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el s, 5 200

Behavio Cognitive

Effective and Structural Connectivity in the Human
Auditory Cortex

P < 0.001
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Clip reconstructed

Presented cli 5 o
P from brain activity

Can Computers Reconstruct Your Dreams?
oy THE ASSOCATED PRESS

Studies in "Brain Reading"

Motor Decoding

= Previous study for brain decoding

Presented clip

KAIST w“

i» BREIL

Vision

Clip reconstructed
from brain activity

Simulation of Motor Trajectory Decoding

* Generate BOLD fMRI signal for a simulation

“Center-out reaching task” Correlation analysis
Correlation tuning curve between Multi-voxel pattern

at the voxel level

o —
% [\
LAl Ll L, —/7 1+ voxel
RN I
I A
LUl 1y — TUWWYTVT 2 vorel

L1 L

Poisson spike trains HRF

KAIST a

Primary Motor Cortex BOLD signals sampled at every second

i»BREILE

Simulation Results

m— Actual movement
== Predicted movement

Delay Time : 6s

KAIST a

i»BREILE
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Language Processing in Human Auditory Cortex (Left Hemisphere)

Syllables

P <0.001

P <0.001
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Neuronal or Hemodynamic Origin of MVPA

Neuronal or Hemodynamic Origin of MVPA

Effect to BOLD Signal

Parenchymal Tissue)
Neuronal Activity

Effect to BOLD Signal

Distributed Pattern of BOLD fMRI: Neuronal Activity or Hemodynamic Artifact (N0.3245) 50

201414 thekM A IISES] MI33RE efatis] -4Ql=-

‘Credfzfeldt1977 *the morphalagic ‘dviffer'ence‘s' ;
between cortical areas are‘decidental, ; e
5 wi"rh dfferent'projections systems and with |
efferent targét structures * -
7 9§ 4

Micro-column, Canonical Circuitry, Atomic

Circuitry...

Douglas, Martin &
Whitteridge,
Neural Computation, 1989

Friston, 2005
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“Difference Engine”

«Escher” “iPhone”
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