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In-vivo Human Imaging
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Resolution :

We will map the “ Imagining Brain ”
By Big Data Mining or Deep Learning with Superb
Resolution Never Before Imagined !



Next Generation Super Resolution PET

DECA Tesla Era + New Gen. PET
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Color Coded Brodmann’s Areas

28 colors are presently used for the map

Lateral view

‘ Medial view ‘
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3. 18, 2017

Connectional Anatomy

1. Fiber Tractography

2. Language

3. “ Engram “ and “ Langram



3. 7, 2017

1. Fiber Tractography
2. Language

3. “ Engram “ and “ Langram “



Paul Emile Flechsig
(1847-1929)

Develomental Myeloarchtectonic Map

Group 1—areas (from 1 Group 2—areas (from 11 Group 3—areas (from 32
to 10) showing signs of to 31) of intermediate to 36) showing myelination

myelination at birth myelination after birth

|




Myelogenetic Map

Primordial +
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Primary
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36 weeks

40 weeks Primary 46 weeks
Sensory & Motor

Secondary

Association Areas Tertiary

Association Areas

Short Fibers



Myelogenetic Map

Primordial +

40 42

Secondary
Association Areas

Primary
Sensory & Motor

Tertiary
Association Areas

Posterior temporal




“No Thinking” Cortical Areas

Activation and Deactivation —PET Study

Medial view

Medial

PET Study
M. Raichle 2000



Neural Functional Flow Anatomy with Connectivity - Il
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Theodor Meynert
(1833-1892)

ASSOCIATION FIBRES - - : PROJECTION FIBRES
COMMISSURAL FIB ES -
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215t Century

E/KT

NL= Nue

Where E = h V=-h ’YH More than linear!



MRI & Zeeman Split

NH

E_= 'm_h}’Ho = +]/2th

NH= 1,000,00

Excited States
(High Energy)
A
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# E— AE=hyH,

A 4

Y High Energy
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1. Fractional Volume Technique — FVT-1

Jir f
\oxel

D =
Original

Diffusion
Tensors

Original
DTI

High Res.
DTI

1st Order FVT

i Fractional
th
Volume

DOrs. Calamante, Se—Hong Oh, SeungYeon Park, Young-Bo Kim, et al 2011. 1



I1. Spherical Deconvolution

S(H, (P) = R(H) @ FOD (6, @) : Diffusion Weighted Signal

FOD (6, @) . Spherical distribution of fibre orientations in the voxel
R (9) . Diffusion profile

Recovered
Original

Deconvolved
Signal

S(69) ® R@O) = FOD(b, 9

Deconvolution

FOD : Fiber Orientation Direction



Super - Resolution TDI Image Processing - 3

New TDI

Simple Super—R_esqu’rior_1
Interpolated Data Tract Der(‘_I?gl\)/ Imaging

Calamante., Tournier etalin ISMRM 2010



N. Makris et al., Cerebral Cortex June 2005 ; 15. 854-869

Makris 2005

SLF

SFO




N. Makris et al., Cerebral Cortex June 2005, -9 ; 15. 854-869

Makris 2005

Coronal View

Sagittal View




N. Makris Original Assignment of SLF — 2005, 2009

AF SLFIII SLFI1I SLFI

/ SLFI SLFIl SLFIII AF
o x & 4 A

\
o — — BI1
= ~ 7 Main - SLF
. . *
; Y N =
<k ILF
N. Makiris et al.,, Cerebral Cortex June 20055;15.854-869 . ..
R i L Makris’s Proposition 2009

(a). SLF Sub components proposed and used by N. Makris et al., 2005, 2009



2005, 2009 by Makris et al

Lol o

Nikos Makris 1,2, David N. Kennedy1, Sean Mclnerney1, A. Gregory Sorensen3, Ruopeng Wang3, Verne S. Caviness, Jr1 and Deepak N.
Pandya?2



2005, 2009 by Makris et al New 7.0T MRI Human Brain Fiber Tractography 2015
SLFI
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New Proposed SLF croup

S-SLF Group: SLF1 1, SLF|2 ; New SLF Group: SLF I, Il, lll, AF
S-SLF* SLF
1 2
SLFI SLFII SLFIII AF SLFI ' SLFI SLFI | SLFII SLFI AF
| XX 4 A , N N S S,
i r" s i )
Ao ot (NEN
' Lo
: - i_;—_
i F~lal -
‘ ) . I
i : ' SFO
I 3 h; 4
) A Fall ML .
'y i - K { ”i R i
i | g i' ILF i i ILF
R | L R ! L
Modified from : N. Makris et al., Cerebral Cortex June 2005, Modified from : Z. H. Cho et al. (Edit.) 7.0 T MRI Brain White Matter Atlas.
15.854-869 Springer, 2015

* S-SLF:Supra-SLF(SLFI1'2)



Classic Model 1 of SLF in Coronal View

1995

Fig. 3.



New SLF in Coronal View

N. Makris Original Assignment of SLF — 2005, 2009

SLFI1 SLFIl SLFIl
/

Left

AF

N\

Fig. 3.



New Proposed 10-Division Model of SLF in Coronal View
2019

SLFI' SLFI2 SLFI SLFII SLF 11l
Left

AF

: /
. AF 1
| A\ AF 2

Fig. 3. Cho et alto be published 2016



New Proposed 10-Division Model of SLF in Coronal View
2016

1V

SLFI' SLFI2 SLFI SLFl SLF 1l

\ /
e AF
4 \ AF 1

AF 2

L eft

- -y-- p— AF 4

Fig. 3. Cho et alto be published 2016
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S-SLF : Supra SLF (SLF I1, SLF 12)

Cho Z.H. (Edit), F. Calamante, J.G. Chi, 7T Brain White Matter Atlas, Springer, New York, Heidelberg, 2015



11-3 10-Division Model

SLFIl

.4> 

B E
[ SR
o+

) \;vﬁ ‘ B
2
~ L

7
4.0cm |
r \



Lateral View of Brodmann’s Areas and Tractographs

FOPa : F1
FOPm : F2



Supra SLF

Sliceat X =-- 28mm

I Enlarged tracks of SLF Sub-Components — SLF I* and SLF I2.
Sppl. Fig. 4 (a) g p



SLF I, I SLEI

ED

Sliceat X =--32mm

__Z=%+38cm

)Z +35cm

Slice at X=-34mm

Sppl Flg 4 (b) Enlarged tracks of SLF Sub-Components — SLF I and SLF L.



SLF Il & AF

AF

SLF I
(AF

AF : Reference

-G

- ~':I
) oy

Slice at X=-36mm ~ © w

Enlarged tracks of SLF Sub-Components — SLF Ill and AF.




Sub - AFL2

B B EREEEEEEEE TS - ~Z=+38cm

Z=+3.0cm

Sliceat x=-4.0cm

Slice at x=-4.2cm+

Lateral Most Slice —Sum of Lateral Projections (Reference Slice)

Sppl F|g 4 (d) Enlarged tracks of SLF Sub-Components — AF and AP,



Sub - AF34

SLF I AF3

Slice at X=-36mn

Slice at X=-34mm

Sppl Flg 4 (b) Enlarged tracks of SLF Sub-Components — SLF | and SLF II.



SLF |

Sppl F|g 4 (b) Enlarged tracks of SLF Sub-Components — SLF I and SLF | Sagittal View



Great thought begins
by seeing something differently

Einstein



IV-1. Lateral Most Slice  (10-Division Model)

Whatis all thesereddish lumps ?

Tractographic Image 2015

Fig. 4-a. Collateral Branches or Lateral extensions (reddish spot like areas) that are originated from the medial
slices which are projected onto the present slice (at x== 4.2 cm) that will eventually be projected onto the lateral
cortical surface of the left hemisphere.

Flg- S-a. Cho Z.H. (Edit), F. Calamante, J.G. Chi, 7T Brain White Matter Atlas, Springer, New York, Heidelberg, 2015



Lateral Most Tractograph

1. Tractography




With this Super-Resolution Tractographic Data :

We could do two things :

1. Finding the Fiber Tracks,such as SLF |, II, Il

2. Finding the involved Brodmann’s areas, such as BA44, 45, and 46

With above two, we could derive the functional roles of each fiber track

3. Estimate the Functional roles of fiber tracks



1. Estimate the Fiber Tracks, such as SLF |, I, III

Supplement Fig.2



Lateral View of Brodmann’s Areas and Tractographs




2. Find the involved Brodmann’s areas, such as BA44, 45, and 46




3. Estimate the Functional roles of fiber tracks

SLFIl

VS|

\TA |

Supplement Fig.3



3.~2 Estimate the Functional roles of fiber tracks (Brodmann Areas)

Fiber Tracks Pathway

SLF 11
SLF 12

SLFI

SLFII }
SLFIll }
AF )

.\ -

AF 2
s
=

AF 3
N

AF4

VS | }
Vs i }

Supplement Fig.3

Dorsal Pathway 1

Local

Dorsal Pathway 11

Local

Ventral Pathway 1

Ventral Pathway Il

Connected Brodmann’s Areas Notes
Motor - Sensory

BA 11, 10, 10, 10,9,9,8,8,6 =5, 7
BA 11, 10, 10, 10,9, 9,8,8,6 =5, 7

BA 10, 10,9, 9, 46,9, 44,8,4-7, 19 Visuo-Language
BA 46, 44, 4 - 40, 40, 39, 39 Audito-Language
BA 6, 4 — 312, 42, 40, 40, 39, 39, 22 } Phonologic

BA 11, 47, 45, 45, 44, 44, 6, 4 - 42, 22, 22, 28 )
BA 11, 47, 45, 45, 44, 44, 6, 4 - 42, 22, 22, 28 J
BA FOPa, FOPm - 6, 4, - 42, 22, 28 }

Unclear
BA FOPa, FOPm - 6, 4, - 42, 22, 28

BA47, IFO — Amy, HIPP, HIPP, 28, IFO, 22 { Emotion-Memory

BA 11, UF — HIPP, ILF, ILF, 19 Visuo-Cognitive



3. 7, 2017

1. Fiber Tractography
2. Language

3. “ Langram &



“ Language and Human “



Most Recent Attempt, 2015



Lets Look at the Language Pathways

AD Friederici, 2011, 15

Dorsal Pathway I

Dorsal Pathway li

! Ventral Pathway |

—r

Ventral Pathway II



AD Friederici, 2015
2015

l ¢ ‘ Dorsal Pathway |
Mc, ol NP
- O Dorsal Pathway Ii
I : IS o)
N—L’?—{ A ) | }/ \ ,l;"

4147 . o e € X
PSS Ny \ 3
—22-37 s.f Ssmwassn Ventral Pathway |

——

Ventral Pathway Ii

T

- Dorsal Pathway | : Sound to Motor Mapping BAG6 - pSTG/MTG (BA22/37)

\[/)I: IAL';:/[ng';GmOIOF cornex
Eo o hasisshigiha Ll : High Level Syntactic and BA44 - pSTG (BA22)

FRTR R e Semantic Language Proce.

: Memory & Emotional BA45/47 - STG/MTG (BA22/37)

m Ventral Pathway 1|

STG to BA 45 Components

via EFCS
4~y | ventral Pathway n JEECLILCROR G EED LT LET T IL T FOP - aSTG (BA22)

antSTG to FOP
via UF




Application to Basic Language P——— Phonologic

Lexical & Semantic
Nﬁ AN

X=-3.8cm

Logographic SLF Il

SLF 1

SLFIll, AF

SLF LI

I .
Emotion / nterpretation

AN
¥ __5
Memory " S N g

SLF 1112

Ventral Pathway 2

Ventral Pathway 1 BA22, OCC.

ILF, UF. FrC

HIPP, BA22,
IFO, FrC

For the first time, now we have a functional mapping constructed based on the real connectivity



Catani’s Work and
Gescchwind’s Territory 2005



A Broca, Wernicke, & Lichtheim (1861, 1874,1885)

Superior longitudinal/
Arcuate fasciculus

"’ - = o SLF/AF
7, 2 , L \
N
") ("

» / ;
2
./ Y‘ “,ﬁ\-“‘l
- 5 oy

Wemicke's
Area

B Geschwind & Catani ( 1965, 2005 )
Geschwind's

Anterior Territory
1965, 2005 |  Seamen e S A
, , rcuate

Fasciculi



Perisylvian language networks of the human brain

2005 By Catani’s Two SegmentTheory with DTI

40 years after Geschwind’s Theory in 1965 !

Geschwind’s
Territory

Anterior 1
Segment y

Posterior

Broca’s
Segment

Territory

Wernicke’s
Territory

But this Tractographyistoo POOR Resolution!



| Sagittal— IDI (- 44 & - 28mm,

No Color Coding

I . )

- W | Left Hemisphere
1

IA}“ ?\ A “‘I Catani’s SLF & AF

l £ sh.

1 ¥ '

Geschwind’s Territory

Arcuate Fasciculus
Arcuate Fasciculus (posterior segment)
(anterior segment)

New Tractography with
Color and Directionality !

(@) I@I (- 44mm)



3. 7, 2017

1. Fiber Tractography

2. Language

3. “Engram?” and “Langram®



“Engram?” and “Langram*



SM-LCDA Hypothesis

Sensory, Memory, Language, Cognition, Decision, and Action

SM-LCDA Pathways

* [ CD- Liquid Crystal Display ?



SM-LODA Hypothesis

Sensory, Memory, Language, Cognition, Decision, and Action

SM-LCDA Pathways

For Auditory
Auditory ~ Wernicke's  Geschwind’s DLPFC+ OFPFC Motor
BA 41 BA 22 BA 39,40 BA 46,9,10 BA 10,11, 47 BA 6,4
Sensory Memory |— Language r—{ Cognition —{ Decision Action




SM-LCDA Hypothesis

Sensory

Action Primary Auditory

Cortex

Motor & Premotor Language

Cortex
Cognition Inferior Parietal
Cortex
Prefrontal
Cortex

Memory

Decision Superior Temporal

Cortex

Orbitofrontal
Cortex

Sensory, Memory, Language, Cognition, Decision, and Action : SM-LCDA Pathways (Ex. Auditory)



SM-LCDA Hypothesis

Langram
SLF I, 1l
Language - Cognition
(39, 40)— (44, 46, 9, 10)

Engram-Langram
Translation
With
Lexicon

Langram

SLF 12
Cognition - Decision
(46, 44, 9, 10)— (11, 47)

Engram

(22) - (39, 40)
Memory - Language

‘ i 'E AF, Post. Seg.
- S D GO et N7 R

@
x=-d.zem : (41-42)— (22)
(11, 47)— (6, 4) Sensory - Memory

Decision - Action AF, Post. Seg.

Langram ssur, Engram

Complex System Requires Language !



Pathway Tracing with Tractographic Data and E stimated Brodmann’s Area

Real Pathways
1,2
SLET SLEIII
. (5:7)=(6,8,91011,47) 1)) 39 40)_ 1 6)
(39,40, 19, 7)— (44, 46, 9, 10) AFa.s
(22,39, 40)— (6, 44,45, 11, 47)
SLF I/
(39, 40)— (44, 46, 9, 10) ” IF
SLE 12 (41,42)- (22)

11,47)- (6,4
( =69 SLF/

SLFI, 1l (7,19)— (39, 40)

(9, 10, 46, 44)

_ (11, 47) AFp.s

(22)- (39, 40)

"4

PF
(17, 18)—(19,7)

Visual & Visual-Language
e Auditory & Auditory-Language

wmm (ognitive-Language



On Real Pathways Pathway Tracing with Tractographic Data and E stimated Brodmann’s Area — Language

Langram Langram
Langmm Auditory Language Ch. Phonoloic Channel
Visual Language Ch. SLE/ SLEI Langram
SLF1 (39, 40)— (44, 46, 9, 10) (22,42)- (4, 6) Language Ch Il
(39,40, 19, 7)— (44,46, 9, 11, AFa.s.
(39, 40) - (6,44,
Langram 45,11,47)
Decision/Action Ch. ~
SLF %2 :
(11,47)- (6, 4) | » Langram Territory
_—— - d =
Langran "
| 8
Cognition/Decision Ch. uﬂ..'l.\ Engmm
SLF I, 11 a’"& Language Ch |
— (11, 47) (2(2)— (39,40)
6, 44,
D 45,11,47)

[ anguage Pathways



Language and Cognition Related Fiber Tracks & Areas

Visual Information Pathway - (SLF I 7?)

BA 6,8,9, 10, 11,47 <«—» 19, 7,5

r [ A Language Area
| Decision Pathway - (SLF1%2) | Motor,
| Premotor —p Out
BA 11, 47,45 <> 4,6 I BA 4.6
I_ —_— — — — _— — — — L — — — _— — — —-— —_— — — — —I
- . y I
C Visual Language Pathway - (SLF I) g eschwind’s
|
Prefrontal BA 9, 10, 46, 44, 45 <= 39, 40, 19 |
&
Inferior Frontal Audiory Language Pathway - (SLF Ii) Inferior :
Parietal
BA 9, 10, 46, 44, 45 BA 9, 10, 46, 44, 45 <> 39, 40 I
Broca's I
pamsssmmasns Classic Language Pathway - (AFa,s ) BA 39, 40,19 |
BA 45,44,6 %39, 40 _ 1 _
. |
(SLF1, Il) (Phonologic - SLF III) (AF p.s) | (SLF1I)

BAG, 4

————— BA 6, 4 <> 22 )| Visual
i D) I Associat.
I e e l

. ) BA 19
| Orbito-Frontal : Primary (AF ds) Auditory :
[ Associat.
: : In ——p Auditory _:—> : -
BA 11, 47
I I BA 41, 42 |M BA 22 I :
i I Primary
L e e e e e e e e e - - I || Visual
| - L)
I _'(/l/er_‘_miﬁe_s _1I Ba17, 18
| -

Langram Pathways & Cortical Areas




“Neurons” and “ Synaps “

Engram

Semon R., Die mneme. Leipzig: Wilhelm Engelmann; 1904

Tonegawa S, M. Pignatelli, et al . Memory engram storage and retrieval. Current Opinion
in Neurobiology, 35:101-109, 2015

Resonance A bsorption or Excitation

B. Hutcheon and Y. Yarom. Trends in Neuroscience, TINS \Wol. 23, No. 5, 216-222, 2000



A Neural Basics

“ Engram *“



| Basics II | | Maintenance of LTP - Short Term

POSTSYNAPTIC LTP | | | |I | | || | | | Te tdnUSS tlmu&ltwn

Short-term

Insertion of
New AMPA Receptors

LTP -=ShortTerm

Ca 2+ activates
Calcium-Calmodulin
dependentPK leads
to more new AMPA
Receptors

odulin
P in
kinase

(( Calcium -Calmodulin

Eric Kandel



Long Term - Transcriptional i

CRE CRE
EE'E- Nucleus
st Al
l/// \ Transcriptional R EET

| Basics VII |

Transcriptional
Long Term : Postsynaptic

cree-1 @)  cres2 Change /
hosphoryla
®hosphonlate CREB-1 nCRBZ
MAP kinase Long Term Potentiation PAR®
MAP kinase
Catalytic i 4 N
Subunit (POStsynaptlc) fﬁ';”; PKA
Facilitation
* 4

Yt 4

*,» CAMP
|

s .
\ cyclase
Early LTP ||

!

transmitter D A

Effectors Regulators
(tPA. BONF) (C/EBPB)

kinaso (Fyn)

Retrograde
messenger

NO?

Early LTP

CREBL1 : Phosphoryrate CREfor long termmemory
CREB2 : Repressor forboth CREB1 and CRE for longtermmeory
MAPK: Mitogen Activated Protein Kinase ;repressor of CREB2

Principal of Neural Science. E. Kandel



“Engram “

A Neural Pattern



“Neurons” and “Synaps“ | 100 Billions

Input signal and frequency distribution

w=2xf

Frequency Band

f’.‘.‘ f”:g f;nz f””z

Frequency Band Sub-Components

Symapse
—h

[Pmumpﬁc Synapric Pmmﬂc]
dendrite cleft earminal

Semon R., Die mneme. Leipzig: Wilhelm Engelmann; 1904

Tonegawa S, M. Pignatelli, et al . Memory engram storage & retrieval. Current Opinion in Neurobiology, 35:101-109, 2015
Hebb DO: The organization of behavior; a neuropsychological theory. New York: Wiley; 1949
B. Hutcheon and Y. Yarom. Trends in Neuroscience, TINS Vol. 23, No. 5, 216-222, 2000



In-Vivo Human Brain 7.0T

Cho et al, in Neuroimage 49(3 ): 2134-2140, 2010



Schaffer collateral pathway

H ippocampus (associative LTP)

§ CA
Stimulus

Mossy Fiber
Pathway

Mossy fiber pathway
Granule (nonassociative LTP) Perforant

Cell pathway

Mossy
Fiber o

Pathway Dentate

: . .o Lsies Gyrus
PR W 2 ntorh. j . -
Il Schaffer

" Cortex »
______ Collateral.zl ~.6,J

Pathway
;“‘\M'

CA1l
Perforant -

Schaffer
Collateral

Pathway Pathway
Dentate Perorant f
Gyrus Pathway

Entorhinal
Cortex

CA1 Cell

Sensory Assoc. Cortices -Entorhinal Cort - Perforant Path — Dentate Gyrus — Mossy fiber Path — CA3 —
Schaffer Collateral Path — CA1 — Subiculum — Entorhinal Cortex — Sensory Assoc. Cortices



Details of the Hippocampal Areas Seen
by

7.0T MRI

Super Resolution In-Vivo Human Hippocampus

Middle

CA2
Dentate

Fornix Gyrus

Subiculum

CA1—]

__Entorhinal Area

Lateral
(Right)

Sensory
Association Area

Parahippocampal
Gyrus

FFA Collateral sulcus

Fig.3. An exemplaryin-vivo human hippocampal head image of coronal view obtained from 7.0T MRI and the tentative signal pathway
overlaid onto it. Note the input-output connection of the sensory association area or cortex.
Cho etal, in Neuroimage 49(3) :2134-2140, 2010



Tonegawa Model 2012- 2015

In Hippocampus

“g”
(a) (b) 2 Y
Optics O
Dentate
Gyrus c-fos tTA

C-fos
Transgenic Mice

~

Engram
Formation

ChR2

Labeling

“S”: Shock (Electric) Protein synthesis

Labeling : Memory / ChRjyg (Light sensitive)

c-fos : Immediate Early Gene (IEG)
ChR2 : ChannelRhodopsin 2 ( Lightsensitiveion channel)



Tonegawa Model 2015

In Hippocampus

() ContextA o24hr ContextB o414 Context A
== (On Dox) —> (Off Dox) —> (On Dox)
I s Light
- e S <«

- X =

° ° e
N
; ight
Light Engram Generation
(Contextual Fear Memory) By light stimulati’on of the ChR2
High Voltage Mesh (nothing to do with synaps)

/
Hebb: Oncefiredtogether—wired together

Dox :Doxycycline (synapticinhibitor)

Wiring is the memory



Anisomycine : Protein Synthesis Inhibitor

e @ Saling  Group

Saline/ Anisomycine e @ Anisomycin - Group
L Saline (No Shock) Group
* O Anisomycine (No Shock) Group
Context A 24 hr Context B 24 pr ) '
(Habituation) {Traiming) L, -
| > pt > >
_ I
Engram Generation
ON-OFF (Contextual Fear Memory)
>
“S”
K- (]
Habituation /
- 4
(11 29
v NS

s 3

Freezing (%s)
o

TD om oD o

dmin 3min 3min 3 min

Habituation & Engram Generation Engram Generationunder Drugs (Saline/Anisomycine)and Retrieve with Light Stimulation




Summary of Tonegawa Experiment :

Cells that fire together -~ wire together, Hebb

Wire together means, it forms a “pattern” or “Engram”

A formed pattern or the “Engram” is
the basic memory element that can be retrieved later



2. Resonance Excitation or Absorption :

“ Resonance is nature’s most efficient energy transfer mechanism".



Resonance Excitation or Absorption :

tttt

fo et Off Resonance
Sound Wave /
. 11_._. Off Resonance
fl '——\—l On Resonance
Sound Wave fl
\ ““““““
% f, B w0 . Off Resonance

..........

f 3 o ' ‘ . Off Resonance

“ Resonance is nature’s most efficient energy transfer mechinaism’.



Input current

Non-Resonance Circuit

SNV —-

_—>t

Non-Resonance Circuit

SNV —

Resonance Circuit

A —
T

®

Resonance Neuron

SO —

o

Resonance Neuron /
with Amplification

V- —

Q)

Resonance Excitation in Neurons and Electronic Circuits:

Circuit
or Impedance

HEA

A
2
-

B[]

By B.HutcheonandY. Yarom, 2000.

Modified form from B. Hutcheonand Y. Yarom. Trends in Neuroscience, TINS Vol. 23, No. 5, 216-222, 2000



Input Circuit Output
Signal or Neuron Response

Electronic Circuit (0]
l ! 1/Z(0) =1/ R + LjoL + ] (@)

Z(w) =1/ [1/ R+ 1/joL +j ((,OCD = Max

nput /| | JM".%H'MM Irlz = 3| — _’_"’"”“"IMI’

l/joL + j (oc) = jJ(wc - 1/wL) = 0,
TOM

= ;= l// LC : Resonance Frequency

Neuron resonates like Electronic Circuit!

Modified form from B. Hutcheon and Y. Yarom. Trends in Neuroscience, TINS Vol. 23, No. 5, 216-222, 2000



Very High Ver
low low Fre 3enc Hi
Bqand y Band Band Fr%qaunedncy

N

‘M]’Af"lr m uu lrm Action Potentials
f;

1 2 3 .f:l

"ﬂ"-,"rI I.Il.'rllllllllll

Neuronal Signal |=»

[N\
VAN

Frequency Band Sub-Components

Modified form from B. Hutcheon and Y. Yarom. Trends in Neuroscience, TINS Vol. 23, No. 5,216-222, 2000



Resonance Excitation Hypothesis

Hebb “Cellsthat fire together— wire together “. l
Encoding :

Selective Reso Excitation

am Cell 2N Resonance Frequency

Sensors
Short Term
SOL_Ind Memory
or Visual
w > Resonance

Sensory { ;E’
Memory %{: %: <}:
Hebbian Pattern

Translation

B

Sensory Association Cortex

First Clue of Memorization or Memory Formation !

Memory Contents are All in the Sensory Association Areas
“ Not Hippocampus * HERREE

Non-Resonance

Cho et alto be published 2016



Hippocampus



Resonance Excitation Hypotheis

Consolidation

Mossy Fiber Path.
Dentate Gyrus

Perforant Path.

Entorhinal
Cortex

Sensors

No Output

Facilitation
Sensory \
Memory ‘

‘ntermediae Term Memory

Censory A tion Corte:

Declarative Where : X, VY, Z Intermediate & Long
Conscious When :t Term Memory
What :«a,B,y

* Facilitation ~ Augmentation

Fig. 10 Cho et alto be published 2016



Healthy Normal Subject




7
S
)

E
)

c

N

<

—
)
&)
QD
O
-
p)

-
7 o




Normal & Alzheimer’s
Subject 1

Hippocampus, obviously, play an important role,
but seems not the memory center itself !



What is

“Langram ”’ and *“ Engram “ 2

* Langram = Language Engram



™

What is Language

Definition

Hierarchically Structured,
Classified, and
Categorized
Systematic and

Efficient “Learning Dependent Social
Communication Tool”

Learning Dependent

Is Unique Human Property !



“Engram”

Hebb “Cellsthat fire together— wire together “.
Encoding — Resonance A bsorption

Selective Resonance Excitation
& ll Engram Cell  WyoW Resonance Frequency

Sensors a % ia
s, [ RN S S S

A“ 2‘:} &\

v

4 N
N A
Memory i{' %: éfl

Engram
Formation Working Memory

Pattern
Sensory Association Cortex

Sensory

Engram

Transl
- ation

First Memory Formation !

Each Input has Its own Pattern or “Engram”

Engram : Neural Pattern Cho et al'to be pubiished 2016



“Langram *“

Engram is simply too inefficient to be used in the
“Complex Neural Circuitry”

Neural Circuit requires better organized and efficient neural “Code”

Structured,
Classified, and
Systematic and
Efficient “Neural Communication Tool”

The “ Langram *

Cho et al'to be published 2016



66 6
Langram
A Neural Correspondence of Social Language

Hierarchically Structured,
Classified, and
Categorized
Systematic and
Efficient “Neural Communication Tool”

Socially Adapted

Learning Dependent

Langram is, therefore, the Product of SOCIETY !

1s Unique Human “Brain” Property !

Cho et al'to be published 2016



Sensory, Memory, Language, Cognition, Decision, and Action
Langram Formation

Sensors

Pattern

Engram
Formation

1st & 2nd
Sensory
Association

Cortices

Memory

|
Resonance
Absorption

Engram

SM

Geschwind’s

Downstream
Neuronal Circuit

Territory

S

Lexicon La”gmm

Engram - Langram Langram
Translation
A 4
Langram
L
|
- Cho et al'to be published 2016




SM- LCDA Hypothesis

New Hypothesis of Human Language Circuitry
Studied Based onthe New MR Super-Resolution Tractography

Motor,

Premotor —

Geschwind’s

BA4, 6

L
Prefrontal :
& Infe.rlor BA39, 40
Inferior Frontal Parietal
BA9, 10, 46, 44, 45
Broca’s
_ Visual BALO
Orbito-Frontal Primary Auditory Associat.
Auditory Associat.
BA41, 42
BA11, 47, 45 BA22
Primamry
Wernicke's Visual

BA17, 18

Engram Pathways & Territories

= |_angram Pathways & Territories

Cho et alto be published 2016



Psychological Prefrontal
Conceptualization ACC Cognitive Centers

(Executive Level) Sensory

Emotional

BA9

Social Emotion
Old Memory
Conceptualization ¢

Conceptualization of Intangible
future (Planning) Phenomenon

BA 10 BA 46

Temporal / Hypothetical

Ly Creativity

Thinking

BA 47
Conceptualization

of Object ; Material

Decision

BA 11/47 Inhibition

Emotional

Anticipation of Reward
& Punishment (Mood)

Prefrontal
Cognitive Centers

Peter J. Snow, Frontiers in Human Neuroscience, Oct. 2016




Visual
Psychological m Engram
Conceptualization

Supre-Dorsal Stream
Aacc . < > BA18,19,7,5
(Executive Level) BA9 ) Supra-SLF
Visual Lanauaae
Emotjon/Social Engram
Conceptual. of \
Conceptualiz. of Intangible
future (Planning) Phenomenon
Dorsal Stream BA 40/39
BA 10 1BAse : —— Rl e
- | H otical SLF-L, 11, 1ll, AF
empora othetica .
\ P ypP Geschwind’s

Langram T

t Auditory Language

Ventral Stream
. < = BA 22
Conceptualiz. |BA 11/47 |« i ,
of Object BA 441745 AF. Sub-AF Wernicke’s
Decision ’ _
Auditory
\_ Langram

Prefrontal Cognitive Centers Perception &« Transform Centers

New Proposed Scheme 2017



Prefrontal Cognitive Areas with Limbic ACC

BA9  acc
Emotion

Temporal |

Y Xal

\ i }/

%BA 11/47 B3

K Material
Prefrontal

Cognitive Centers 5




Back to Language

“ J exicon “

A learning dependent “Language Code Storage Unit”
believed to be In the Geschwind’s Territory
with which the input data “Engram” can be translated to
“Langram” by help of classification, categorization, and
systematic organization

“Modern Deep Learning”
device



Geschwind’s Territory and Hypothetical Connecting Pathways

Cognitive 312 Geschwind's

BA 9, 10, 46, 11/47 BA 39,40

- Lexicon

BA 10 & ‘ ' ! F 3 " l, ) : Langram

) : Engram

Prefrontal 20 £
Cognitive Centers ’fi “"" Language Hubs

Engram : Graphic type Neuronal Pattern .

Langram : Language based Neuronal Pattern, Language Engram



Lateral View of Brodmann’s Area and Tractographic Fibers

—

( ” J 6/ = . Y
P~ L p =X Langram

7

B\ 39, 40 [S%Y

- Lexicon

- Engram

: Langram

Prefrontal :
Cognitive Centers — Language Hubs



Repeat Pathway Tracing with Tractographic Data and E stimated Brodmann’s Area

Real Pathways

SLF /Il Langram
SLF | Langram
AFa.s Langram

SLF/l Langram

- . AF ‘Engram
SLF /|12 Langmm ” “
, o~ SLF/| Engram

SLF 1, I/ Langram
AFp.s Engram

PF ‘Engram

Visual & Visual-Language

mmm (Cognitive-Language e Auditory & Auditory-Language

Fig. 3(a)



Repeat

Geschwind’s Territory with All the Fine Pathways on the
Real Tractography

C : Cognitive Center 1 D : Cognitive Center 2 L : Geschwind’s Territory

SLFII SLFII
SLFI AE

Langram Territory

Fig. 3(b)

[ anguage Pathways



Catani’s Ant. & Post. Segm. Hypothesis with Geschwind’s Territory

Catani’s AF & Geschwind’s Territory

AF
anterior
segment

posterior
segment

TDI (- 44mm)

Engram- Langram- Geschwind’s- Lexicon- Cognition- Ant.Post Segm.- SLFI, II, AF




Engram-Langram Hypothesis and Flow Diagram

/Sensory

»| Memory Language Cognition Action
Sensors Inherited Skill Human Motor
w /— Animal & Human —\ vyl Learning m

Hipp

Premotor
& Motor

Primary
Secondary

Sensory
Association
Cortices

Lexicon

Engram Langram
Primary Sensory Secondary Sensory
CE Association Area
: Tertiary Sensory High Cognitive Premotor/
Sensing Memory Association Area Area Motor
Translation Classification Action/
Dec?sion Execution
| . |
Engram Langram Langram Engram
LCD A
~

engram )




Sensory, Memory, Language, Cognition, Decision, and Action

Engram - Langram Hy-pothesis and Its Pathway

Decision Action

\ 4

Sensory Memory Language Cognition

\4

Sensors Leaming Dependent

Motor

Inherited Skill
7~ Animal & Human = /

=

Lexicon Lexicon Lexicon

Graphi-con Graphi-con

Engram - Langram Langram Langram
1

Patltern Pattlern Lang. -Code Lang.-Code Lang.- Code Neur.-Code
1 ' ' ]

Primary Sensory Secondary Sensory Tertiary Sensory High Cognitive  High Cognitive Premotor/
Area Association Area Association Area Areal/ Arealll/ Motor
Translation Analysis Selection Action/

- Classification - Decision Execution

39{150’1’ Engram Engram - Langram Langram Langram Engram

Signal Encoding Translation

Learned Skill (Human)

CLD
Fig.5



Langram - Engram and Connectivity

Engram- Langram- Geschwind’s- Lexicon- Cognition- Ant.Post Segm.- SLF, I, AF



Engram- Langram- Geschwind’s- Lexicon- Cognition- Ant.Post Segm. - SLFI, II, AF

Langram

Pathways SLFII

~

SLF AF
Cognitive
Centers
Geschwind’s
Territory

Engram to
Langram
Translation

Ant. 8 Post
Segments
AF

Engram
Pathways



Engram- Langram- Geschwind’s- Lexicon- Cognition- Ant.Post Segm.- SLFI, II, AF

Langram

Pathways — f? SLFII
SLF AF

. Geschwind’s
\ Territory
Engram to

Langram
Translation

Cognitive
Centers

39

Ant. 8 Post
Segments
AF

Engram
Pathways



Engram- Langram- Geschwind’s- Lexicon- Cognition- Ant.Post Segm. - SLFI, Il, AF 1904, 2015

Engram- Lang 'AIM - Geschwind’s- Lexicon- Cognition- Ant.Post Segm. - SLFI, II, AF 20 16
Engram- Langram- Geschwind’s- Lexicon- Coghnition- Ant.Post Segm. - SLFI, II, AF 1965’ 2005
2000 Engram- Langram- Geschwind’s- Lexicon- Cognition- Ant.Post Segm. - SLFI, Il, AF
1900 Engram- Langram- Geschwind’s- Lexicon- Cognition- Ant.Post Segm. - SLFI, I, AF
2005 Engram- Langram- Geschwind’s- Lexicon- Cognition- ANt.POSt Segm. - sLFi, 1, AF
2005 ’ 2015 Engram- Langram- Geschwind’s- Lexicon- Cognition- Ant.Post Segm. - SLH, I, AF

Semon R., Die mneme. Leipzig: Wilhelm Engelmann; 1904

Tonegawa S, M. Pignatelli, et al . Memory engram storage and retrieval. Current Opinion in Neurobiology,
35:101-109, 2015
Geschwind N. Disconnexion syndromes in animals and man. I. Brain 88:237-294, 1965a.

Catani M, Ffytche DH. The rises and falls of disconnection syndromes, Brain, 2005, 128:2224-39

Catani M, Ffytche DH. The rises and falls of disconnection syndromes, Brain, 2005, 128:2224-39

Makris N, et al. Segmentation of subcomponents with in the superior longitudinal fascicle in humans: a
guantitative in-vivo DT- MRI Study. Cereb. Cortex 15(6):854-869, 2005.

Cho Z. H et al. (Edit.) 7.0 T MRI Brain White Matter Atlas. Springer, 2015



On to the Color Coded Map



Multi-Color Coding based on the Proximity Rule & Geschwind’s Territory

Motor Sensory

a oL 40

Lateral view

Fig. 9



MOTOR HIERARCHY
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Back to Real World !



Back to Real World !

The Language Area
Perisylvian Cortex

Syl. Fissure
Lat. Sulcus
Function Specific Non-Function Specific
Dual & Triple Color Coding Single Color Coding

Fig. 32






The Language Area

Speech Motor _
Premotor Dysarthria Arcuate Fasciculus
Speech Motor Conduction Aphasia
Preparation

Supramarginal Gyrus

~

Frontal Area
Transcortical Motor Aphasia §
Broca’s Area 2 \
Opercularis
Broca’s Aphasia

Broca;s Areal p

Trinagularis 74
Dictionary

S 1
)ﬁ < Agraphia
’ Angular
Gyrus
Alexia

\ Temporal Area

Transcortical Sensory Aphasia

Auditory, Primary
Deafness Auditory, Assoc.
(Wernicke’s Area)

Anomic Aphasia Wernicke’s Aphasia



Application 6. - 4

Logographic Non-Logographic
Character
Hanja Hangul
1s [1 T-ﬁi:j’,— (Market) 18[ 1 —f—'é_'ll' (Mathematics)
> fRZN (Bases) , Xl (Friends)
20 3 FE (commoner) s L1 (Advance)
S
IF & Ho
30 4K (Pants) 30 SHM (Student)
Old Korean Character New Korean Character
2000~ 3000 years 600 years

Fig. 41



Application 5.- 5 Experimentally observed New Language Pathways

Hangul

Phonologic Specific Hanja

LLogographic Classical Language

Hangul > Hanja pathway (SLF III) Pathway (AF)

DLPFC = Geschwind’s
. Territory

39, 40

. e ’
Logograhic Specific Broca’s ESC
. 45
Hanja > Hangul 18, 19
OFC . .
/a7 Prim. Visual
Cortex
17
. ) _
Wernicke’s Fusiform
22 37
AF : Arcuate Fasciculus HC : Hippocampus ESC : Extrastriate Cortex
SFO : Superior Fronto-Occipital Fasciculus IFO : Inferior Fronto-Occipital Fasciculus FFA : Fusi Form Area

Fig. 34



Hangul
Classical Language
Pathway (AF)

Hanja
Logographic
Pathway (SLF I)

Fig. 34



Application 6.- 6 . SMALL -CDA Hypothesis
Revisit the Tractogram :

Classic Language

= Synt
Logographic yhiax
SLFI AF
SLFI ~ Angular/Supramarginal
Prefrontal Grapheme to phoneme
cortex Conversion
9,10 39, 40
Prefrontal CoC ERA
cortex ;
Grapheme

46 Generator
) 18, 19, 37
Broca’s
44
Primary
Visual
Broca’s . <4 : Cortex
45 il » o o - 5 | a g = 17
p v SO B : ‘
\ ‘ HIFﬂD.’. . ‘—-:-——‘-‘_' 32 3 B
ANYF A , s S
! v’ ( o, A -\
4T - 4 : i
B Wemicke’s  Fusiform
Phonology 37
Legends : SLF I, II, Il : Superior Longitudinal Fasciculus. SLF %2 & Supra SLFI, 1, 2.

AF1:2,3,4 = Suh — AF 1, 2, 3, 4. AF : Arcuate Fasciculus.

) Replicated with scaling
Fig. 43



Applications.-7
New Language Pathways

Hangul

Hanja

Phonologic & Semantic
Logographic & Syntactic Pathway AF

Pathway SLF1

Angular/Supramarginal

3 Grapheme to phoneme
>, - Conversion
Prefrontal /
39,40
cortex L
46 ESC, FFA
Grapheme
Generator
Broca’s 18,19,37
44
Primary
Visual
Broca’s &« Cortex
45 17
OFC
11/47

Wernicke’s Fusiform
Phonology 37
— Langram
Engram
Fig. 35



Language & the Beyond
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What’s Next ?



A True

Functional - Connectivity Map

I. Structural Anatomy
II. Functional Anatomy

III. Connectional Anatomy



Summary
Next Generation Super Resolution In-vivo Human Brain Imaging

DECA Tesla Era + New Gen. PET

Field R

Strength 1 4T

3 11.7T
Y /NIH
Neurospin

7T

NRI (Korea) &
T Others
and 3+
(Korea)

1 980 1990 yA0]0]0) 2010 2020
Year

AO® Clinically proven
Research only




-

2005, After 20 years sincethe_first 2.0T!
| B/ —

7.0T Superconducting
Magnet E=

7.0T Superconducting Magnet Arrived in NRI on Aug. 9, 2005

Neuroscience Research Institute



Next Generation Super Resolution In-vivo Human Brain Imaging

DECA Tesla Era + New Gen. PET

Current HRRT-PET New Z-PET

~ 2.5 mm fwhm ~2.0 mm fwhm

- =@

1.5mm




Brainstem

Choetal.inInter. J. of,im aging system and Technology, 2008



PET-MRI Molecular Fusion Imaging

Metabolic Function in In-vivo Human Brainstem

18F-FDG PET

Glucose Metabolism

Nu.
Nu.

Nu.

Nu.

Nu.
Nu.

Dorsal nu. raphe

centralis superior
centralis superior

raphe pontis

raphe magnus

raphe obscurus
raphe pallidus

T Nucl. Med. 52(3):401-404, 2011



SLF |

Sliceat X =--32mm

Enlarged tracks of SLF |

SLFI



I. Structural Anatomy

- Resolution 200 um




ZLoom-PET Functional Imaging Data

II. FunctionalAnatomy
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7T Super-Resolution MR Tractography

III. Connectional Anatomy

Resolutioﬁ 200 um

X=-4.2cm



In-vivo Human

Functional (Molecular) - Connectivity Map

II. Functional (Molecular) Anatomy

e
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| III. Connectional Anatomy




70Testa MR
‘Rrain White Matter Atlas

Zang-Hee Cho, Ph.D, Editor
Fernando Calamante, Ph.D, Co-Editor
Je-Geun Chi, MD & Ph.D, co-Editor

In Vivo Human Brain White Matter Atlas with
! 7.0T MRI Super Resolution Track Density Imaging
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2015 Siemen’s Brochure
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Summary of Tonegawa Experiment

1. Once itis fired, therefore, wired, it remains (ChR2), the Engram
remains.

2. Contex change from B to A, erase the memory of B, the
Engram synaps dependent states.

3. Once the Engram is formed, it can be activated if condition

Is right, like ChR2 with light stimulation. Thus the Engram is
permanent memory.



System Symmetry
of

Human Brain



Real Pathways Pathway Tracing with Tractographic Data and E stimated Brodmann’s Area

Ant. Post.




Real Pathways

SLF I

SLF 11

Pathway Tracing with Tractographic Data and E stimated Brodmann’s Area

AFa.s

4 d Cl

R

SYY C2 fess

— Cognitive Side

Cognitive Centers :

C2: Orbitofrontal Cognitive
C1: Prefrontal Cognitive

Motor Areas :
M3 : Frontal Eyefield

M2 : Premotor
M1 : Primary Motor

| e PerceptionSide

Perceptive Centers :

P2 : High Perceptive Center
P1: Perceptive Center

Sensory Areas :

S3 : Somatic Sensory
S2 : Auditory Sensory

S1 : Visual Sensory



Real Pathways Pathway Tracing with Tractographic Data and E stimated Brodmann’s Area

Ant.
Post.




Pathway Tracing with Tractographic Data and E stimated Brodmann’s Area
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