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THE CONCEPT OF MRI
» MEEFEFE WHAT IS SPECTROSCOPY?
» MRIBYEASRIEWI#23K? WHERE DOES MRI SIGNAL COME FROM?
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WHAT IS SPECTROSCOPY?




WHAT IS SPECTROSCOPY?
HUMAN’S EYE

WHY COLORED?
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Think about the spectrometer you used before !!!



WHAT IS SPECTROSCOPY?

How about normal life?

B

What is information you
get when the color of
flame changes?



WHAT IS SPECTROSCOPY?

Wavelength, A/m
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0.1 nm 100 nm | 0.1 mm

Spectroscopy




¥ b ¥%_ (nuclear spin)

WHAT IS MAGNETIC RESONANCE?
Classic view

= §

Macroscopic view

hizABfx (Magnetic dipole)

Microscopic view

@ JF T 1% (proton)

From water

The ensemble of proton nucleus as a small
magnet (magnetization)

Most abundant in the
nature




WHAT IS MAGNETIC RESONANCE?
ZEEMAN EFFECT
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Resonance
energy
(RF range)

I Magnetic field

Higher magnetic field, larger energy gap

The resonance frequency of proton nucleus at 7 Tesla= 300 MHz
(Earth field=0.5 Gauss ° 1 Tesla=10000 Gauss)
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\_/“ FARADAY’S LAW

Lenz’s law: the induced current in a loop is in the direction that creates a magnetic field that opposes the change in
~magnetic flux through the area enclosed by the loop.
The induced current tends to keep the original magnetic flux through the circuit from changing.
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NUCLEAR MAGNETIC RESONANCE

Steady State s No signal
[ &
)
Nuclear Spin % H JiE Magnetization fiZZ#H
(Quantum view) (Classical view)
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Signal: Free Induction Decay

No signal Current generated

Magnetic flux change
b/ SA :/-,l-‘-ll
Exciting / @ Lenz's Law(/¥ RE2)
Relaxation y

Nuclear Spin % B¢ Magnetization 4R

(Quantum view) (Classical view)




NUCLEAR MAGNETIC RESONANCE

SteadyState m==m)  No signal

N
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Nuclear Spin % B liE Magnetization FZZJE
(Quantum view) (Classical view)
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NUCLEAR MAGNETIC RESONANCE

No signal Current generated
Magnetic flux change
) B gy
Exclting y @ Lenz’s Law(;% X ER) m
Relaxation w
Nuclear Spin % H JjE Magnetization iR
(Quantum view) (Classical view)
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HOW STRONG THE MAGNET IS




a

NMR

Frequency = Spatial information

MRI

T A S

Animal MRI Lab, IBMS, Academiov Sinicov



FROM NMR TO MRI

Paul Lauterbur Peter Mansfield
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First MRI

1977
Midnight July 2,

MR Scan of Larry Minkoff ‘s
Chest (T-8)
Commences in

INDOMITABLE !
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MRI NOWADAY
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WHAT DO WE CARE IN MRI?

Contrast



CONTRAST (¥7[L[¥)

THE ABILITY TO DISCRIMINATE DIFFERENT
TISSUES BASED ON THEIR RELATIVE
BRIGHTNESS
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THE/IMPORTANCE OF MRI CONTRAST
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+ 512 MOLECULAR IMAGING

In vivo

MOLECULAR

BIOLOGY
yANEGR )

Imaging

s B

visualization, characterization and quantification of
normal / pathological biological processes at the

cellular and molecular level
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Animal Imaging Facility
;MR & R O
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Application-driven Research

Methodology Developments

FiEGE %

Clinical Application
GIRIEH

SIZE MATTER!

Drug discovery RI development

Pre-Clinical Research
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APPLICATION




[R5t 2?2 WHAT IS NMR RELAXATION?

Relaxation properties

Mz(t)=Mo*(1 'e-tlT1)

The relaxation
behavior can reflect
the environment
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More interaction
(Fast relaxation)

Excited state

Ground state
(Sleeping) (Angry)

Ground state -

Less interaction - (Sleeping)
(Slow relaxation)



FLASH flow compensated

T,WI
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BRAIN STRUCTURE IN MRI

T2WI Mn-enhanced

control ligated

Journal of Cerebral Blood Flow & Metabolism (2011) 31, 2009-2018; NeuroImage, Aug. 1, 2007, pp. 82-89.
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APPLICATIONS

DIFFUSION BASED IMAGING
]L?Eiﬁ E‘/{%




DIFFUSION TENSOR MRI (DTI)

Diffusion anisotropy

Diffusion is greater in the

>
/ — axis parallel to the

orientation of the nerve fibre

>

Diffusion is less in the axis
perpendicular to the nerve fibre



WHAT IS THE DIFFUSION TENSOR?

Isotropic, Isotropic, Anisotropic,
umsmcted f"fsmﬁted restricted
diffusion diffusion diffusion
\
Diffusion Qo
Trajectory ‘ @‘A /
(free water) (random barriers present)
7 - (coherent axonal bundle)
A y/
y y
Diffusion x X
Ellipsoid x
D 0 0 ' [ '
Diffusion Dy 00 b. D, D,
Tensor 0O D 0 0 D, O D, D, D,
0O 0 D 0 0 Deﬁ_ D, D, D,




TRACTOGRAPHY - OVERVIEW

* NOT ACTUALLY A MEASURE OF INDIVIDUAL AXONS, RATHER
THE DATA EXTRACTED FROM THE IMAGING DATA IS USED TO
INFER WHERE FIBRE TRACTS ARE

 VOXELS ARE CONNECTED BASED UPON SIMILARITIES IN THE
MAXIMUM DIFFUSION DIRECTION

Johansen-Berg et al.
Ann Rev. Neurosci 32:75-94 (2009)



DIFFUSION TENSOR IMAGING (DTI)

Superior




\‘/\_,-
\_/l\nisotropy in cortical layer
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DTl fiber tracking-Hippocampus

WT CON_ 13 WT CON_ 04 Tau CON_ 05 Tau CON_ 10 Tau CON_ 11
[Fiber:13027) (Fiber: 11325 (Fiber: 9149) (Fiber: 8148) (Fiber: 8118)

WT _treatment_ 01 WT _treatment_ 02 Tau_treatment_03 Tau_treatment_ 06
(Fiber:12174) {Fiber:10048) (Fiber:9125) (Fiber:10465)
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APPLICATIONS

CHEMICAL EXCHANGE SATURATION
TRANSFER (CEST) IMAGING

C



What is Chemical Exchange Saturation Transfer (CEST) and Dynamic
Glucose Enhanced (DGE) Imaging?

- CEST and Glucose Metabolism :
* Application: Tumor Microenvironment differentiation

« Application: Tumor Immune Responses

« Application: Huntington’s Disease Mice
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H nuclei on different functional group has different resonance
frequency (chemical shift)




SENSITIVITY LIMITATION OF




CHEMICAL EXCHANGE SATUR
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80+

60 -

Water Signal Attenuation (%)

4 2 0 -2 -4
Offset frequency (ppm)

£

Probing chemicals at Microscopic scale and show at Macroscopic MR resolution (1nm)



Z-SPECTRUM OF GLUCOSE P
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DYNAMIC GLUCOSE ENHANCED (DGE) IMA

(Imaging the OH group on Glucose by CSET imaging)

Time

\

Baseline
(Blanking
imaging)
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@ =" Glucose by IL.V. injection







GLUCOSE METAB!
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Percentage (%)

In vivo Magnetic Resonance

2
Chemical shift (ppm)

WT mice

. fﬁ Glucose
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GLUCOSE AND GLUTA

In vivo z-spectra Analysis by CEST (15 mins after glucose injection)

D-Glucose
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Application: Tumor Microenvironment differentiation

DGE Image of Mice Brain Tumor Model

«10*

12.5

DGE image




Application: Tumor Microenvironment differentiation

ROI Analysis of dynamic process

DCE DGE
(Using Glucose)

i

(Using Contrast Agent)

0.06

-0.05 * * ’
I 000 000 000 4000

Reflect glucose metabolism

s s L
(00 (00 (00 ANO(

Reflect the BBB leakage

0.1

normal

0.03

0.05¢ 0.02 -

DCE
DGE

0.01r

¥

0 1000 2000 3000 4000
time (s)

0 1000 2000 3000 4000
time (s)




Application: Tumor Microenvironment differentiation

Area Under Curve (AUC) Mapping

Static information

DCE imaging DGE imaging DGE imaging
(0-2000 s) (0-2000 s) (0-4000 s)




plication: Tumor Microenvironment differentiation

C mapping of DCE image v.s. DGE

AUC mapping of DCE image DGE signal

y-axis (mm)

Water signal (%)
0 & A NDNODN P O

S,
o

1000 2000 3000 4000

x-axis (mm)
Time (sec) —
\/
Similar BBB leakage condjtion butdifferent metabolism rate
\) \ ) - A\ /



Application: Tumor Microenvironment differentiation
Classification of DGE signals

Voxel DGE signal

-04




Application: Tumor Microenvironment differentiation

Flowchart of Signal Clustering
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Application: Tumor Microenvironment differentiation

Influence of Time Interval on Dynamics and Mapping Images

Concentration (mM)
N

0 500 1000 1500 2000 2500 3000 3500 4000
Time (sec)

~ o/
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Application: Tumor Microenvironment differentiation

SOM mapping

Colors represent different signal types

Tumor

y (mm)




\ Application: Tumor Microenvironment differentiation

Comparison of SOM and DESI Image

Glutamate image

0.1

4 0.09

10.08

4 0.07

- 0.06

0.05

0.04

0.03

0.02

0.01



. Application: Tumor Microenvironment differentiation

ROI analysis by SOM classification
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Application: Tumor Microenvironment differentiation

Comparison of SOM and Pathology




Application: Tumor Microenvironment differentiation

Theoretical Model of Glucose Transportation

Extracellular space

ac, =D(C,—C,)+V,,. Cf_COC =
2 K, +C +C +——

ii
Intracellular space

i

Site P [P A Site 0 | ¢ Site |

(Blood (Extracellular (Intracellular

vessel) Riitesion space) Glucose

space)

Transporter
St




Application: Tumor Microenvironment differentiation
Theoretical Simulation
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Application: Tumor Microenvironment differentiation
Comparison of Simulation and Pathology

=
1 0.40 3.0% :48.7% : 48.39
% L L j:> Difference due to the Glut1 distribution
2 0.33 1.8% : 70.0%: 28.2%
3 0.34 3.0% : 95.0% : 2% P Difference due to the Cell distribution N’

- \ ) \J\

3 /3 ~—f



Wash-out Slope as An Image Biomarker

— Previous Work
6 - Tumor region 0.6- DGE
1 contralateral counterpart P<0.005
<1 1w : v
i ,\e i .
= 4] °, 04 ———
S 2 g
— 34 Q. &
@ ®)
E’a _ (7)-1
2]
1 1 =g
S I
] | | -3
-1 ; | ; - ' | ' = T
0 1000 2000 3000 4000 rral counterpart_/
Time (sec)

N
O
Magnetic Resongﬁce in Medicine 74:1556—-1563 (201 5)
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Application: Tumor Immune Responses

Hot and Cold Tumor

Cold Tumor

Immune-sﬁﬁpressing cells T cells and other
cancer fighters

https://blog.dana-farber.org/insight/



Application: Tumor Immune Responses

The Nutritional Competition between Tumor and Immune Cells

Tumor cell

. 5 "iﬂl:r'.d-p-llt Naive T cells B cell
i —_—l [
. Tl e o
— s | iR [y f>
O O o Fafty 265, o o SIS
L N
8 :
on @ & \_/ _ O _ Q
ol 4 T L i 2
Demdriik cells I el

Longzheng Xia et al., Molecular Cancer 2021



Application: Tumor Immune Responses

Tumor Size of Hot and Cold Tumor

Cold tumor Hot tumor

w/o Tamoxifen tumor w/ Tamoxifen tumor

Day 07

Day 11

Day 16

Cold tumor

Hot tumor

10 12 14 16
Volume (mm?)



Application: Tumor Immune Responses

Pathology of Hot and Cold Tumor

it g VR D T e Y W L PR STR A
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Application: Tumor Immune Responses

Glucose Uptaking of Hot and Cold Tumor

S
Hot tumor Cold tumor
0.8 W 0.8
0.6 / Wﬂay 16 0.6 /Day 16
Day 11
0.4 AAAAA::...e.,..W y " i

4
E.

0.2 L - i .
. J ;' ....... ‘Day 7 .
0.0 4 0.0

DGE signal (%)

(=]
N

DGE signal (%)

.-:AA:‘;A et M%
\Day-’/

0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100 ="

Time (mins) Time (mins) )
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\ Application: Tumor Immune Responses

Correlation Map

Check the correlation between
the average and local DGE
signhal of tumor




Application: Tumor Immune Responses

Correlation Map

Day 07 Day 11 Day 16

Cold tumor Hot tumor Cold tumor Hot tumor Cold tumor Hot tumor

Tumor Size

Cold tumor

60 j
50 o
J _I

40

20 2 p <0.01

Volume (mm?)
L}

0 Hot tumor

T T T T T
7 12 14
Time







Application: Huntington’s Disease Mice

What Causes Huntington’s Disease (HD)?

Chromsome 4 Huntingtin (HTT)

= * Contains triplet repeat e Normal: 10-35 times
Repeated * Huntington disease : >36
( times
-y /III | | [ | I | 1 L |
CAGCAGCAGCAGCAG
] ) ] Mutated Huntingtin

protein
HoN OH —_—
W
\' " 36 or more

¢+ Glutamine :. \3 Glutamines

n = ¥
/ /_l_;;D Polyglutamine
Disease
symptoms = \

Abnormal or
degenerated neuron



Application: Huntington’s Disease Mice

Disease Progress

HD mice

Huntington Disease Mice

1 ‘—A.‘6 weéks
4 —B. 10.5 weeks C

1——C. 12 weeks /“/
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o ]
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0 500 1000 1500 2000 2500 3000 3500 4000 4500

WiherRes)
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& — |
6 -
10 — &1
£ 4]
et I 511§
T 3] RO
12 g, 2] éﬁ il
N 4] /
14 01 "’%
-1 4
2]

1
16§ 0 500 1000 1500 2000 2500 3000 3500 4000 4500

\—/
Time<(sec) /
v \




Application: Huntington's Disease Mice

Functional Analysis of HD Mice by DGE

DGE

0

10 20 30 40 50 60 70 &0

time / min

Fiber photometry in neurons and

astrocytes
B |
: — astrocytes
1.2 — neurons
€,
e ALY
10 ..........................................................

N
) F I - | 5 I : I 2 I Ly I L I . 1

0 10 20 30 40 50 60 70 80
time / min

A. Eleftheriou, L. Ravotto, M.T. Wyss et al. Neurolmage 265 (2023) 119762
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Application: Huntington’s Disease Mice

Functional Analysis of HD Mice by DGE

WAV

Time Series ROI 1

W

: 'S . » Time Series ROl 2

Structure

4000 sec

DGE

g
v

Time Series Correlation

ROI parcellation



TAlw4 N

Connectivity Analysis

* Pearson Correlation
* Fisher z-transformation (inverse hyperbolic tangent, artanh) 4
« Two Sample T-Test
 Chosen brain regions: ACA, RSP, S1, S2, M1, M2, Ins, TeA, DG, Ce, CPu, Thalamus .
* Datainterval:

e 21-90 mins (from post-glucose injection to end of session)

e 21-50 mins (from post-glucose injection to 30 mins after injection)

* 51-90 mins (from 30 mins after injection to end of session

Chuang KH, Lee HL, Li Z, et al. Evaluation of nuisance removal for functional MRI of rodent brain. Neuroimage. 2019;188:694-709. doi:10.1016/j.neuroimage.2018.12.048



Application: Huntington's Disease Mice

Functional Analysis of HD Mice by DGE with Different Time

A 1.08 }
1.06 - )
_51.04 - [
o [
DGE 1.02 [
1.00 4t Jeeeeeieeeemnnnnnnn r
)
0.98 l'l'lr'l'l'l'l_'ﬁ
10 20 30r 40 50 60 700 80
timre/min :
B [ m
— astrocytes| -
Fiber photometry in neurons and Ll H_% I
astrocytes g -y 3

——— — 1 —
10 20 40 50 60 7_3 80

= e W12 1IN

A. Eleftheriou, L. Ravotto, M.T. Wyss et al. Neurolmage 265 (2023) 119762 | P ———




Application: Huntington’s Disease Mice

WT (15 m.o.) v.s.zQ175 Kl (15 m.o.)

o - . N .51.- .
Time interval: 21 - 90 mins Time interval 50 mins Time interval: 51 - 90 mins

[
'

T T =4 23 - E=
8 3 33 3 8 S5 33
£ e B g EE 55
> >0 [eNe) S T© H e 32 3 - - =] B B
PSPPI YBE IR RUBEERE LR SEFIE o SRR R R 8 e
S B S N N - Tc EEREEE N R R P R e S T -3
ACA/L 3
ACA/R 3
RSP/L
RSP/R
Ce/L
Ce/R 2.5 2.5
CPu/L
CPu/R
DG/L ' T
DG/R 12 2 ) BETR 2
Hippocampus/L S lelslerUllsle H}ppocampus/L
Hippocampus/R Hippocampus/R Hippocampus/R |
s1/L S1/L _ S1/L
S1/R {11.5 S1/R 1.5 S1/R 1.5
S2/L s2/L s2/L
S2/R S2/R S2/R g
M1/L ML/L M1/L
M1/R MI/R 1. M1/R 1
M2/L M2/L M2/L
M2/R M2/R M2/R
Ins/L Ins/L Ins/L
Ins/R 05 Ins/R 0.5

TeA/L

TeA/L

Thalamic/L

Thalamic/




Application: Huntington’s Disease Mice

WT (12W) v.s. R6/2 KI (12W)

Time interval: 21 - 90 mins Time interval: 21 - 50 mins Time interval: 51 - 90 mins

— I I x
= P
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o © =44 T T =44
[=] o0 o O o0
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Ce/R 2.5 CPu/L CPu/L
CPu/L g CPu/R Pu/R 1
CPu/R DG/L | DG/L
DG/L DG/R 2 DG/R 2
DG/R 2 Hippocampus/L Hippocampus
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S1/L S1/R 1.5 S1/R 1.5
S1/R 1.5 s2/L s2/L
S2/L 7 S2/R 7 S2/R i
S2/R M1/L M1/L
M1/R 1 ML/R 1
1 M2/L M2/L
M2/R M2/R
Ins/L Ins/L
Ins/R 0.5 Ins/R 0.5
0.5 TeA/L TeA/L
TeA/R TeA/R
Thalamic/L Thalamic/L
- - Thalamic/R 0 Thalamic/R 0
Thalamic/R 0
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FUNCTIONAL MRI (FMRI, TIgEM iR iE 52

Using MRI to understand the brain's responses to cognition, behavior, and other activities

MAMRIZKREEARAKRE R - TRERENEERE
Applications of fMRI

* Brain tumors.

* Drug abuse.
* Neuropsychiatric diseases.
* Growth and aging.

How it works?

By detecting Blood Oxygen Level Dependent (BOLD) contrast images, changes in brain
signals are observed.

ZEEMBOLDEI LAY B - A E K a1



BOLD (BLOOD OXYGENATION LEVEL DEPENDENT)
2 4 [ 41 22 (OXY-HEMOGLOBIN): 51T 4 (DIAMAGNETISM) SR B SR R F ]
. E£& 4T Z(DEOXY-HEMOGLOBIN):IERi {4 (PARAMAGNETISM) (Cavse local magnet field inhomogeneity )

Blood-oxygenation-level-dependent (BOLD)

baseline : activation

Hb

neural neural activation? ;5 1t MRI signal increase 1 554 4r

- N B

Glucose (§ % #%) & Oxygen (¥ # )

metabolic metabolic increase(  #{3 +¢) T, and T,* of tissues increase
Blood flow increase(s it 3 4v) > .
. oxygen consumption(¥ # i} 4£) . . .
hemodynamic deoxy-hemoglobin Field inhomogeneity
decrease
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-What is Cerebral Blood Volume fMRI?

> Application of contrast agent (iron oxide particles, T2 /T2* shortening),
providing better image contrast.

T2/T2*WI

iron oxide signal T
MR signal l

T2/T2*WI

signal J,

vasodilation
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e Somatosensory task: 27 s “on”, 27 s “rest”
® Note that this is really good data

Sample Data Time Series

® 64 X 64 matrix (TR=2.5 s; 130 time points per imaging run)

pattern of expected

BOLD signal

"‘ A

I\

Af vt AN\
11"”‘r l;”‘.

A

pattern fitted to data

data

https://afni.nimh.nih.gov /class_handouts

~——— One echo-planar image

One anatomical image, with
voxels that match the pattern
given a color overlay

~ N/




RIGHT FINGER TAPPING




Preprocessing

Motion
correction

Statistical
analysis

BT

Normalization

Model-based /
Model-free

Statistical
analysis

2nd level
analysis

Co-registration
with anatomy

Talairach
coordinate

2D or 3D
Rendering




What is “Gout”? JHk

1
=)
<

_ e
= synovium (JEE)

—MSU crystals

o ay o) \ ]

Neutraphil
& influx

IL-8, MIP-2; etc.

__Synoviccyte or ather cell type

> Gout is one of the most painful acute conditions that human can experience.

> Gout is initiated with the deposition of monosodium urate (MSU) crystals
in joints and periarticular tissues.

> MSU crystals activate the immune system to drive inflammation.

Martinon F, . (2006) Gout: new insights into an old disease. J Clin Invest. 73:2073.

8 J

J
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electrical stimulation on the rat forepaw
20V

20

20

cortex

somatosensory

60 V

(STFL) /4

striatum

(CPu)

20

—Electrical stimulation induced CBV changes

5V—>

10

-10

10

1 -10

0l

10

-10

20 | .20 -20
—e—S1FL
B0 e -30 . .30
0 32 64 96 0 32 64 96 0 32 6.4
Time (min) Time (min) Time (min)

- \
Shih YY. et al. (2009) A new scenario for negative functional magnetic resol e imggifilg signals: endogenous neurotransmission.

J Neurosci. 29:3036.

L
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Experiment design

Killed for
other analyses

A1 BV MRI (24 hr) |

MSU injection
(1.2 mg Behavioral Behavioral
/ 50uL observation: observation:
/ left wrist) Guait, Swelling Gait, Swelling
L |
I I CBV fMRI (3 hr)
Tues. Tues. Tues. Wed.
9:30 12:30 15:30 9:30
(12:30) (15:30) (18:30) (12:30)

Wed.
12:30
(15:30)

< 4.7 T scanner>
TR/TE=150ms / 15 ms
Angle = 22.5'

NEX = 1

1. Histological analysis
a. H&E

b. IHC ...... COX-2, iNOS, IL-1beta, CD45, CD68

FOV / Matrix = 2.56 cm / 128x64 > 128x128
Slice number / thickness = 5 / 1.5 mm
Repetition = 60

3mA 3 mA

JUuL

normal right leg (as control)

= MSU-injected left leg




Representative behavioral observation

3 hfl - L . .
\ y v e
:Fhﬁ.‘ / p
R L
24 hn oy _
' 7
d;‘v “: /y % %
f’r-r.'.'l'.riru; Condition - standing walklng Swelllng
Standing S0 Normal o o 3hr>24hr | 3hr>24hr | 3hr>24hr
51 Complete touch of foot pads with closed fingers
2 Partial touch of foot pads Not 320 321 020
53 One foot stand No2 330 351 0->0
Walking W0 Normal No3 350 321 0->0
W1 Shight imping
W2  Severe imping No4 320 3->0 O0->X
W3 One foot gar N No5 30 30 0->0
Brain Research, 365 {1986) 235-240 No6 350 350 0->X
e’ u
o J
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Representative CBV-weighted fMRI (3-1)

S

Normal leg

0.6

10.2

-0.7

—
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__Representative CBV-weighted fMRI (3-2

MSU leg

p—

6.4%
7.3%
I 6.2%
24 hr
-8.8%

averaged (n=6)

Normal leg

140%

3 hr %_—*«100%

60%

140%

120%

' 100%

80%7

60%

™

on on

i

on on

140%

120%

100%

80%

60%

140%

120%

100%

80%

60%

~—7

T

o

5.9%

-

:— 15.0%

6.5%

-] 2.9%
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IN ADDITION TO TASK-GIVEN/STIMULATED TASK-FMRI
R 7 %6 T 1EH/RIEBIRITASK-FMRIELSH...

= — 12 ZBASELINERER FRIFMRI :

RESTING STATE FUNCTIONAL MRI
R IBEM IRE R

* BRAIN IS ALWAYS WORKING EVEN DURING REST
— RESTING STATE ACTIVITY (SPONTANEOUS LOW FREQUENCY FLUCTUATIONS)
— READY TO RESPONSE TO ANY INTERNAL OR EXTERNAL CHANGES
— ENERGY CONSUMING !
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5 RAS A TBE M ikiE =2 (RESTING STATE
FUNCTIONAL MRI)

« EI[RIE: —RFEMBVREMHRMKLEILL(BOLD CONTRAST) » 7347 B F|EN =5
(EhxlE 2 BREIREFELARZRE (E.G. 1HEENE) -

« AT ER: E5EE 5% (LOW FREQUENCY FLUCTUATIONS) (< 0.1 HZ)

Fox MD and Greicius M. Front Syst Neurosci. 2010;4:19
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mPFC: medial prefrontal cortex Hip: hippocampus

Cg: cingulate cortex _,  thal: fhal?‘nus
RSC: retrosplenial cortex
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RESTING STATE FUNCTIONAL MRI

Human DMN

« RESTING STATE NETWORKS
« DEFAULT MODE NETWORKS
« SENSORY/MOTOR
* VISUAL
* BASAL GANGLIA
« SALIENCE
o ATTENTION

Basal /\

Ganglia

Moussa MN et al., (2012) PLoS ONE 7(8): Lu H et al. (2012) PNAS USA 109(10):3979-3984
e44428
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R ESTI N G STAT E F U A Functional modules of the mouse brain

Module 1: "Default mode network"
Rat DMN Monkey DMN

Rs _— _PtA
m\"‘TeAr/ﬁ \ ‘

Module 2: Lateral cortical network

Cg

S51/82

Wmv

Module 3: Hippocampus

RSD 3

M2 = Module 4: Basal forebrain Ach

CG1
FrA cG2 CA MS Acb Acb -
o1 , ® & & v
wo . { { _ -

i
+0.4 +0.4

Module 5: Ventral midbrain

Lu H et al. (2012) PNAS USA 109(10):3979-3984 VTA .
HR. - eSS S e @

Amy
Module 6: Thalamus A'“"

o /B 7@ ®

Iteration stability 100%

Liska A et al. (2015) Neurolmage 115:281-291

He dHc s -
v'ﬁlc J ' Th? L -

B 3D renderings of functional modules

"Default mode network" Lateral cortical network

-
L ALY

Hippocampus Thalamus

Basal forebrain Ventral midbrain

@ B
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RFSTINICS STATF F II\I('TIﬂI\IAI AMPRI [ANITAA AL )

@ Somatosensory / motor Default-mode Sub-cortical

Cingulate / Retrosplenial area (Cg/RSP)

0 - -0

0 EEE -20
z-statistic (p<0.01, uncorrected)

Cingulate / Retrosplenial area (Cg/RSP)

30 100
Overlap [% dataset]

Grandjean J et al. (2020) Neurolmage 205:116278

B Connectivity profiles of functional hubs
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g 9
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Lateral cortical network
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Basal forebrain
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= Thalamus
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APPLICATIONS

MR ANGIOGRAPHY
figh 3 [ ' 42 =2




MR ANGIOGRAPHY
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\/ VASCULAR REMODELING AFTER ISCHEMIC STROKE REVEALED BY 3DAR, MMRA

cortical
regjon
Infarct

.*
AR, (s)

\subcmtiual

Contralateral |psilateral "9'°"

S

B contralateral

B ipsilateral
cortical subcortical
region region

N

3 |




“TUMOR ANGIOGENESIS

N

("\

a Domant b Perivascular detachment € Onset of angiogenic sprouting
and vessel dilation

ol

Bergers, Nature, 2002

Normal cell  (ZA0) Blood vessel with pericyte
@ Cancer cell ﬁ Apoptosing, necrotic cell

(&%) Dividing cell
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L-MCA: 21.88 cm/s L-MCA: N/A L-MCA: N/A L-MCA: N/A L-MCA: 5.19 cm/s L-MCA: 8.96 cm/s
R-MCA: 15.03 cm/s R-MCA: 7.03 cm/s R-MCA: 12.72 cm/s R-MCA: 10.85 cm/s R-MCA: 10.21 cm/s R-MCA: 10.75 cm/s

L-MCA: 16.72 cm/s L-MCA: 7.77 cm/s L-MCA: 9.71 cm/s L-MCA: 9.85 cm/s L-MCA: 9.99 cm/s L-MCA: 12.23 cm/s
R-MCA: 19.54 cm/s R-MCA: 17.35 cm/s R-MCA: 6.3 cm/s R-MCA: 12.11 cm/s R-MCA: 11.82 cm/s R-MCA: 17.87 cm/s



TAGGING - MYOCARDIAL MOVEMENT
TRACKING

Grid mode Line mode
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TAGGING — MYOCARDIAL MOVEMENT TRACKING

Doxorubicin induced
cardiac failure
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SUMMARY

* PROVIDES A NONINVASIVE IMAGING TECHNIQUE
* PROVIDES ANATOMICAL AND FUNCTIONAL INFORMATION OF TISSUES

* IN VIVO STUDY

L N
ACADEMIA SINICA &%
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