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PROGRAM OF THE COURSE Thursday 13:15-17:00 e!fsm

Session 1: Feb 27, 2025 Session 3: Mar 6, 2025 Session 5: Mar 20, 2025 Session 7: Apr 3, 2025
(Campus Biotech, Geneva)

08:15 - 09:00: Introduction to MRl and [13:15 — 14:30: Fast MR Imaging Methods |13:15 — 14:00: RF Theory: 13:15-17:00:human MRI & MRS
MRS (Xin) (Zerbi) Introduction and Demonstration practical teaching (Xin, Kaiser)
09:15 - 10:00: Introduction to MRI and [14:45 — 15:45: Functional Magnetic (Wenz)
MRS (Xin) Resonance Imaging and Applications 14:15-17:00: Hands-On: RF Coil
10:15 — 11:00: Ethics for Human Study |(Zerbi) Construction and Characterization at
(Fornari) 16:15-17:00: MRI Sequences and the Bench (Wenz)
11:15 — 12:00: Ethics for Animal Study |Applications of Diffusion-Weighted
(Cudalbu) Imaging (Jelescu)
Session 2: Feb 27, 2025 Session 4: Mar 13, 2025 Session 6: Mar 27, 2025 Session 8: Apr 10, 2025
13:15 — 14:00: Basics of Nuclear 13:15 - 14:00: RF Theory: Introduction 13:15 — 14:00: Introduction of MRS | |13:15 — 14:00: X nuclei MRS (13C,
Magnetic Resonance | (Wenz) and Demonstration (Wenz) (Xin) 31P, 15N, 2H). (Xin)
14:15 - 15:00: Basics of Nuclear 14:15 - 17:00: Hands-On: RF Coil 14:15 - 15:00: Introduction of MRS Il [14:15 — 15:00: MRS Quantification
Magnetic Resonance Il (Lanz) Construction and Characterization at the |(Xin) (Cudalbu)
15:15 — 16:00: Basics of MRI (Cudalbu) |Bench (Wenz) 15:15 - 16:00: Basics of MRSI 15:15-17:00: Interpretation of
16:15 — 17:00: Basic MR Sequences (Cudalbu) dynamic X-nuclei experiments with
(van Heeswijk) 16:15 - 17:00: Basics of MRSI metabolic modelling (Lanz)

(Cudalbu)

B N e cuCr
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PROGRAM OF THE COURSE Thursday 13:15-17:00 e!fsm

Session 9: Apr 17, 2025 Session 11: May 8, 2025 Session 13: May 22, 2025
13:15-16:00: - 1H MRS 13:15-17:00:Lab for structure MRI 13:15-17:00: Animal MRl & MRS
quantification(Cudalbu) processing (VBM and SBM) and fMRI practical teaching (Lanz, Cudalbu)

16:15-17:00 - Fast Magnetic Resonance | (Bach Cuadra & Fornari)
Spectroscopic Imaging and
reconstruction techniques (Klauser)

Session 10: May 1, 2025 Session 12: May 15, 2025

13:15 - 17:00: Theory of clinical MRI 13:15 — 17:00: Data processing using in-

segmentation and registration. house developed tools for MRS and MRI
(Cudalbu)

Introduction to surface and voxel based
morphometry (VBM and SBM) and fMRI
processing.

(Bach Cuadra & Fornari)

B N e cuCr
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LEARNING OUTCOMES eCI.Bm

m Know the essential elements in designing a translational neuroimaging study
m Understand the physical principles of MRl and MRS
m Know how to establish MRI and MRS acquisition protocols

m Know how to perform experiments independently on clinical and preclinical
scanners, and analyze results for the research topic of interest.

m Know how to interpret results of neuroimaging and MRS data

© CIBM | Center for Biomedical Imaging



STUDY RESOURCE em.sm

Third Edition
Principles of
Magnetic
Resonance Imaging
A Signal Processing Perspective

in vivo NMR

Spectroscopy

Principles and Technigues

l...;,l

Rabin A, de Graaf
f \ ZHI-PEI LIANG
PAUL C. LAUTERBUR

WILEY

m https://www.youtube.com/playlist?list=PL471uBfQUs9qcODBKQGJTZkcblIKrjKry

B N e cuCr
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EXAM: MINI PROPOSAL Submission deadline: June 15t e!fsm

Topics: free-choice, including novel elements (methods or topics) beyond your
current project

1. Project summary (max. 1 page)
2. Project plan (max. 5 pages)

= background

= hypothesis and aims

= research approaches (study design, MR protocols, justification for methods of choice,
data processing methods, statistical plan)

= description of the potential impact of the research project
3. Bibliography

B N e cuCr

© CIBM | Center for Biomedical Imaging



i

‘en’rerfor Biomedical Imaging

m History: from NMR to MRI
m Introduction to MRI & MRS: structure, function, and metabolism
m Translational applications in psychiatric diseases

m MRI procedure & safety




HISTORY: FROM NMR TO MRI i

ciBm
| ¢

enter for Biomedical Imaging

- (1924) By Pauli,

nuclear particles have - (1946) Edward Purcell, - (1959) Singer,

matter absorbs ener - (1975) Ernst, _ - (1990) Ogawa ar_ld
angular momentum at a resonant frequeg}c/:y gggj‘;{;}wigg develop 2D-Fourier colleagues, obtain
(spin) 1OW L transform for MR functional images using

NMR (in mice) BOLD contrast

. . - (1946) Felix Bloch, - (1972) Damadian,
(r:]zgzLZ%zﬁ?gf nuclear precession patent idea for large - (2005) UHF 7.0 T MRI - —
magnetic moment of can be measured in NMR scanner to developed by Harvard, =
nucleus. "maanetic detector coils detect malignant NIH, Gachon, and e

 T1ad tissue IR ===

resonance Magdeburg '

- (1973) Paul Lauterbuir,
publish generating
images using NMR

gradients . 1991:_Richard_ Ernst 2 iz
Mag HEtIC Resonance Imaglng Chemistry (High-resolution pulsed FT-NMR)
. o o o o o o o o o o o >
1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

- (1944) Rabi, award - (1952) Purcell and - (1973) Peter Mansfield, -(1980s)1.56Tand 20T - (2003) Lauterbur and
Nobel Prize in Physics Bloch, share Nobel published gradient superconducting MRI Mansfield, share Nobel
Prize in Physics approach to MR developed by Goldstar, Prize in Physiology and

B GE, and Siemens Medicine o %

B N e cuCr
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FIRST HUMAN MRI (1977) e!I.Bm

Damadian’s grad student, Larry Minkoff,
in “Indomitable”, the first MRI scanner

oo o

gleteile H = 1
e @W ° ol|olo o 1
:@%@j; e ‘
== M r
=il | e "
I YU ESETTRTARC: Tk
APPARATUS 8 DISPLAY slice through Minkoff’s torso

4 hours to get one slice

https://www.smithsonianmag.com/science-nature/the-indomitable-mri-29126670/

© CIBM | Center for Biomedical Imaging 11



https://www.smithsonianmag.com/science-nature/the-indomitable-mri-29126670/

['*F]FDG PET




STRUCTURAL MRI: TISSUE CONTRAST e!fam _

Various tissue contrasts :

. (Fluid-attenuated ||[1__Yer5|on recovery) for dlf‘ferent pU FPOSGS
T2-weighted air
| Tissue | T1-Weighted | T2-Weighted | Flair
| CSF | Dark Bright Dark
| White Matter | Light Dark Gray Dark Gray
| Fat (within bone marrow) | Bright Light Light
Inflammation
(infection, Dark Bright Bright
demyelination)

https://case.edu/med/neurology/NR/MRI%20Basics.htm

B N e cuCr
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MRI IN TUBEROUS SCLEROSIS em'sm

T1-weighted T1-weighted T2-FLAIR

B N e cuCr

© CIBM | Center for Biomedical Imaging



CORTICAL LESION DETECTION IN MULTIPLE SCLEROSIS e!fsm

TABLE 1 - Magnetic Resonance Imaging Sequence Parameters

. MP2RAGE FLAWS
MPZRAGE T1 Welghted Resolution, voxel size, mm? 10=10=10 1.0=10=1.0
i _ Crientation Sagittal Sagittal
Phase encoding Anteroposterior Anteroposterior
FoV, mm? 256 = 240 = 176 256 = 240 = 1592
TR/TE, ms 5000/2.98 5000/2.19
T 1, ms 700 449
T2, ms 2500 1270
Flip angle 1, degrees 4 5
FLAWS-min Flip angle 2, degrees 5 6
FLAWS: T1 weighted + fluid and white matter suppression FLAWS, fuid and white matter suppression: FoV. field of view: MP2RAGE.

magnetization prepared 2 rapid acquisition gradient echo; TE, echo time;
TI, 1 inversion time 17-T17 2 inversian time 2, TR, repetition time.

B N e cuCr

Mdaller et al., Investigative Radiology, 2022.
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STRUCTURAL MRI MEASURES em'sm _

m Total brain volume: atrophy, ventricular enlargement (e.g. in Alzheimer's disease)

B N e cuCr

© CIBM | Center for Biomedical Imaging Fehlbaum et al., Developmental Cognitive Neuroscience, (2022)



MRI IN ALZHEIMER'S DISEASE em.sm

PET Amyloid-Beta(AB) Imaging
Brain AB-plaque deposition

MRI
Neurodegeneration
A. A cognitively normal individual with no evidence of AR on PET amyloid imaging
and no evidence of atrophy on MRI.
B. An individual who has dementia and a clinical diagnosis of Alzheimer’s disease,

a positive PET amyloid imaging study, and neurodegenerative atrophy on MRI.

B N e cuCr
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STRUCTURAL MRI MEASURES ecn’sm _

m Total brain volume: atrophy, ventricular enlargement (e.g. in Alzheimer's disease)

m \Volume of specific brain structure (e.g Hippocampus: reduction in dementia)

Patient (mild cognitive impairment) Patient (AD)

____ C B M. G

© CIBM | Center for Biomedical Imaging Jack et al., Neurology, (2009)



STRUCTURAL MRI MEASURES em.sm _

m Total brain volume: atrophy, ventricular enlargement (e.g. in Alzheimer's disease)

m \Volume of specific brain structure (e.g Hippocampus: reduction in dementia)

m Cortical volume, surface area, thickness, gyrification

Local Gyrification

(\G - Surface Area )
Enclosing Area

Surface Area

[@ Cortical Surface

“T (Surface Area x Cortical Thickness)

Cortical Thickness

( ldistance from cortical to pial surface area)

B N e cuCr

Fehlbaum et al., Developmental Cognitive Neuroscience, (2022)
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STRUCTURAL MRI MEASURES IN INDIVIDUALS AT CLINICAL P\ [ g
HIGH RISK FOR DEVELOPING PSYCHOSIS %CIBm

Center for Biomedical Imaging

Cortical thickness Surface area Subcortical

FlL ome

paracentral gyrus 05 10 15 20 25

Healthy controls vs
individuals at CHR
N= 1377 vs N= 1792 fusiform

superior temporal gyrus

Low cortical thickness in individuals at clinical high risk (CHR)

Cortical thickness Surface area Subcortical

volume
Fl
0 5 10 15

L R L R L R
Control group vs
CHR-PS+ group
vs CHR-PS- group

Transition to psychosis was robustly associated with lower cortical thickness

B O I e cou.CH

ENIGMA Clinical High Risk for Psychosis Working Group, JAMA (2021)
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DIFFUSION MRI e!fsm

white matter tracts in dissected brain white matter tracts in the living brain

From: The Virtual Hospital (www.vh.org): TH Williams, N Gluhbegovic, JY Jew

TR Diffusion MR

Brownian motion of water .
m red = left-right

H
m Dblue = superior-inferior

© CIBM | Center for Biomedical Imaging http://www.humanconnectomeproject.org



DIFFUSION TENSOR IMAGING (DTl) MEASURES h!.’gm

Fractional Anisotropy (FA) mapping

High FA, anisotropic, high WM integrity

Low FA, isotropic, low WM integrity

| | (A1 = A5)2+ (A = A3)%+(A3 — Ay)? ek
m Fractional Anisotropy (FA) 203+ 25+ 13) .

— the directionality of water diffusion in brain tissue
— integrity and organization of white matter tracts

M+ + 25
m Mean Diffusivity (MD) 3

— average water diffusion in one voxel
— cellularity of white matter tracts

© CIBM | Center for Biomedical Imaging 22




DIFFUSION TENSOR IMAGING (DTl) MEASURES :c|'3rn

neonate 2 years adult

© CIBM | Center for Biomedical Imaging Deshpande et al., Front. Neuroanat. , 2015



FUNCTIONAL MRI (FMRI) em.sm |

Time [sec)

Blood Oxygen Level Dependent signal (BOLD)
Tneural activity 2 T blood flow 2 T oxyhemoglobin =& T T2* 2 T MR signal

B N e cuCr
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RESTING STATE FMRI egl'sm

enter for Biomedical Imaging

Activity Fluctuations During Rest

“Please look at the white cross in the middle of the
screen, try not to fall asleep, and let your mind wonder.”

https://en.wikipedia.org/wiki/File:Temporal-Non-Local-Means-Filtering-Reveals-Real-
Time-Whole-Brain-Cortical-Interactions-in-Resting-pone.0158504.s002.0gv

B N e cuCr
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FUNCTIONAL CONNECTIVITY egl'sm

m Temporal correlation between spontaneous BOLD signal

g
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TYPICAL NETWORKS

S N \_ - - "l.'
recuneus network

o
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Default mode network

rontoparietal attention network
LR k “% ll. :" Fﬂ;\ \ ;II N y ., L %
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Sensorimotor network
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METABOLISM: MR SPECTROSCOPY (MRS) wCiEm

: 16 .,
Energy metabolism: Myelination and membrane metabolism: H 4.5 NAA 1 Om M
1. Glucose 13. Phosphorylethanolamine : 6,7,18 14,15 / .,
2. lLactate 14. Phosphrylcholine H %,
3. Alanine 15. Glycerylphosphorylcholine ] 12,13 45 19 ‘e,
4. Phosphocreatine 16. N-acetylaspartate : *o
5. Creatine - : 16 15 " \/ 11 20
- - x 3000 \ 20(f\,
Neurotransmitters: Antioxidants and osmolytes: H /
6. Glutamate 17. Glutathione H \ “,’
7.  Glutamine 18. Ascorbate H .,
8. GABA 19. Taurine H M | | |
9. N-acetylaspartylglutamate 20. myo-inositol B
10. Aspartate 21. seyllo-inositol 5.5 5.0 4.5 4.0 3.5 ' 3.0 . 25 2.0 1.5 1.0 0.5
11. Glycine - Chemical shift (ppm)
12. Serine
Duarte et al., Neurolmage, 2012

31
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ROLE OF MAJOR BRAIN METABOLITES e!I.Bm

'H MRS
Single metabolites

Lactate (Lac) End product of anaerobic glycolysis
Marker of inflammation in the subacute phase

Creatine (Cr), phosphocreatine (PCr) Energy metabolism, PCr is a reserve of high-energy phosphates

N-acetylaspartate (NAA) No complete understanding of its function, but reduced levels with
brain injury
Possibly a marker of neuronal viability, density, and mitochondrial
function
Also present in oligodendroglia progenitors
Precursor of N-acetylaspartylglutamate

Myoinositol Osmolyte, marker of glial cell proliferation

Choline (Cho) Marker of cell membrane synthesis and breakdown, precursor for
acetylcholine

Lipids Marker of membrane degradation

Glutamate Excitatory neurotransmitter, high concentrations in neurons

Glutamine Derivative of glutamate, de novo synthesis exclusively in astrocytes

GABA Neurotransmitter with excitatory properties in the immature brain
(inhibitory in the adult brain)

Aspartate Excitatory neurotransmitter

Taurine Osmolyte, antioxidative properties, inhibitory neurotransmitter

Glutathione Antioxidant

Berger et al., Dev neurosci,(2017)

B N e cuCr
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NAA

GPC+PCho  NAAG |
Tau ¢ | ¥
.| Cr#PCr el

APPLICATION OF "H MRS

Evolution of the neurochemical profile

after ischemia (30 mins of middle cerebral ; 3 : T pem
artery occlusion) B . s
[jGPC+PCho NAA
m energy metabolism 1
3h (VOI=8.L)
m glutamate excitotoxicity S
m neuronal viability ) 3 2 1 ppm.
C Cr+PCr
}
8h (VOI=8.L) % -
= }
- D .
4;, 1‘3 '2 1' D~D-m-l
D
Cr+PCr Cr+PCr
24h (VOI=8pL) | myos

R\
I D
4 3 2 1 ppm

© CIBM | Center for Biomedical Imaging Lei et al., JCBFM, 20009.
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FUNCTIONAL MRS




'H MR SPECTROSCOPIC IMAGING (MRSI) e!I'Bm

Colormap
Guide

Metabolite
maps

Nassirpour et al., Neurolmage (2018).

© CIBM | Center for Biomedical Imaging 35



'H MRSI IN BRAIN TUMORS 2 Hydrowyglutarate mapping e!%"‘

b Cho d [2HG] map

a mM
.9
6
Cr
Cr aly NAA 3
'1\ A 2HG
- VNA I /L-.MU In vivo 0

[CHO)] map

It e iy, A aaa Arnadned Residuals

s

T T
40 35 30 25 20 ppm.

N E W
(=]

3
C 2
NAA 1
Choc
Cr : 12
fl  Mins Glu
N |
| g Wi [0 ViVO 8
PNV A - Fit

Aenmptaprr AT e Wy Residuals

T T T T

T
40 35 30 25 20 ppm

Choi et al., Nature Medicine (2012)

Tlw-7T+Segm. T1w-CE-3T

g

)

S A, 1
s":._ﬂ - 5 e
< )

-
0iU. 122 0iU.8 0iU.5 0iU.66 0iU 23 0 iU.65
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X-NUCLEI (BEYOND 'H)

.‘CI’B m

'en’rerfor Biomedical Imaging

Isotope Natural Y
abundance (10%rad-s—1771)
'Hq 0.99985 267.522 Highest sensitivity, Mostly used in MRI and MRS
‘H 0.00015 41.066
12¢ 0.989 —~
3C 0.01108 67.283
N 0.9963 19.338
15N 0.0037 -27.126
160 0.99963 —
7O 0.00037 -36.279
23Na 1 70.801
3p 1 108.394
low sensitivity,

natural abundance

© CIBM | Center for Biomedical Imaging



31P MRS e!I.Bm

Center for Biomedical Imaging

v Energy metabolites v Nicotinamide adenine dinucleotide v ATP metabolism
= ATP (adenosine triphosphate) (NAD*/NADH)
= PCr (phosphocreatine) NAD as co-Enzyme NAD as co-Substrate
PCr = Pi (inorganic phosphate) NAD Redox & Metabolic Balance | | NAD*-consuming Enzyme Activity Glucose & Ketones
Reduction of NAD* Mitochondria
v' Membrane synthesis/degradation G TS S TeA eycle and ETC
- NADH
» PME (phosphomonoester, PE+PC) Nb T o @ @
« PDE (phosphodiester, GPC+GPE) —
s . Sirtuin .
v' Intracellular and extracellular pH Y C (SRT17) PCr Creatine ATP  awase P
v [M92+] Redox state [} Tl INAD'] [ Content
Energy Production Cellular Signaling M @
pHext v Abnorr'nalities 3
pHint Mitochondrial dysfunction Energy Energy )
< a-ATP [MgZ+] Neurodegeneration Storage Synthesis/ consumption
) _ Aging ...
=] @ [NAD']  ®m[NADH] A [NAD]gu
PC NADH s
l NAD 5
S 04 2 &
5 ’S """ Findl g e
§os L S
® g
X 1 1 1 1 E 02
1 ex 5
Pi 5 0 -5 -10 -15 PPM E 01 By o0
Z 00
0 20 40 60 80
Age (year)

Zhu et al., PNAS, (2015)
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DYNAMIC X-NUCLEI MRS: METABOLIC FLUX

Glucose

ITTTTERN

N

Acety

TCA cycle

Mitochondria

© CIBM | Center for Biomedical Imaging

v

Blood vessel

—_—

Pyruvate <———= Lactate

| CoA

Glutamate

Glutamine

infusion labeled
substrate
(13C ,170,15N, ZH)

R

GIxC3
GIXC2 g Gluc4 LacC3

Time(min) 5” GInC4A HAIa’E;?’l
87.5 A A
A M " '“ M q

probe labeling time
course

i

‘en’rerfor Biomedical Imaging

oGucd| gopeseo o
4_-n GInC4 o 0 © |

Concentration [nmol/g]

0 20 40 60 80 100 120 140 160 180
Time [min]

d[P*]  [S*] [P*]
T A T

neuron TCA flux (V1can)
glial TCA flux (Vrcag)
Glu-Gin cycling flux (Vyr)

mathematic modeling
(metabolic fluxes)

39



X-NUCLEI MRS FOR BRAIN METABOLISM em.sm |

Glucose

Blood vessel O,
BBB
31p MRS Glucose
~~ TATP -/ 13C, 1P MRS

3P MRS e 2 250 Vs
Ve \»}/\% U 170 MRS

Glycerol Pyr.ate:ﬁ_’ Lactate /

NADH [\NAD"
H,0 ) )
v, k Oc 5 "\
Acetyl CoA 13C,1H,2H MRS J

31
C(_)y / CoQ (ox) H:) /P/MRS
Malate Complex | l(: .
Aspartate C I
Shuttle Glutamate 0 ATP POr
I CoQ (red) ‘ Y =
Glutamine M?j >
3P MRS , ~
~ ATP M Mitochondria
|
Cell

5 3 J — J cisumck
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TRANSLATIONAL APPLICATION IN
PSYCHIATRIC DISORDERS




Clinical characteristics of schizophrenia .4"
‘CIBITI

enter for Biomedical Imaging

Disorganization Current treatments

in behavior

#| Most invalidating

and/or thinking
Cognitive deficits:

Working memory
attention, abstraction

: ; Schizophrenia
executives functfons

Negative Symptoms :
Basic Symptoms:  Blunted affect, social
Abnormal withdrawal , poverty of
- self perception speech, loss of
- sensory-motor motivation, anhedonia...

perception

____ C B M. G

© CIBM | Center for Biomedical Imaging



2008 — 2022: NCCR-SYNAPSY (CHUV, UNIL, EPFL, CIBI\/I);‘!.’Bm

TRANSLATIONAL APPROACH

| GENETICS |

MRS (brain)
METABOLOME (blood)
TRANSCRIPTOME (fibroblasts)

PRECLINICAL CLINICAL
MORPHOLOGY (animals)
- ANIMAL MODELS MRI Clinical trials (various
(GCLM-KO) CONNECTIVITY (DSI) “ -
- DEVELOPMENT ﬁ:\?ﬁet?egt::r;i?:f)preve ntion
(Genes — Environment) NEUROPHYSIOLOGY

EEG

PSYCHOPATHOLOGY
NEUROPSYCHOLOGY
SOCIAL FUNCTIONING

BIOMARKERS for
DIAGNOSIS & MONITORING

I
I B B B ST

© CIBM | Center for Biomedical Imaging 43

PATHOPHYSIOLOGY
THERAPEUTIC TARGETS




A"
Schizophrenia vulnerability factor: ciBm
Redox dysregulation / glutathione synthesis deficit e o Bomdcal Imgig

Tripeptide: yGlutamyl-Cysteinyl-Glycine

Glutathione (GSH): endogenous redox regulator and antioxidant ) u I

- protect cells from damage by reactive oxygen species (ROS)

patients (18) controls (20)

GSH | prefrontal cortex & cerebrospinal fluid DPo&al. EurJNeurosci 2000
Decreased prefrontal

' - i Gawryluk&al 2011, Yao GSH in SZ patients
GSH ‘L n pDSt mortem brain &Keshavan, 2011, Flatow&al 2013 Double quantum
GSH synthesis genes associated with SZ B ek coherence TH-MRS

&al._ Do J Am. Hum. Gen., 2006

High-Risk GCLC genotypes - synthesis |, :  Fyom &l Do PNAS 2007 2011
GSH J levels in fibroblasts and brain ' }

B N e cuCr
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GCLC “HIGH-RISK” GENOTYPES — GSH | e!I.Bm

medial prefrontal cortex (mPFC

enter for Biomedical Imaging

glutamate
@ GAG trinucleotide repeat (TNR) polymorphisms in the
glutamate- — ene coding for the catalytic (GCLC) subunit of GCL

cysteine ligase . . _ _
(Gele-Gelm) ~ @ssociated with schizophrenia

NAA

v-glutamylcysteine

GSH 4.0 . 35 I 3.0 I 25 I 2.0 I 15 . 1.0 I 0.5 plpm
synthetase

T * % e Cirl

@

% 1 2.0 | o EP
GSH 45+ . o
- ~ 154 ©eo
840 o 1.5 oy Qg —
T35 o "4 -% (A
8 S 1 L Y (o]
- 30 3 107 . “ o
Gclm-KO mice - 7] I o
o O 25- 7)) ¢ o o©
* low brain GSH Ievels (- 80-90%) M 0.5 . * .
* resembles characteristic features of schizophrenia: ok l L * |
impaired GABAergic parvalbumin-positive interneurons 15- 0.0-
(PVI) in numerous brain regions, abnormal myelination, (7/7:7/9)\(7/8:8/8) ' | Low Risk | High Risk
behavioral anomalies (8/9;9/9)

“low risk” || “high risk”

B N e cuCr

© CIBM | Center for Biomedical Imaging Gysin et al., Proc Natl Acad Sci USA, (2007). Xin et al., Schizophrenia Bulletin, (2016).




P ot

Animal model 14T MRS allows: wCiem
»High resolution neurochemical profile along neurodevelopment * 2L N-Acetyl-Cysteine (NAC): a safe antidote
»>Predict poTenTial AN per'iod of vulnembiliTy: glu‘rama‘re/glu‘ramine for cysteine/glutathione deficiency
anomalies at peripuberty . eantioxidant
»»Prevention potentiality: N-Acetylcysteine normalizes neurochemical e reduces disulfide bonds

changes in the glutathione-deficient schizophrenia mouse model during & ™ e anti-inflammatory
development

Ea [

A Non-treated = NAC-treated Non-treated NAC-treated Non-treated  NAC-treated Non-treated  NAC-treated
(&)
& s i 3 Glutaminf———— ] GIn/Gl
% - %, 3 g§ 16 - Gluta_thlone 05 - Gluta_mat as - - utamin 05 - n_/
PCrCr — 58 =< 41 g ww otk gy | 1 1 n i P | * *
o P 12 1 pak B VA0 10 * 1 + S 35 A 1 + 0.4 4 1
(O] % /-
0.8 1 8 - E 2.5 - : 0A3-¥ 13
0.6 4 k! 7 4 4 2 4 [,/
0.4 1 1 6 1 é 15 1 g 0.2 A E
0.2 1 H\Qﬂ\-_' M 5 g 1 1
0 T T T T T T T T 4 oS +——r—mTr"T"T""TT— T T T 7T 01 +—rT—T— T 71— T T T
35: Lactate it N—acety_laspartate .. myo-Inositol ,s - Alanine
1 il 9 +
Glu+Gn B 1 *
or Glu+GIn+GSH _— 25 | ] s 4 4 - 5 i
" l »/ \\ j Difference 2 A - 71
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Longitudinal DTl in GCLM-KO: Reduced WM integrity in the fornix (hippocampus) ,
already present at peripuberty, associated with decreased conduction velocity 2m

3iomedical Imaging
14T DTI of Gelm KO during development: Electrophysiological recording:
decreased fornix integrity fornix fibers conducting slower
recording e.
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Translation from model to patient:
Abnormal fornix integrity in early psychosis patients predicted by the model
high peripheral oxidation is associated with low brain GSH levels and low hippocampal volume

Fornix gFA: DS in Fornix: decreased integrity

.-
=
=
=

2 r=204734 early psychosis .
= 80 o B
z Multimodal imaging both in model and early psychosus patients, combined
g with molecular and cellular analysis in model demonstrate:
&
9 0
Il >GSH and redox regulation play a critical role in the maturation of
nerve fibers (rodent and human)
o »WM integrity of limbic system connectivity, cingulum and fornix,
b (Coghition, memory): potential early markers?
£ =-0.2
E (P.Baumann
"_é A Griffa»
% J-P.Thiran &
g 10, P.Hagman =0.432
: s . .
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Hippocampus volume MRI Baumann &al, Transl. Psy. 2016 Hippocampus volume .o,
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S

TRANSLATION TO PATIENTS: CLINICAL TRIALS 'mBm
enter for Biomedical Imaging
Patients Animal models
»In chronic patients, «proof of @ | Deficits prevented by
concept»: NAC treatment improves antioxidants
negative symptoms & MNN and local GCLM-KO: Cabungcal 2013
synchronization Berk 2008 Biol.Psy; Biological Psy.
Lavoie 2008 Neuropsychopharm, Carmeli “Developmental NVHL: Cabungcal
2012 PlosOne 2014 Neuron (neonatal ventral hippocampal lesion)
_ o Convergence of various models:
» In early psychosis, 6 months clinical Steullet 2017 Mo.Psy.

trial with NAC leading to biomarker
guided treatment :

N-Acetylcysteine (NAC),
a precursor of intracellular cysteine and GSH
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Target engagement: NAC improved neuro-cognition in

i

‘en’rerfor Biomedical Imaging

NAC increases prefrontal GSH levels association with negative symptoms

wa Medial prefrontal cortex (mPFC)
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NAC IMPROVED FORNIX INTEGRITY egl'sm
Center for Biomedical Imaging

6-month longitudinal changes n =17
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NAC IMPROVES FUNCTIONAL CONNECTIVITY em’sm

S
»

Functional connectivity changes
=]
o

L, ° it Io . A

=
N

1
=
N

NAC — functional connectivity between anterior
and posterior cingulate T

Placebo NAC
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EFFECTS OF NAC TREATMENT IN PSYCHOSIS :m’sm

r NAC

- elevates the brain glutathione
Conus &al., 2018 Schizo.Bull.

- improves positive symptoms (patients with

blood marker of high oxidative status)
Conus &al., 2018 Schizo.Bull.

- improves the cognition conus &al., 2018 Schizo.Bull.

- improves the connectivity of nerve fibers
[ macrocircuits } Klauser &al 2018; Mullier &al 2019
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MRI PROCEDURE & SAFETY




CONTRAINDICATIONS TO MRI em’sm

m Metal implants (pacemakers, cochlear implants,
aneurysm clips, metal plates or screws) can interfere WARNING
with MRI and harm the patient.

m Pregnancy: unknown effects on the fetus.

m Claustrophobia

m Severe kidney disease may prevent the patient from STHONG MAGNETIC FIELD
tolerating the contrast dye used in some MRI exams.
NO PACEMAKERS
m  Weight limits that prevent larger patients from @ Eﬁﬁé‘%‘i’”ﬁ%ﬂ%m -
undergOing the procedure i:o"t’;és"::;m:_ OBJEGTS
m Allergic reactions or kidney disease: no contrast @ e
agents
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MRI| PRE-EXPERIMENTAL PROCEDURE

m Ask your participants/patients: empty pockets &
remove all metallic objects

m Fill in MRI safety form
m Explain the experimental procedure and consent form

m Check once more: every metallic objects are removed

B N e cuCr
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MRIACCIDENTS S

http://www.mrisafety.com N o o
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IMPORTANT BUTTONS em'sm

m  Quench button: use it only if there is an immediate risk to life

m  Emergency electricity button: only be used in emergency situations
— Power failure el
— Fire

— Patient emergency

© CIBM | Center for Biomedical Imaging



MAGNET SAFETY e!I'Bm

Magnets are always « ON » even during a power
failure

In case of quenching, open the doors, there is a risk of
low oxygen level

Don't touch the cold pipes

Report to the responsable staff ASAP, there are some
procedures to follow

Emergency call: 115

© CIBM | Center for Biomedical Imaging
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