amU 1w

Marseille Université Nneurosciences

N2 Master's research project

Weurodeuelopmental herwtype

Supervised by Antoine Lefrere and Christine Deruelle, §|%

Collaboration with Julien Sein

Presented by Léane Petitgas
CanoP | 2025




H- Magnetic Resonance Spectroscopy (MRS)

e Analyses the chemical composition using hydrogen nuclei signals

Generates spectra that represent metabolite level

Each peak = one metabolite

Quantification via peak integration or curve-fitting

Referenced to an internal reference or external phantom.

MRI-scanner
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Lactate (Lac) 1.3 ppm Anaerobic metabolism
N-AcetylAspartate (NAA) 2.0 ppm Neuronal integrity
Glutamate (Glu)/ Glutamine (GIn) / GIx / GABA 2.1-2.5 ppm Excitatory and inhibitory neurotransmission
Aspartate (Asp 28 ppm caciatory neurotranamissio
Creatine (Cr) 3.0 ppm Energy metabolism marker
Choline (Cho) 3.2 ppm Membrane turnover and cellular density
Taurine (Tau) 3.4 ppm Amino acid derivative and neurotransmitter
Myo-Inositol (m-Ins) 3.5 ppm Glial function and osmoregulation




Literature Review- =

Bipolar disorder : (i//ﬁb
A

Chabert et.al (2022) : meta-analysis of MRS (N= 873 BD, N=800 controls).

@ . Alteration in tNAA levels in depressive and remitted patients — impairments in neuronal plasticity
. GIn levels in remitted patients (only in the ACC) —— due to the euthymic periods

Tannous et.al (2021)= children and adolescents (N=24 BD, N=25 controls).

@ o tNAA levels — cither neuronal alterations or mitochondrial dysfunction.
. tCho levels ——» phospholipid metabolism dysregulation, essential for cell membrane integrity.



Literature ‘Review
Neurodevelopmental disorders :

Derbyshire et.al (2023)

Schizophrenia

tNAA levels
tCho/Cr ratio levels

Autism Spectrum Disorder

tNAA levels

GABA levels
Glu levels

tCho levels

Extremely Preterm newborn

tCho/Cr ratio levels
tNAA/Cr ratio levels

ADHD/Dyslexia

tCho levels

( all brain

(3 L (RN
G
A

Cheong et.al (2016) @




© Objective

Characterize the neurodevelopmental phenotype in BD using MRS, aiming to identify biomarkers
through metabolite analysis.

iy °
v ‘Hypothesis

e
‘%’iﬁ? Neurodevelopmental load

o t N-AcetylAspartate (tNAA) levels

, . tCholine (tCho) levels
= marker of greater severity

= marker of neurodevelopment

. Glutamatergic levels
= marker of greater severity

Chabert et.al (2022) Tannous et.al (2021)




NEMO Cohort:

Recruited at the Bipolar Expert Centre, Sainte-Marguerite Hospital.

Population of 120 bipolar patients, no control.
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Bipolar patient

N =120
MRI data
N =108
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Control quality
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Median age at 35 years old (18-59)
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NEMO Cohort:

Inclusion Criteria

HUOUWH
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e Aged 18 to 60 years,

e Have received a diagnosis of BD-
, BD-Il or BD not otherwise
specified, according to the
diagnostic criteria of the DSM-V.

Exclusion Criteria

\_ /

Presence of symptomatic or unstable
physiological or medical conditions,

Comorbid ASD or SC/Z,

History of severe head trauma,

Comorbid neurological disorder,

Moderate to severe substance use disorders,
Being under guardianship,

Inability to provide informed consent,
Insufficient command of the French language.




NDP load measurement:

Continously :

Age mere birth Age Pere birth Bip<i18ans Tanx <16ans TCA<16ans TLU<18ans Trauma_CTQ TDAH_WURS Th_dys NDP_load

0 0 1 A 1 h 1 h 0 1 1 0
0 0 0 0 1 0 1 1 0
:  Total score
absent _] - present j -



NDP load measurement:

Continously :

Age mere birth Age Pere birth Bip<i18ans Tanx <16ans TCA<16ans TLU<18ans Trauma_CTQ TDAH_WURS Th _dys
0 0 1 1 b 1 h 0 1 1 0
0 0 0 0 1 0 1 1 0
j i  Total score
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Imaging

3.0 T Siemens MRI
SVS (Single Voxel Spectroscopy)
PRESS sequence (Point RESolved Spectroscopy)
Right and Left PreFrontal Cortex (40 x 10 x 20 mm?3)
Saturation band on the bone
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Data analysis
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LCMadel (Version 6.3-18) Copyright: 5.W. Provencher, Ref.: Magn. Reson. Med. 30:672-679 (1993). 14-December-2024 16:08

Conc. W5D /Cr+PCr Metabelite
0.000 999% 0.000 Ala
0.303 111w &.3E=02 Asp

\_

LCModel software (water as reference)
Correction of different tissues (GM, WM, CSF)

/

Quality control

\_

Spectra control + voxel placement :
103 patients
Metabolite fitting :
GIn, Glu, GIx, mlns, tNAA, tCho and tCr

2.901 T G.606 Cr
1.889 10% 0.394 PCr
1.480 21% 0.309 GABA
0.000 999% 0.000 Gle
0.699 56% 0.146 Gln
5.146 :17 1.074 Glu
1.669 2 3 0.348 GPC
0.000 959% 0.000 PCh
1.404 10% 0.293 GSH
3.679 51 0.768 Ins
0.788 d41% 0.164 Lac
6.928 1 1.446 HAR
0.316 BO0% 6.6E-02 HAAG
.55E-03 B32% 9.5E-04 Secy
0.436 67% 9.1E-02 Tau
0.000 999% 0.000 -CrCH2
1.669 2 ) 0.348 GPC+PCh
F.244 <512 HAA+HARG
4.751 11 1.000 Cr+PCr
5.845 2% 1.220 Glu+Gln

0.000 939% 0.000 Liplia

1.247 16% 0.260 Liplib

0,336 45% 7.0E-02 Lip0%

7.484 16% L.562 MHO9

0.188 Bén 3.9E=02 Lipid

11.414 16% .

0.000 959% 0.000 MM12

9.291 21w 1.939 MM1l4

3.107 3N 0.564% MM17

1,347 16% 0.260 Lipl3a+Liplib
10.538 19% 2,200 MM14+Lipl3a+L
7.820 15% 1.632 MMOS+Lip0%
11.602 15% 2.422 MM2O+Lip20
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Chemical Shift (ppm) pata shift = 0.014 ppm
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Provencher S. W. (2001) @



Sensibility Analysis

4 N 4 N

LCModel software : Osprey Software :
. Most used in MRS, L e hore recent,
e Reliability and reproducibility ° Q |ss|.ue segmlentatlc?n,
*  Quallty control metrics Sim;I?filéﬁcdoar’]tg%anr:grirrlmzsiout
o / - /
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Results

Relationship between NDP load and metabolite level
Continously :
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Results

Relationship between NDP load and metabolite level

Continously :
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Left PFC

tCho-CPF_L

tCho

Results

Relationship between NDP load and metabolite level
By _group:

p=0.019

non-ND



Right PFC

Relationship between NDP load and metabolite level j
By _group:

tCho-CPF_R

non-ND
NNNNNNN

Glu Glx GIn

Glu-CPF_R p=0.043 SHESEiR | _ p=0.029 Gin-CPF_R P= 0.029

non-ND ND non-ND ND
DDDDDDD NDP load

*cofactors correction @



Results

Relationship between NDP load and metabolite level

LCModel - Clermont Ferrand

Left PFC

&@

Right PFC e Glu

j o (5lx
e tINAA
e tCho




Results

Relationship between NDP load and metabolite level

LCModel - Clermont Ferrand Osprey

Left PFC

Q@

<eft PFC
Right PFC

J + tCho

e tCho

Right PFC e Glu

j o (5lx
e tINAA
e tCho




DiIscussIion

BREA

%< Neurodevelopmental load :
» /'NDP load, \ tCho levels in the bilateral PFC
e tCho in MRS : indirect marker of membrane integrity, cellular turnover, and neuroplasticity.
. \ tCho C_? disruption in membrane metabolism and plasticity.

e Also found in pediatric BD AND in neurodevelopmental disorders (ASD, ADHD, Scz).

° / tCho levels in premature newborns Cq better 1Q, verbal functions, memory

Cheong_et.al (2016) @




DiIscussIion

BREA

%< Neurodevelopmental load :

N\

. /" NDP load, /" tNAA, Glu, GIn and Glx levels in the right PFC

e Glu, GIn, GIx: reflection of excitatory neurotransmission.
e tNAA: marker of neuronal integrity and metabolism.

o / Glu/GIn/GlIx + tNAA Ca increased neuronal metabolism AND excitatory hyperactivity

e Difference in tNAA (continous) and GIn (categorical) cofactors correction.

e Also found in BD and neurodevelopmental disorders (ASD, ADHD, Scz)



DiIscussIion

Strength

Classical categorisation of BD

BD-I, BD-II - no associated metabolites
NDP stratification = better biological relevance

NDP analytical approach

Stable results with continuous // categorical approach

Sensibility analysis

Analysis confirmed with 3 different MRS software

Limits

e Caution in Glu/GIn/GIx and tNAA interpretation
(located only in the right PFC + not confirmed with

Osprey)

 No control group

e Not all metabolite



Conclusion

o \ tCho levels in bipolar patients with a neurodevelopmental phenotype.

(_7 Biomarker of the neurodevelopmental phenotype

N

: b/' e Glutamatergic and tNAA anomalies are promising but require confirmation.

@  Identify earlier and better target interventions for BD with neurodevelopmental forms.

.;@):.  Validating the NDP score as a clinical stratification tool
e Preclinical models

e Investigate the relationship between tCho levels, structural connectivity and
cognitive metrics
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