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GIN

a center dedicated to

fundamental and clinical research
in the field of neurosciences

OUR MISSION

Understanding the brain
and developing innovative therapies
for nervous system diseases

OUR STRATEGY

A research continuum from molecules,
cells to small animals and humans for the
study of neurological, neuromuscular and
psychiatric pathologies

OUR STRENGTHS

/" Molecular and cellular biology of the
neuronal cytoskeleton

/' Predictive models of cerebral pathologies

/" Mapping of neural networks and their
alteration in neuropsychiatric disorders

/- Functional neurosurgery and deep brain
stimulation

/" Functional MRI coupled with
electrophysiology



UP TO 250 NEUROSCIENTISTS

/ 39 Researchers
/ 19 Clinicians

/ 55 Postdocs and PhD
Students

/ 34 Research Professors

/ 57 engineers and
technicians
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RESEARCH TOPICS AND EXPERIMENTAL APPROACHES

/ Fundamental neurosciences / Pre-clinical and clinical research / Innovative technologies and
treatments
Cytoskeleton, Int llular traffi Mulltig[sci;l)?/inary app/jo/a S
oskeleton, Intracellular traffic, ; including human social sciences,
Synaptic plasticity, Mechanisms Developing tools and concepts and methodological developments
S

udied in normal and pathological Close links with networks such as (optogenetics, reconstruction of

conditions (neurobiological diseases, neural networks,
neurodegenerative diseases, myopathies) GREEN, Neuropsynov, NeuroCoG...

electrophysiology...)
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La science pour la santé
From science to health

Superior Colliculus Dysfunction
as a potential biomarker of
Parkinson Disease

Michel Dojat

michel.dojat@inserm.fr



A brief introduction to PD-1

*» Degenerative disease

+* 10 million cases worldwide

< Loss of dopaminergic neurons inthe substantia nigra

+» Perturbation of other subcortical structures
¢ Multifactorial: genetics, environment, ...

“* Pre-motor (silent) phase
* Motor phase leading to handicap

symptoms

Time / stage of the disease

Hoehn & Yahr stage | I m v \'

* No cure, but symptom management

M !nserm



Degree of disability

A brief introduction to PD-2

Prodromal
Parkinson disease

Onset
of motor

symptoms

Motor symptoms
D Non-motor symptoms

Early-stage Mid-stage Late-stage
Parkinson disease Parkinson disease Parkinson disease
Institutionalization|

1
1

Death

Diagnosis
of Parkinson
disease

Poewe et al, 201
Nat Rev Dis Primers

Time (years)
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Degree of disability

A brief introduction to PD-2

Prodromal
Parkinson disease

Onset
of motor

symptoms

Which early biomarkers

Motor symptoms
D Non-motor symptoms

Early-stage Mid-stage Late-stage
Parkinson disease Parkinson disease Parkinson disease
Institutionalization| Death

Diagnosis
of Parkinson
disease

Poewe et al, 201
Nat Rev Dis Primers

Time (years)
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PD: Loop Deregulation

Sensory Motor Sensory, Motor Sensory Motor
input output input output input output '
Cerebral Ex Ex | Subcortical | | Subcortical
EX cortex | 7 | structures | structures
f inhibition

In

In -EX l

McHaffie et al Trends in Neurosc 2005

In

Colliculus => multi-sensory structure
Parabrachial complex => nociception
Pedunculopontine nucleus => gait control

Periaqueductal grey nucleus => nociception & avoidance behavior

i Inserm 9



The Colliculus

Superior Part _

Vision

—_—

Lower Part

—_—

Multi-
Modalités

Parabigeminal

FEF, LIP

PAG

Retina g
—> e G Pulvinar
V1 etal. i b 3 S ->MT/V/5
Cortical — **. “_  Selection
& | LSS of visual target
subcortical  sa Al Directing attention
regions et Th¥
(SN, PPN,\, s Motor output neurons
cerebellum .. e, g
) Sl Lot

The SC has evolved to provide the brain with the location of targets and
threats in the peripherical world.
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Superior Colliculus

- Receive information directly from
the retina

- Occular saccades control

- Attention focalisation

- Novelty detection

i ?
- Plannificiation and decision Dysfunction due to PD?

i !nserm



Superior Colliculus

Dysfunction due to PD? Yes in PD Rat’s model

V. Coizet (CR, GIN)
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fMRI in Human - |

Some methodological difficulties
- small structure ( =10 voxels, 3T) => 1.5mm?3
- close to vein => Heart Rate signals as covariate of non-interest
- rapidly saturated

125 125%4 =485 12s 12sx4 =485 125 125x4 =485 125

RUN 1

RUN 9

7

/ "_L‘ !\ v
Bellot et al. Neuroimage 2016
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fMRI in Healthy Subjects- Il

12s 125 12sx 4 =48 12s 12sx 4 =48s 12s
1 00 |3 905 | 1% | 50 | 30% 3% | 5% | 1% | 9%
fixation fixati fixation fixation

RUN 1

RUN 9

P oo,
{ g N

Bellot et al. Neuroimage 2016

b —=— Young " N=30
) 10|~ Middle Age -
—— Elderly - 5
erly // — .
o /"_ —
ey =
8 7
© 7 b
=
el
»r
@
S 6
)
5
=
g 4 2
¢ /62° s
2
. Cc
™(c+0)
0 1 1 I I
0.05 0.10 0.15 0.20

Luminance contrast

fi Inserm 14



fMRI in Healthy Subjects- Il
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fMRI in PD Subjects

Moro et al. Ann Neuro 2020

N=22

— PD de novo - - = Controls

A Superior colliculi

Controls vs PD de novo

B Lateral geniculate nuclei

C Primary visual cortices
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Dynamic Causal Modelling - |

How information is processed?

/ Vl\ 14 models
£ 08 /
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Bellot et al. NeurolmClin 2022
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Dynamic Causal Modelling - Il

How information is processed?

PD effects of functional connectivity?
Effect of L-Dopa treatment?
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Dynamic Causal Modelling - Il S

Pivotal role of CS in controls and PD patients
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Conclusion

* In de novo Patients
Function role of V1 is preserved

Functional deficit of CS
Functional deficit of LGN

No functional restoration with 6-months L-dopa treatment

Non conscious deficit
Which Psychophysical tests for the diagnosis of such a deficit?

i Inserm
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Scene perception

Brain construction of stable vision of the world

What’s happen during

Saccades?

Post-saccadic
retinal image
(Fixation 2)

Active perception
mechanism suppression?

Intra-saccadic
motion streak
Pre-saccadic

retinal image

(Fixation 1)

! Inserm o1



Motion perception during saccadic
- eye movements

@ Visual pathways

Eric Castet and Guillaume S. Masson A2 © 2000 Nature

Is effective when

v’ stimulus optimized to preferentially activated

the magnocellular pathway
(motion detectors sensitive to a
restricted range of spatio-temporal frequencies)

Stimulus : spatio-temporal progressive wave of low spatial frequency (0.17
cy/°) and high velocity (360 °/s) moving in the same direction as the saccade

Psycho-physique
experiment

0.17 cy/°

i Inserm 2



o gipsa-lab

=
Cortical support of this perception? |
PhD G. Nicolas “”‘
Coll. A. Guérin-Dugué — PhD: G. Nicolas "\ NeuroCoG
‘ Université Grenoble Alpes

» Hypothesis H1:

 Implication of V1-V2, MT-V5 when subjects see the motion of the
stimulus during the saccade.

 Methods:

* 49 participants
« EEG, ET, MRI

EEG
RMaGe < ”SEZ-:'
A

MRI Eye-tracking

C

64 sensors s ®at g

Nicolas et al
HBM 2022
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Protocol

> Condition of interest : perception of the stimulus motion with stimulus moving from left
to right

> Control condition : no perception of the stimulus motion with stimulus moving from
bottom to top
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Magnocellular pathway involvement

V1_Julich_MainSacc

StimDetect
CtrINoDetect

Lambda response revealing this visual

scene change (peak 165 ms) reveals discrimination
processes between an

7 V2_Julich MainSace - ey nected and an unexpected

stimulus (peak 240 ms)
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Nicolas et al JOV 2021

Amunts et al., (2020)

Time [sec]
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Conclusion

» These findings could provide an additional argument in favor of the
perception of motion during saccades.

« Magnocellular pathway activativation.

 In normal condition, what’s happen in PD?

» Hypothesis H2: Intra-Saccadic Motion perception is altered in PD patients

» Two students A Deverin (June-Sept 2021) & P. Perelle Avr-duly 2022 have improved
the Stimulus presentation

 Master 2023:

- Intra-saccadique motion perception; Acquisition and analysis of oculometric signals

it !nserm 26



PD & Hallucinations

What we know

- Frequent: 20— 40 % (Diederich et al Nat Rev Neurol 2009)
- No fully due to adversariel effect of L-Dopa
(Fénelon et al Neuro 2006, Fénelon et Alves J Nerol Sci 2010)
- Associated to dementia risk
- Associated to sleep disorders (cf I. Arnuff)
- Visual, Presence feeling, Multi-modal

What we hypothesis
- Due to perceptual and attentional deficits

i !nserm
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DMN, VAN & DAN & Vision

Default Mode Network

Ventral Attention Network

Dorsal Attention Network

Posterior
Cingulate

Medial
Prefrontal

Hippocampus

Task-independent thought
Mind wandering

Superior
Frontal Temporo
Parietal

Junction

Anterior
Insula

Mediate activation of other networks
Engages attention to salient stimuli

Frontal
Eye Fields

Superior
Parictal

Extra
Visual

Voluntary orienting
Cognitive information processing

M !nserm
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Neural mechanisms for Visual Hallucinations

Impairement communications between DMN, DAN & VAN

driven by visual
DAN ) hallucinations

DMN

driven by
mental imagery

Neuromodulators

DA/ACh ™. ted
SHT ¥e¢

|

Visual Object Input

l

Primary Sensory Organ
{e.g. Retina) 85

€ 11, IV & VI nuclei

4

RAS 7

[Shine et al Prog NeuroBio 2015]

Itn®

Thalamic Relay
(e.g. LGN)7o/o12

MLF —<

3

-

PD/DLB

- D

Primary Sensory Cortex
(e.g. v1) €, M, A5, PCA

Superior Colliculus

,PD

/

|

Amygdala PD, 715D

l

3

DAN

PD/DLB . _

i Inserm
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Decision criteria

liberal

Object does not exist

TP

Conservative

Criterion

Object exists

hit

FP° FN
miss false alarm
Lack of awareness HV

I Inserm
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Role of SC in Decision Criteria

‘Yes''No' Decision Task [Crapse et al Neuron 2018]

Baseline . /7

in=72 1= : P e
4 target 200ms 4cue B0 ms 100 ms 4 saccade ’f/
r ’,:rfi:n«zir;‘gConserva?ive (\ ?rfi:nei:gl_iberé,v
%I/loo?her' % ' "'\u\“ '
- n=30 ""I n=42 L_
Activity difference decreases Activity difference increases

Manipulation of SC activity alters the decision criteria
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Hallucinations in PD

 H3: More Alteration of SC => More Hallucinations
[Dolgov & McBeath, Behav Brain 2005]

M !nserm

33



Future study

e Test PD w. and wo. HV
« Compare to HC age paired

- ® 1920x1080

27”

Anna Castrioto
Eugénie Lhommeée

'IH' !nserm 34



Other early biomakers —I - Structural

# No Structural Differences Are Revealed by VBM in 'De Novo' Parkinsonian Patients

Verénica Muiioz Ramirez™®, Florence Forbes®, Pierrick Coupé®, Michel Dojat®

MEDINFO 2019

Structural T1-w MRI of:
* 144 de novo PD patients (age: 61.30 + 9.06; sex: 53 F, 91 M)
* 66 healthy controls (age: 60.12 £ 11.39; sex: 23 F, 43 M)

acquired with a 3T Siemens Trio Tim scanner
p mgm,

) ’*EA

% G',‘

© 2019 International Medical Informatics Association (IMIA) and 10S Press.

Jena University

;{% volBrain

GM modulated WM modulated

IBIME, UPV, Spain
LaBRI, Univ. de Bordeaux, France

Subcortical
structures

PARKINSON'S
PROGRESSION
MARKERS
INITIATIVE

Manually segmented
SN

H !nserm
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Other early biomakers -ll - Structural

Preclinical and

Early-stage

Moderate to

Image modality Region prodromal PD PD late-stage PD
T1-weighted structural MRI NA + ++ L
Dopaminergic PET/SPECT Striatum + +4++ LN
Non-dopaminergic PET NA e ++ ++
Metabolic and network imaging NA +++ e ++4
I[ron-sensitive MRI SN + ++ F++
Free-water imaging aSN — - ++

pSN Tk +++ +++
Neuromelanin-sensitive MRI aSN - - ++

pSN e +++ +++

Mitchell et al. Jama Neuro 2021

Imaging modality

Disease-state biomarker

Progression biomarker

Clinical application and
potential limitations

T1-weighted structural MRI

Potential disease-state

biomarker in preclinical,

prodromal, early-stage,
and moderate to
late-stage PD

Potential progression
biomarker in early-stage
and moderate to
late-stage PD (detected
>18 mo)

PD-specific progression effects
require long follow-up periods

i !nserm
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Other early biomakers -lll - Structural

Subtle differences
‘ Few-shot learning

i !nserm



Other early biomakers -lll - Structural

Subtle differences
‘ Few-shot learning

Variational Auto-Encoder
~ DTI (MD, FA)

A)

Input Encoder Decoder Output
Training on ﬁS{BOWLENECK@—[
healthy subjects 10xtox12g  x10x128 SI0128 4358128
19x37x64 28x17x64
(Tr: 41; Te: 15) 38x73x32 57x35x32
75x145x2 116x72x2
1.0 —
0.9 =
Reconstruction PD os =

0.7

Anom:I?:Legzection §Z: l} h“ﬁ * **; mh‘ iﬁi H ﬁj# ﬁﬁ b m ﬁ

o4
03
0.2

0.1

F
Temporal
Parietal
Occipital
Cing./Ins.
RN

SN

STN

C. Callosum

Hemisphere
Subcortical
White Matter

Munoz-Ramirez et al. Art Int Med 2022
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Other early biomakers -1V - Structural

A
> |1xq - X113

1 ~e NSiry (
z
Encoder —> latent — Decoder
| representation

) ° .
o ° . e 4, % e
o e * . e *
|2. OC-SVM decisior MMST density
&/ boundary estimation

Pinon et al. Isbi 2022
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Other early biomakers —-IV — Resting State &

Functional Connectivity Graph

1) Detection of graph structural pattern
associated with different nodal-statistics on each graph

.% A global metric: orthogonality score

nodes € nontrivial classes

Objective: Brain functional
connectivity
differentiation

networks

clustering coefficient stractural Og
pattem number of nodes
. Og(.% )= 0.5
FoNS, )

degroe stroctursl pattem *a class is trivial if it only contains one node

2) Classification based on
orthogonality scores curves

—— Comanous Patient

4) Group re%mnal characterization
nodal roles dete

ction in structural pattern across multiple graphs

A local metric over group: nodal percentage of
participation in non trivial classes

Yv e V

graphs | v € nontrivial classes

5) Group discrimination and
regional perturbation detection

- Occipital_Mid_R

Frontal_ﬂid_L
Fromal_lm_TB'_R ‘ﬂnqular_l.

ParaHippocampal_R

%upraMarginal_L L

® o o0 o000 o

PP(v) = graphs € class

’P'P(.): 0.3 role depends on graph instance
PP( . )= 1.0 role is highly shared in the group
PP( . )= 0.0 role is very specific

A 4

— y=0.2x+0.4 r' 4 -
R-value: 0.2
L]
L) ® o L ] L]
SOmoonm® 0 o

G000 00 0 00
Frontal Sup_| l?'Fronlal_lnl_Orb_R
tsé Pari€tal_Sup_L
‘mgual_R
Participation in HCP

Participation in Cnmnlosc Patients

Carboni et al Phy Lett E 2013

PD patients w. wo HV
Marques Ana P Park Dis 2020
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