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Molecular Connectivity

MCOS | 19th January 2024

Courtesy of Tommaso Volpi, PhD



53
o~

PET in current brain connectivity
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first EEG crosscorrelation studies
Brazier & Casby, 1952; Barlow & Brazier, 1954

first PET interregional correlation studies
Metter et al., 1984, Horwitz et al, 1964

first fMRI connectivity studies
Kleinschmidt et al. 1994, Biswal et al. 1995

first sSMRI interregional correlation studies
Woodruff et al. 1997

first DTI connectivity studies
Sato et al. 2001

first MEG connectivity studies
Gross et al 2001; Nikouline et al. 2001

first NIRS connectivity studies
Mesquita et al. 2010

(] é (] é (] ® >
I
1950 1960 1970 1980 1990 ' 2010 2020

formal definition of brain connectome
Sporns et al. 2005; Hagmann et al. 2007

MILESTONES

first description of resting-state brain networks
Cordes et al. 2000; Beckmann et al. 2005

,,,,,,,,,,,,,,,,, ‘ first description of the default mode network
Shulman et al. 1997; Mazoyer et al. 2001

| formal definition of functional connectivity
- Friston et al. 1993
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post-synaptic terminal

~GABA-A receptors
(flumanezil-PET)

Why: validity of PET

- u-opioid receptors
‘| (carfentanil-PET)

/. glutamate receptors {...)

Neuronal substrates direct

DA receptors " SHT receptors
(e.g. FLB457-PET) (e.g.WAY100635-PET)

perfus ion Dt pre-synaptic terminal
(H20-PET) _
oxygen extraction/ glucose metabolism ketone
oxygen metabolism (FDG-PET) metabolism
(02-PET) (AcAc-PET)

dopamine transporters

(FeCIT-PET)
noradrenaline serotonine transporters
transporters (MRB-PET) (SERT-PET)
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Why: validity of PET

Neuronal substrates direct

Electrical Signal

Biochemical Signal
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Why: validity of PET

Neuronal substrates direct
Reproducibility high Intra-class correlation coefficient: 0.90 (Maquet et al., 1990)
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Why: validity of PET

Neuronal substrates direct
Reproducibility high

Spatial resolution 4.3 mm

MEG (5 mm’ FNIRS {10 mm?)

EEG (15mm!

dMRI (2.4-10° neurons) - PET (2.39-10° neurons) fNIRS {3-107 neurons)
_‘* ! (1.01-10¢
SMRI (3-10neurons) —  TMRI (8.1-10°neurons)  — MEG (3.75-10° neurons. i nedrons}
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Why: validity of PET

Neuronal substrates direct
Reproducibility high

Spatial resolution 4.3 mm
Temporal resolution seconds to minutes
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Why: accurate models of brain function

STRUCTURAL FINGERPRINTS FUNCTIONAL FINGERPRINTS MOLECULAR FINGERPRINTS

tractography dMRI EEG : alpha band PET : glucose metabolism PET : dopamine synthesis PET : amyloid-beta

T1 sMRI MEG : aipha band PET : oxygen metabolism PET : cannabinoid receptors 1 PET : tau

BOLD fMRI PET : cerebral blood flow PET : serotonin transporter PET : pathology
* o. .: . ." .
o ? Sor¥el o
:‘ o . *
:t:..',. of .. . .
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Types of PET connectivity: neural activity

om post-synaptic Em post-synaptic EM dendritic

potentials (MEG) potentials (EEG)

deoxyhemoglobin .

EE (VRI)

oxygen saturation
om (NIRS)

mm perfusion ~

oxygen extraction/
oxygen metabolism
mO (02-PET)

@ molecular connectivity (PET)
@ structural connectivity (DTI)
@ structural connectivity (sSMRI)
@ functional connectivity (fMRI)
O functional connectivity (EEG)
O functional connectivity (MEG)
@ functional connectivity (NIRS)

density (sMRI)

Em glucose metabolism @O ketone
(FDG-PET) metabolism
(AcAc-PET)

m connectivity estimate available
[ connectivity estimate possible Em White matter tracts (DTI)
@ radiopharmaceutical advancements needed
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Functional Connectivity: The Principal-Component

Analysis of Large (PET) Data Sets

K. J. Frniston, C. D. Frth, P. F. Liddle, and R. 5. J. Frackowiak

however, can be Iinke-l:i at tw:; levels: (1) A u1'|ii.'1,-rin,g.'F
concept is provided by coherence [o(w)]. Coher-
ence is a measure of the correlation at a particular

frequency (w) (Cox and Miller, 1980). Conse-
guently, coherence and functional connectivity at a

frequency w [fc(w)] are directly related:

fey(w) = ay(w) = lg;(w)*lgi(w) - g;(w)

where g {w) is the cross-spectral density and g (w}
and g (w) are the autospectral densities of the neu-
rophysiological processes in guestion. Equation (4)

PET connectivity = functional connectivity
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post-synaptic terminal

B0 GABA-A receptors
; (flumanezil-PET)

Types of PET connectivity

-~ EM u-opioid receptors

om post-synaptic mm post-synaptic WM dendritic (carfentanil-PET)

potentials (MEG) potentials (EEG) density (sMRI)

/. @@ glutamate receptors {(...)

EM DA receptors il SHT receptors

deoxyhemogIObin FLB457-PET _

mm (VR) (e.g. ) (e.g.WAY100635-PET)
oxygen saturation __

om (NIRS)

pre-synaptic terminal

mm perfusion ~
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W DOPA decarboxylase

(H20-PET) \I:_—_x\\\\

oxygen extraction/ EM glucose metabolism @I ketone
oxygen metabolism (FDG-PET) metabolism

m0O (02-PET) (AcAc-PET) ANl \| S RN

@ molecular connectivity (PET)

(DOPA-PET)

----------- @Em Synaptic vescicle

glycoprotein (UCB-J-PET)

Em dopamine transporters

FeCIT-PET,
M@ structural connectivity (DTI) S ' (FeC )
B structural connectivity (sMRI) m connectivity estimate available | o
| functional connectivity (MRI) [ connectivity estimate possible Em white matter tracts (DTI) @m0 noradrenaline @m serotonine transporters

I functional connectivity (EEG) @ radiopharmaceutical advancements needed transporters (URB-PET)

O functional connectivity (MEG)

@ functional connectivity (NIRS) MCOS | 19th January 2024
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Types of PET connectivity: neurotransmission - basics

HC Major Depression
Projection

5-HT,, ¥

Projection
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Correlation coefficient r (p<0.001)
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B0 GABA-A receptors
(flumanezil-PET)

Types of PET connectivity

BN tay tangles M amyloid plaques
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om (NIRS) microglia
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pre-synaptic terminal

mm perfusion ~
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Types of PET connectivity: proteinopathies - basics

Synaptic-Modulation of Tau Pathology Propagation

o t0 t1
Co-culture assay Mini-circuit assay

Functional connectivity associated with tau covariance
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Calafate et al 2015, Cell Reports Franzmeier et al., 2019 Brain
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Summary: Methods U

Seed-based inter- Connectivity ma Seed (atlas,
regional ROI (Seed) y map ROI -> voxel granularity),
. of the seed :
correlation Metrics
Algorithm
Independent Components - '
. : Number &
Component Whole-brain (Resting-State voxel -> voxel :
. Selection of
Analysis Networks)
Components
. Algorithm,
Principal
: Components voxel -> voxel Number &
Component Whole-brain .
. (Patterns) Selection of
Analysis
Components
ROIs (coverage
ROI-to-ROI ROIs (Circuit to Graph / ( 25
: . ROI -> RO atlas, granularity),
Correlation whole-brain) Connectome Metrics
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Approaches: intra-subject
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Approaches: inter-subject
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Approaches: equivalent?
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Approaches: equivalent?

fMRI
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Metabolic and Hemodynamic Resting-State
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Approaches: equivalent?

ADNI dataset

FDG-PET: n= 72 healthy controls
(5-9 scans available)

80 FDG PET
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Courtesy of Xin Di, PhD



Molecular connectivity: what is left to do?

Nomenclature

53

Validation

Cross-modal
integration

MCOS | 19th January 2024

29

b

_



Molecular connectivity: what is left to do?

Nomenclature

!

Consensus meeting
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Validation
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Molecular connectivity: what is left to do?

Nomenclature

53

Validation

Cross-modal
integration
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Validation

Robust, precise

and reproducible Matches gold-standard

0

AT X e
2 "I 4 - S 4
st t =1
as 2 A '\ S aw
1/ A\ Q
as 2 g =
2 (]
/ 1, B P—
"' | G>J )
o y ~
C
/ \ g .
LS ‘.' .“. S——
" e ~—
L} ,~" 4 “. ™
/
o N\ e SCFC 1% SCGMVooY 3T%
~ e SCFDGO0Y 8% By Chance 27T%
g ...... —— b . —— 10 . . .
3 s ' 03 : o s ) L 73 68 70 72 74 76 /] 80
['*FIFDOPA

Sparsty (%)

Lizarraga et al.,
2023, ] Cereb Blood
Flow Metab

Veronese et al.,
2019, Sci Rep

. Mattia Veronese

Igor Yakushev

MCOS | 19th January 2024

Systematic review & gap

Ir'\ﬂl\ll'\;t'\

Martin Deborn Flisa Carlo

Mattia Joana
Veronese Percira
+ team (Mario Severino & Zhilei Xu)

Noergaard Peoretti Cavaliere

- . ,
’
¢
- \
. |
e ) :
i - . “~- .
Alessandra Danielo Gabriel Danlel
Talmasov

Tommaso Volpi

Sertoldo Perani Gonzalez

Escamilla

Best methodological
practices 2



Molecular connectivity: what is left to do?

Nomenclature .
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Cross-modal
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Cross-modal integration

STRUCTURAL FINGERPRINTS FUNCTIONAL FINGERPRINTS MOLECULAR FINGERPRINTS

tractography dMRI EEG : alpha band PET : glucose metabolism PET : dopamine synthesis PET : amyloid-beta

T1 sMRI MEG : aipha band PET : oxygen metabolism PET : cannabinoid receptors 1 PET : tau

BOLD fMRI PET : cerebral blood flow PET : serotonin transporter PET : pathology
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