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Premise
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Connectivity
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Molecular Connectivity

Courtesy of Tommaso Volpi, PhDMCOS | 19th January 2024 4



PET in current brain connectivity
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1950 1960 1970 1980                                    1990       2000                                  2010                                    2020

first EEG crosscorrelation studies
Brazier & Casby, 1952; Barlow & Brazier, 1954

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

formal definition of functional connectivity
Friston et al. 1993

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

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

first NIRS connectivity studies
Mesquita et al. 2010

first DTI connectivity studies
Sato et al. 2001

first sMRI interregional correlation studies
Woodruff et al. 1997

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

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

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

EEG MEG NIRSDTI sMRIPET fMRI

M I L E S T O N E S

Sala et al., 2023 TICS

PET in the history of brain connectivity
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Why: validity of PET

Neuronal substrates direct

perfusion 

(H20-PET)

oxygen extraction/ 

oxygen metabolism

(O2-PET)

glucose metabolism 

(FDG-PET)

DA receptors 

(e.g. FLB457-PET)

serotonine transporters 

(SERT-PET)

5HT receptors 

(e.g.WAY100635-PET)

u-opioid receptors

(carfentanil-PET)

GABA-A receptors 

(flumanezil-PET)

noradrenaline 

transporters (MRB-PET)

glutamate receptors (...)

post-synaptic terminal

ketone 

metabolism 

(AcAc-PET)

dopamine transporters 

(FeCIT-PET)

pre-synaptic terminal
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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

Courtesy of Igor Yakushev, MD, PhD

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

Courtesy of Igor Yakushev, MD, PhDMCOS | 19th January 2024 11



Why: validity of PET

Neuronal substrates direct

Reproducibility high

Spatial resolution 4.3 mm

Temporal resolution seconds to minutes

Courtesy of Igor Yakushev, MD, PhDMCOS | 19th January 2024 12



Why: accurate models of brain function

Sala et al., 2023 TICS
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Why: accurate models of brain function
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perfusion 

(H20-PET)

oxygen extraction/ 

oxygen metabolism

(O2-PET)

deoxyhemoglobin 

(fMRI)

white matter tracts (DTI)

dendritic 

density (sMRI)

post-synaptic 

potentials (EEG)

post-synaptic 

potentials (MEG)

oxygen saturation 

(NIRS)

glucose metabolism 

(FDG-PET)
ketone 

metabolism 

(AcAc-PET)

functional connectivity (EEG)

functional connectivity (MEG)

functional connectivity (NIRS)

structural connectivity (DTI)

structural connectivity (sMRI)

molecular connectivity (PET)

functional connectivity (fMRI)

connectivity estimate available

connectivity estimate possible

radiopharmaceutical advancements needed

Types of PET connectivity: neural activity

Sala et al., 2023 TICS
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Types of PET connectivity: neural activity - basics

Horwitz et al 1984, J Cereb Blood Flow Metab

PET connectivity ≈ functional connectivity
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Types of PET connectivity

Sala et al., 2023 TICS
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Raphe
nuclei

Raphe
SERT ↑

Raphe
5-HT ↓

Raphe
5-HT1A

activity ↓

Raphe
firing ↑

Projection
5-HT availability ↑

Projection
SERT ↑

Projection
5-HT1A ↓

Hahn et al 2014, Hum Brain Mapp

Types of PET connectivity: neurotransmission - basics

Courtesy of Andreas Hahn

More on humanbrainmapping.org - OHBM 2021 Meeting 
Symposium: PET Imaging of Brain Connectivity: Hype or Future?

HC Major Depression

MCOS | 19th January 2024 19



perfusion 

(H20-PET)

oxygen extraction/ 

oxygen metabolism

(O2-PET)

deoxyhemoglobin 

(fMRI)

white matter tracts (DTI)

dendritic 

density (sMRI)

post-synaptic 

potentials (EEG)

post-synaptic 

potentials (MEG)

oxygen saturation 

(NIRS)

glucose metabolism 

(FDG-PET)

DA receptors 

(e.g. FLB457-PET)

serotonine transporters 

(SERT-PET)

5HT receptors 

(e.g.WAY100635-PET)

u-opioid receptors

(carfentanil-PET)

GABA-A receptors 

(flumanezil-PET)

noradrenaline 

transporters (MRB-PET)

glutamate receptors (...)

post-synaptic terminal

pre-synaptic terminal

ketone 

metabolism 

(AcAc-PET)

functional connectivity (EEG)

functional connectivity (MEG)

functional connectivity (NIRS)

structural connectivity (DTI)

structural connectivity (sMRI)

molecular connectivity (PET)

functional connectivity (fMRI)

connectivity estimate available

connectivity estimate possible

radiopharmaceutical advancements needed

synaptic vescicle 

glycoprotein (UCB-J-PET) 

dopamine transporters 

(FeCIT-PET)

DOPA decarboxylase 

(DOPA-PET)

Types of PET connectivity
amyloid plaques 

(florbetapir)

tau tangles 

(flortaucipir)

α-synuclein(...) activated 

microglia 

(PK11195-PET)

reactive 

astrocytosis 

(deprenyl-PET)

Sala et al., 2023 TICS
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Types of PET connectivity: proteinopathies - basics

Calafate et al 2015, Cell Reports
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Franzmeier et al., 2019 Brain



Why

What

How

Outline

MCOS | 19th January 2024 22



Summary: Methods

Method Starting point Endpoint Unit User Intervention

Seed-based inter-
regional

correlation
ROI (Seed)

Connectivity map
of the seed

ROI -> voxel
Seed (atlas, 
granularity), 

Metrics

Independent 
Component 

Analysis
Whole-brain

Components 
(Resting-State 

Networks)
voxel -> voxel

Algorithm, 
Number & 

Selection of 
Components

Principal 
Component 

Analysis
Whole-brain

Components 
(Patterns)

voxel -> voxel
Algorithm, 
Number & 

Selection of 
Components

ROI-to-ROI 
Correlation

ROIs (Circuit to 
whole-brain)

Graph / 
Connectome

ROI -> ROI
ROIs (coverage, 

atlas, granularity), 
Metrics
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Approaches: intra-subject

uptake

time1 2 3 4 5 6 7 8
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Approaches: inter-subject

uptake

subject1 2 3 4 5 6 7 8
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Approaches: equivalent?

85%10%
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Approaches: equivalent?
Sharna 

Jamadar
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Approaches: equivalent?

Courtesy of Xin Di, PhD

within-individual

cross-individual

ADNI dataset

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

Xin Di
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Molecular connectivity: what is left to do?

Nomenclature

Validation

Cross-modal 
integration
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Molecular connectivity: what is left to do?

Validation

Cross-modal 
integration

Consensus meeting

Nomenclature

MCOS | 19th January 2024 30



Molecular connectivity: what is left to do?

Validation

Cross-modal 
integration

Nomenclature
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+ team (Mario Severino & Zhilei Xu)

Validation

Robust, precise 

and reproducible Matches gold-standard

Best methodological 

practices

C
o

n
ve

rg
en

ce
ra

ti
o

(%
)

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

Igor YakushevMattia Veronese

Veronese et al., 
2019, Sci Rep

Systematic review & gap 

analysis

Design of validation studies
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Molecular connectivity: what is left to do?

Validation

Cross-modal 
integration

Nomenclature
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Cross-modal integration

Sala et al., 2023 TICS
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Cross-modal integration

Sala et al., 2023 TICS
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