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• Why and how using PET to explore neuroinflammation in MS?

• Exploring neuroinflammation in lesions and normal-appearing

tissues in MS

• Regionalization of neuroinflammation in the MS brain

• A dysfunction of the Brain/CSF barrier at the choroid plexus

level

18FDPA-714 PET in Multiple Sclerosis
Plan 
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Adaptive and innate immune systems in the pathophysiology of neurodegeneration

Neurodegeneration

Adaptive immune system

• Acute 
demyelination

• Axonal transection 
• Ectopic 

lymphocytic 
inflammation

• Myelin destruction 
in acute lesions

• Smouldering 
plaques

• Diffuse damage in 
normal-appearing 
tissues

Innate immune system

Magliozzi et al, 2007; Howell et al, 2011;  Frischer et al, 2015 



• High specificity for 
cellular/tissular targets

• Generally low
resolution

PET

Bodini et al, 2021 

Targeting neuroinflammation with PET



Measuring neuroinflammation with PET

TSPO

• Macromolecular complex localized in the outer
mitochondrial membrane 

• Expression mainly driven by innate immune cell
activation

The reference ligand for PET studies is [11C]-PK11195

(Benavides, 1993;1988; Le fur 1988)

DPA 714PBR 28 DPA 713 PBR 111DAA 1106



1st generation 2nd generation

• Improved SNR

• Improved affinity

Bodini et al, Nature Reviews Neurology, 2021

Improving the signal-to-noise ratio using second-generation TSPO tracers 



TSPO genetic polymorphism



• Automatic extraction of a reference region 
in the cortex using SuperDPA

• Extraction of the binding potential with a Logan reference tissue 
model

Reliable quantification using the 2-TC model
Equilibrium at 60 min

Lavisse et al, J Nuc Med 2015

Correlation between
AIF based method and super DPA

Improved reproducibility compared
to cerebellar grey matter reference

Quantification of 18F-DPA-714
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Transversal analysis of  neuroinflammation in key ROIs
Only non enhancing lesions analyzed

37 MS patients (12 RRMS, 14 SPMS, 11 PPMS) , 19 Healthy controls ; HRRT camera

Quantification of 18F-DPA-714TSPO binding in the MS brain: region of interest analysis



37 MS patients (12 RRMS, 14 SPMS, 11 PPMS) , 19 Healthy controls 

Benoit et al, ECTRIMS/ACTRIMS 2017
Stankoff, ECTRIMS 2018
Bodini, Poirion et al, J Nuc Med 2020

Goals : 
• Minimise the influence of regional variation in unspecific binding and PVE
• Generate “comparable” maps in HAB and MAB
• Precise regional analysis at the lesional/sublesional level

Individual mapping of innate immune cell activation with TSPO-PET



37 MS patients (12 RRMS, 14 SPMS, 11 PPMS) , 19 Healthy controls 

Benoit et al, ECTRIMS/ACTRIMS 2017; Stankoff et al, Brain Pathol, 2019; Bodini, Poirion et al, J Nuc Med, 2020

ROI analysis Mapping of DPA active voxels
Only non enhancing lesions analyzed

Individual mapping of innate immune cell activation with TSPO-PET



38 MS patients (13 RRMS, 14 SPMS, 11 PPMS) , 19 Healthy controls 

An innovative post-processing approach to generate individual maps of innate immune cells
Heterogeneous profiles of neuroinflammation depending on subjects

(Bodini, et al, J Nuc Med 2020; Nature Reviews Neurology 2021) 

Individual mapping of innate immune cell activation with TSPO-PET



37 MS patients (12 RRMS, 14 SPMS, 11 PPMS) , 19 Healthy controls 

Benoit et al, ECTRIMS/ACTRIMS 2017; Stankoff et al, Brain Pathol, 2019; Bodini, Poirion et al, J Nuc Med, 2020

Individual mapping of innate immune cell activation with TSPO-PET



> 50% activated voxels in individual lesions

<10% activated voxel in lesions

Subacute/chronic active lesions

Classification of each lesion according
to the innate immune cells content

Benoit et al, ECTRIMS/ACTRIMS 2017; Stankoff et al, Brain Pathol, 2019; Bodini, Poirion et al, J Nuc Med, 2020

Active lesions identified using [18F]DPA-714 PET



Identifying hidden innate immune cell activation [18F]DPA-714  

35 MS patients (10 RRMS, 14 SPMS, 11 PPMS) , 19 Healthy controls 

while the 

1.8% of total lesions classified as active
based on Gd+ T1 SE sequences 37.1% of total lesions were defined as 

active based on DPA-PET

Bodini, Poirion et al, 2020



10% of all lesions changed volume 
after one year (7% enlarged, 3% 
shrank).  

Active lesions were more likely to 
enlarge or shrink over time

Benoit et al, ECTRIMS/ACTRIMS 2017;
Stankoff et al, Brain Pathol, 2019 

Dynamic evolution of [18F]DPA-714 subacute-chronic active lesions



N. OF ACTIVE LESIONS

Beta-coeff=0.76
p=0.001

% ACTIVATION in the  Perilesions

Beta-coeff=0.50
p=0.01
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Innate immune cells activation: 

a marker of individual trajectory 

of disability worsening

Bodini, Poirion et al, J Nuc Med 2020

EDSS step change during the 2 years

preceeding study entry

Subacute and chronic active lesions and rajectories of clinical disability
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Homogeneously active (53%) and mixte active/inactive lesions (6%)
Hamzaoui, Garcia et al 2022

Exploring the smouldering component of MS lesions: a new PET-based classification



Homogeneously active and rim-active lesions at all MS stages 
Bodini, Poirion et al, 2020; Hamzaoui, Garcia et al 2022

Exploring the smouldering component of MS lesions: a new PET-based classification



The regional distribution of lesions according to their neuroinflammatory profiles



Hamazoui, Garcia  et al, 2022

P =0.024
Rho=0.43 
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Homogeneously active lesions predict cortical atrophy and clinical progresison
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A periventricular gradient of 
MTR

Relationship between cortical and 
periventricular NAWM damage

Liu et al, Brain 2015

Rho=0.65 p < 
0.01

Is the gradient of tissue damage linked with innate immune cell activation?

What is the clinical relevance?

Pardini et al, NeuroImage Clin 2017

18FDPA-714 PET in Multiple Sclerosis
Is chronic neuroinflammation the result of CSF/meningeal-derived factors?    



White matter

Poirion et al, Neurology, 2021

A periventricular gradient of innate immune cell activation measured with PET



Periventricular innate immune cell activation correlates with disability progression 

• Innate immune cell activation in MS predominates in periventricular regions

• Activation of microglia and macrophages in periventricular normal-appearing white matter is associated with

microstructural damage and disability worsening

Poirion et al, 2021



Engelhardt et al, Acta Neuropathol, 2016

- The blood-CSF barrier (choroid plexus) ?

Machado-Santos, Brain, 2018

- Compartmentalized inflammation in the 
perivenular space predominates around ventricles?

- CSF derived pro-inflammatory factors?
Cytokines, chemokines (Magliozzi, Ann Neurol
2018);
Fibrinogen (Peterson et al, Nat Rev 2018);
Ceramide (Wentling, PNAS, 2019) …

A periventricular gradient of innate immune cell activation: the hypotheses
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The CPs act as a unique neuro-immunological 

interface integrating CNS signals with those from 

circulating immune cells.

In the EAE model of MS, the CPs allow the initial 

entry of encephalitogenic T-Helper cells into the 

CNS.

Post-mortem studies have shown infiltrating innate 

cells, granulocytes and CD8+ T cells in the CPs of 

MS.

Kaur C et al, 2016

Reboldi et al, 2009; Schwartz et al, 2014; Rodríguez-Lorenzo et al, 2020

Choroid plexuses in animal models of MS and in post-mortem brains



Choroid plexus volume is 35% greater 

in patients with MS compared with HC 

Ricigliano et al, Radiology 2021

Choroid plexuses in people with MS are larger than in healthy controls



Larger CPs are associated with 

greater innate immune cell activation in the 

thalami and the NAWM

as measured by 18F-DPA-714 DVR
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CP volume correlates with parenchimal neuroinflammation



Choroid plexuses in MS have a 18.5% 

higher DPA uptake compared with HC 

Ricigliano et al, Radiology 2021

TSPO PET reveals inflamed choroid plexuses in MS



MSHC

CD163

TSPO

Infiltrating CD163+ macrophages contribute to the higher TSPO expression in MS CPs, 

in addition to TSPO expression in the CP epithelium of both MS and HC

Ricigliano et al, 2022

[18F]DPA-714 uptake in MS Choroid plexuses



larger CPs

Multivariable linear regressions adjusted for age, sex and verticular volume 

RRMS: r2=0.52 p=0.011 RRMS: r2=0.74 p<0.001

higher percentage of active lesions in the whole brain, 
particularly in the periventricular region

Relationship between choroid plexus volume and DPA-active lesions



• TSPO PET is applicable in clinical studies without arterial sampling

• TSPO PET allows to generate regional individual mapping of
neuroinflammation, reflecting innate immune cells density, in the MS brain

• Molecular imaging reveals smouldering component in the majority of
lesions, that may start at the relapsing stage, and is linked to disability
progression

• The smouldering component is regionalized in the brain and may involve a
BCSFB dysfunction at the choroid plexus level

Conclusions
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Novel perspectives in innate immune cell imaging
• TSPO tracers are sensitive to a polymorphism (rs6971) in the

TSPO gene

• TSPO expression is not entirely specific for microglia and
macrophages and does not discriminate between
proinflammatory and protective cells

Beaino et al, 2017; Horti et al, 2019; Hagens et al, 2020;  Bodini et al, Nat Rev Neurol, 2021; Zhou et al, 2021

Macrophage colony stimulating
factor 1 receptor

P2Y12R
P2X7R

FUTURE TARGETS FOR MICROGLIA AND MACROPHAGES


