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Brain inflammation is a hallmark
of many neurological diseases

Chronic diseases

Multiple sclerosis
Alzheimer’s disease
Intracranial aneurysms

Acute diseases
* Traumatic brain injury

Stroke
Migraine
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Microglia/Macrophages (M/M) represent a therapeutic target
in neuroinflammatory diseases
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Adapted from Huang YC et al. Acta pharmacologica Sinica 2013




May M/M serve as MRI biomarkers of brain inflammation?
Principle of USPIO-enhanced MRI

24h-48h

Intravenous injection of
magnetic nanoparticles

v’ Pathophysiology

v' Diagnosis / Prognosis
v’ Patient stratification

l v’ Treatment monitoring
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In vivo phagocytosis of magnetic nanoparticles by macrophages
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Ultrasmall superparamagnetic particles of iron oxide (USPIO)

Effecton T1, T2 &
T2* relaxivities

Clinical
applications

* Ferumoxtran-10:

‘Historical’ USPIOs, now stopped

* Ferumoxytol:

Currently the only FDA-approved USPIO
BUT ‘off-label’ use for radiology

Ferumoxytol, high molecular weight, plasma half-life: 1421 h
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USPIO-enhanced MRI

Proof-of-Concept in a mouse model of ischemic stroke

pPMCAO
I.v. USPIOQO injection
l MRI Sacrifice
5h 12h 24h 36h 72h

Wiart M, Nighoghossian N, et al, Stroke 2007 5/17




USPIOs are taken up by macrophages in vivo after ischemic stroke
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USPIOs internalization may be monitored by MRI

Stroke (pMCAOQ)
I.v. USPIOQO injection

l MRI Sacrifice
12h 24h 36h 72h
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T1-weighted images, gradient-echo imaging Wiart M, Nighoghossian N, et al, Stroke 2007
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Hypothesis for USPI0-enhanced MRI worklng mechanlsms in the pPMCAO model of |schem|c stroke

(2) i.v. injection
of USPIOs

USPIO

Astrocytes

Resting microglia
Activated microglia

Monocyte

¢ ,
|} Macrophage ; : (5) 24h-48h

(3) USPIOs leakage in the
brain through damaged
barriers (BBB and/or BCSFB)

mm) B rrier breach

post-injection
most USPIOs
have been
phagocytozed

Desestret V, Wiart M, et al. Stroke 2009; Brisset JC, Wiart M et al, IRBM 2018




Pre-contrast
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Seeing is believing...
Evidence of nanoparticle (NP) phagocytosis from intravital 2-y pscopy in ischemic stroke

Post-contrast
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Can USPIO-enhanced MRI be used for treatment monitoring?
Pre-clinical neuroimaging study: Proof-of-Concept
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pre-USPIO MRI post-USPIO MRI

Areas with R2 > 35 ms™ at D2 (mm?)

Ares with R2 > 35 ms™ (mm?)

6 5 ! 12
Iron quantity at D2 (nmol)

Marinescu M, Wiart M, et al, Eur Radiol 2013




Can USPIO-enhanced MRI be used for treatment monitoring?
Pre-clinical neuroimaging study: Example of application

Administration of M2-polarized macrophages i.v.

@® M2 macrophages (N=10)
¢ pBS (N=11)

Lesion volume (mm?3)

50 + ¢

D4 D8 D15 D4 D8 D15 D4 D8 D15
0 - MCAO without USPIO MCAO with USPIO Sham with USPIO
MCAO + M2 macrophages (N=8) MCAO + PBS (N=8) (N=6) (N=10) (N=5)

Desestret V, Wiart M, et al, Plos One 2013




Clinical applications of USPIO-enhanced MRI in neurology

DWI T1-WI post-USPIO

Nighoghossian N, Wiart M et al, Stroke 2007

Seminal works

Multiple Sclerosis

T2-wi T1-wi post Gd T1-wi post USPIO

Tourdias T et al, Radiology 2012
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Can USPIO-enhanced MRI be used for treatment monitoring?
Clinical neuroimaging study (1/2)

Patients with intracranial aneurysms

Adapted from Hasan D et al, ] Am Heart Assoc 2013




Can USPIO-enhanced MRI be used for treatment monitoring?
Clinical neuroimaging study (2/2)!'.__.. .
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Migraine + USPIO  Migraine only  Healthy control — Pain side — Non-pain side
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artery
territory

Khan S et al, Cephalgia 2019

Baseline Post-USPIO Baseline Post-USPIO




Can USPIO-enhanced MRI be used to detect neuroinflammation
w/o USPIOs accumulating in the brain parenchyma?
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RECRUITMENT AND ACTIVATION OF
IMMUNE SENTINELS IMMUNE CELLS

= Choroid plexus are “gates to the brain” Schwartz et al, Nat Rev Immnunol 2013

= ChPs are involved in the early physiopathology of neuroinflammatory disorders

v" multiple sclerosis, Alzheimer’s disease, stroke, SIRS ... 15/17




USPIO-enhanced MRI of the choroid plexus
is an early marker of neuroinflammation

Mouse model of neuroinflammation (LPS i.p.)

LPS 5 mg/kg

CONTROL

LV antH + 3V LV infH + 3V 4V
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Hubert V, Wiart M et al, Scientific Reports 2019

LV antH ChPs
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Take home messages

* Microglia/Macrophages may serve as imaging biomarkers of
neuroinflammation thanks to USPIO-enhanced MRI

* Some USPIOs may be used in patients (although ‘off-label’):
USPIO-enhanced MRI has already been used for investigating a
range of neurological diseases in the clinical field

* USPIO-enhanced MRI has the potential to monitor the effects
of drug treatment in neurological diseases
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