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in Multiple Sclerosis (MS)

£ Immunic
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Vidofludimus Calcium’s Profile and Positioning as a Potentially
Groundbreaking Multiple Sclerosis Therapy

Could vidofludimus calcium become the first oral treatment option offering neuroprotective benefits
for relapsing and progressive forms of multiple sclerosis?

Francesca Montarolo, PhD Immunic's Onsite Multiple Sclerosis R&D Day in New York City
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» Role of NURR1 - neuro-protective and anti-inflammatory

The Nuclear related protein 1 (NURR1) also called Nuclear receptor 4A2
is a transcription factor belonging to the nuclear receptor 4A subfamily

Chengetal., 2021
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NURR1 ligand binding domain (LBD) is close due to the proximity of hydrophobic residues

Lynne Dershem et al., 2016



» Role of NURR1 - neuro-protective and anti-inflammatory

NURR1 induces neuronal survival and development

Proc. Natl. Acad. Sci. USA
/ol. ., March 1998
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Nurrl is essential for the induction of the dopaminergic phenotype

‘DDC and the survival of ventral mesencephalic late dopaminergic
precursor neurons
DoPa.m'ne ODILA SAUCEDO-CARDENAS*, JUAN D. QUINTANA-HAU*, WEI-DONG LET, I\'il,‘\RTEN P. Smipt#, JOKE J. Coxt#,

FRANCESCO DE MAYO*, J. PETER H. BURBACH%, AND ORLA M. CONNEELY*§

Departments of *Cell Biology and TNeurology, Baylor College of Medicine, 1 Baylor Plaza, Houston, TX 77030; and Department of Medical Pharmacology,
Rudolf Magnus Institute for Neurosciences, Utrecht University, 3584 CG Utrecht, The Netherlands

Dopamine Neuron Agenesis in
Nurr1-Deficient Mice

Rolf H. Zetterstrém, Ludmila Solomin, Lottie Jansson,
Barry J. Hoffer, Lars Olson, Thomas Perlmann*
SCIENCE = VOL. 276 = 11 APRIL 1997 = http://WWW.sciencemag.org
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In NURR1 gene, polymorphisms and mutations resulting in reduced expression of NURR1
are associated with Parkinson’s disease (PD), where selective degeneration of mDA neurons occurs

Neuroscience Letters 457 (2009) 75-79

GENERAL ARTICLE
Nurrl repression mediates cardinal features
of Parkinson’s disease in «-synuclein transgenic mice

Contents lists available at ScienceDirect

Neuroscience Letters

journal homepage: www.elsevier.com/locate/neulet
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Characterisation of a novel NR4A2 mutation in Parkinson’s disease brain



» Role of NURR1 - neuro-protective and anti-inflammatory

NURR1 exerts anti-inflammatory function by blocking the NF-kB pathway

Inflammatory signaling B Inflammatory signaling

Inflammatory

Bensinger et al., 2009 El
NURR1 exerts neuro-protection through glial cells A Nurr1/CoREST Pathway in Microglia
and Astrocytes Protects Dopaminergic
LPS Neurons from Inflammation-Induced Death
Kaoru Saijo,'" Beate Winner,*® Christian T. Carson,*7 Jana G. Collier,® Leah Boyer,** Michael G. Rosenfeld,?*
‘ Fred H. Gage,5 and Christopher K. Glass'2*
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» NURRL1 in Multiple Sclerosis - Human data

Pregnancy’s impact on MS disease activity

Pre-pregnancy 1st 2nd 3rd " Post-partum

Trimester Trimester Trimester

|

Relapse rate

-70% of relapse rate

MS ACTIVITY

Confraveux et al., 1998

Women with MS experience a substantial reduction of disease activity during pregnancy, particularly in the 3rd trimester

relapses worsen further in the post-partum, returning to higher levels than pre-pregnancy

Pregnancy is a unique state of immune-modulation in which the maternal immune system transiently tolerates
the paternal antigens of the semi-allogenic foetus

The exact mechanism by which pregnancy influences MS is not already full understood



> NURR1 in Multiple Sclerosis - Human data

Multiple Sclerosis (MS) transcript signature

The gene expression level of NURR1 is down-regulated in treatment naive RRMS blood in comparison to HC,

but during pregnancy its imbalance expression returns to HC value
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Dr. A. Bertolotto

CReSM —

Regional referal MS center,
AOU San Luigi Gonzaga,
Orbassano (TO), Italy



» NURRL1 in Multiple Sclerosis - Human data

Multiple Sclerosis (MS) transcript signature

3 of the 8 genes whose expression level is down-regulated in RRMS and
is completely restored to the HC value during pregnancy block the pro-inflammatory pathway of NF-kB
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» NURRL1 in Multiple Sclerosis - Human data

NURR1 gene expression level negatively correlates with relapse rate and EDSS (aggressive MS)
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EDSS indicates Expanded Disability Status Scale; MS, multiple sclerosis.

Lower levels of NURR1 expression correlate with increased probability of initiating or switching to high
efficacy disease modifying treatment (DMT) necessary for the most aggressive form of the disease
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» NURRL1 in Multiple Sclerosis - Human data

NURR1 gene expression level is down-regulated in treatment naive RRMS in comparison to HC
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Blood Transcriptional Signatures of Multiple
Sclerosis: Unique Gene Expression
of Disease Activity
Anat Achiron, MD, PhD," Michael Gurevich, PhD," Nir Friedman, PhD,> Naftali Kaminski, MD,?

and Mathilda Mandel, MD*
Ann Neurol 2004;55:410-417

A Factor Affecting the Development and Disease Course of Multiple Sclerosis

Francesca Gilli, PhD; Nicole Désirée Navone, MSc; Simona Perga, PhD;
Fabiana Marnetto, MSc; Marzia Caldano, PharmD; Marco Capobianco, MD;
Annalisa Pulizzi, MD; Simona Malucchi, MD; Antonio Bertolotto, MD
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Gilli et al., 2010, 2011, Navone et al., 2014, Montarolo et al., 2019



» NURRL1 in Multiple Sclerosis - Human data

NURR1 is expressed human MS brain tissue, and its expression correlates with neuronal cell density ==

== Higher expression of NURR1 found in the high neuronal density area === Neuro-protective role

Nuclear receptor-related factor 1 (Nurrl) is increased
in multiple sclerosis (MS) motor cortex
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Effects of Isoxazolo-Pyridinone 7e, a Potent Activator of
the Nurr1 Signaling Pathway, on Experimental
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» NURR1 in Multiple Sclerosis — Murine model data

** treatment
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Induced Experimental
Autoimmune
Encephalomyelities
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inflammatory
demyelination in
C57BIl/6 female mice

The activation of NURR1 delays the onset of the EAE (MOG;; s.-chronic MS model)



» NURR1 in Multiple Sclerosis — Murine model data

Inflamm. Res

DOI 10.100740001 1-015-0871-4 Inflammation Research
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Nurrl reduction influences the onset of chronic EAE in mice
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I 1 1 1 1 1 1 1 I I
0 2 46 810 12 14 16 18 20 22 24 26 28
d.p.i.

— 5_

=

+ o wr

t * []NURRL-KO (+/-)

8

T 3-

o

é N MOG%_SEJCF:\;’;

: *
o

& 1 -

® .

g 0 Induced Experimental
°

Autoimmune
Encephalomyelities
(EAE) model of

N 151 .
Nurm-KO < —_ Inﬂammatory

£ _ " demyelination in
P! ? 2 7
& E® s = heterozygous NURR1-KO
B "R < .
% i e female mice
Ly 38 s

- Y~ S

- S

A £

WT  Nurri-KO

The deficiency of NURR1 anticipates the onset of the EAE (MOG;. --chronic model)



lll'"ﬂ..lllllll!“““\

_‘-—“""’ “—.—

NICO

Neuroscience Institute Cavalieri Ottolenghi

A UNIVERSITA
DI TORINO

TAKE HOME MESSAGE (1)

» NURR1 expression level is down-regulated in the immune cells of RRMS compared to HC
(i.e. female and male - whole blood, PBMCs, CD4+ T cells, monocytes)

» Lower levels of NURR1 expression are present in the most active and aggressive MS forms

» NURR1 activation delays the onset of the MS murine model,
while NURR1 deficiency anticipates its onset

NURR1 functionality is protective for MS
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NURR1: a target for DMTs
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National Center for Biotechnology Information
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Limitations in the search for NURR1 agonists:
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NURR1: a target for DMTs
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NURR1: a target for DMTs
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NURR1: a target for DMTs
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Development of a Potent Nurr1 Agonist Tool for In Vivo
Applications
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Jorg Pabel, Julian A. Marschner, and Daniel Merk*
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Nurrl-regulated gene expression in astrocytes



Regional referal MS center (CReSM) of AOU San Luigi Gonzaga, Orbassano, Turin,
Italy

Clinical activity to menage MS patients

Clinical neurophysiology

Neurobiology laboratory

Secretary

Psycology

CReSM BioBank
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