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Why the CNS?

Global burden of conditions affecting the nervous system

Neurological conditions are the number-one leading cause of disease burden worldwide.

In 2021, around 3-40 billion The ten neurological conditions that accounted for
individuals had conditions affecting the greatest DALYs in 2021 were...
the nervous system, equivalent to...

Stroke 160 million

Neonatal encephalopathy 58.6 million

43% 4 @ Migraine

of the world 5 -
population emiehta

43-4 million

36-3 million

Diabetic neuropathy 26-3 million

These conditions contributed to...

Meningitis 14-5 million

Epil 14-4 milli
Disability-adjusted pliepsy 4-4 million

life-years (DALYs) Preterm birtht 13-8 million

Autism spectrum disorder 11.-5 million

... making them the leading cause of

disease burden worldwide. 9-20 million

Nervous system cancer

*Alzheimer’s disease and other dementias; T Neurological complications associated with preterm birth

Read the full Lancet Neurology study at thelancet.com

GBD 2021 Nervous System Disorders Collaborators. Global, regional, and national burden of disorders affecting the nervous system, 1990-2021: a systematic
analysis for the Global Burden of Disease Study 2021. Lancet Neurology 2024; published online March 14. https://doi.org/10.1016/51474-4422(24)00038-3.

THE LANCET Neurology The best science for better lives
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WORLDWIDE PROJECTIONS OF ALZHEIMER’S PREVALENCE
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2 Million Early-Stage
Cases of Alzheimer's

2 Million Late-Stage
Cases of Alzheimer's
who require a high level
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of care equivalent to that
of a nursing home

tirtetitereeteeteeees ttteteteeee
trreretetirirerereeeeeedeIee ritttttteeeeeee

AANT 1Om FOreCHSTong e OO turdien
Alrtosmar's & Dementas volsme & o 189, G

uuuuuuuuuuuuuuuuuuuuuuuuuuuu



W UCLouvain LDF\)i7
Drug development for CNS pathologies

Over-simplified understanding of
multifaceted diseases

. CNS
- d?:;i:‘eding * History of flawed target prediction Chance of approval & ssi NOCNS
* Recent focus on single-target efforts Application-to-
for multi-phenotypic diseases approval time (years) 1.9 CNS
Hit/lead + Identification of representative —— 1.2 Non-CNS

identification phenotypic screens for CNS disorders
Phase Il + I
development (years) e ——————————————————ed 8.1 CN5

* Penetration of the blood-brain barrier 6.1 ‘NOn-CNS

SRt ats = Mitigation of toxic side-effects : 3
Lead optimization g Chance of success in

B 0
Phase III e 16.00% CNS -
* Systemic lack of animal models which 0% Non-CNS
accurately represent complex _
Testing in animal diseases Patient numbers in 300-500 10,000 — 60,000
Ge DB« Poor translation between models and trials
clinical trials fumnans
Average cost of S1 billion - S5 billion S600 million - S2 billion
* Objective endpoints for social and development
cognitive conditions Source: Tufts Center for the Study of Drug Development, 2012
= Lower threshold for side-effects for
CNS drugs
Table |
Tronds In Chemistry https://www.ddw-online.com/the-great-neuro-pipeline-brain-drain-why-big-pharma-hasnt-given-up-on-cn

s-disorders-909-201310/
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Multiple sclerosis (MS)

* Inflammatory autoimmune demyelinating disease
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DEMYELINATION
Oligodendrocyte
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Progenitors

Differentiation

— >

Myelinating
Oligodendrocytes

Dr. Yasmine
Labrak
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Retinoic acid loaded-LNC

Easy, scalable
High EE of lipophilic

molecules
Bioactive molecule
Il Water phase (w)
[ Oil phase (o
i * l[ . Water at 2°C
/\ w/o phase olw phase‘
Kolliphor® { - i
Lipoid® Heating Coollng Dllutlon
Labrafac® —
NaCl )
Water \ ~ =" Heatlng

ws~r~ PEG-HS (Kolliphor®)
Lecithin (Lipoid®)

Triglycerides (Labrafac®)

Huynh et al, 2009
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Cell treatment

CG4-cells
or OPC in a mixed glial cells Impact on the expression of
culture differenciation markers by RT-gPCR
In vitro
In vivo
Calcitriol loaded-LNC
J peal —
Intranasal administration
in mice
Cuprizone induced demyelination in > Impact on the expression of differenciation markers by
C57BL/6 mice immunofluoresence in brain slices

LNC: Lipid NanoCapsules, OPC: Oligodendrocyte progenitor cells, CG-4: rat OPC cell line
Created with biorender



W UCLouvain

nnnnnnnnnnnnnnnnnnnnnnnnnnnn

Solubilization and Stabilization with LNC

Retinoic acid

(AR)
et Gasse.
Calcitriol (C%lr)capsulatlon efficiency : 83 % £ 10 «el % * ¢ '.,"r;;v

Size : 67 nm £ 4 = S

PDI: 0,01 £0,01 e I 158

{ potential: -3,5 + 0,04 mV J':;':: zﬁ N=3

AR stability s Mean+/- SD
100
i -o- LNC AR
3 -+ AR in DMSO
S 904
(S
(o]
(8]
o 80-
c
£
g 70+
e
X
60 1 I 1 1 1
0 2 4 6 8 10
Week

LNCs and DMSO solution stored at 4°C and protected from light
Quantification by HPLC-UV

Labrak et al., Int. J. Pharm, 2024

2ol 5
Encapsulation efficiency : 86 % +g'% g4 ‘f ;
Size : 57 nm *6 vin
PDI: 0,07 £0,02 v s
{ potential: -2,7 + 0,35 mV “"N.“,-:_
Cal stability St
2 1ooJQM‘<;>i<;j
=2
o}
o3
£ 90+
o
5}
£ 80-
=
£
3 70—
°\°
60 1 1 1 1 1
0 2 4 6 8 10
Week
For LNC N=3
For free drugs n=3
Mean+/- SEM
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150 150 150

%5 100 ABAB ............ s AR AR ‘S “S: 1004
— = i g =
LPS-1h LPS + Treatments-8h 5
- —_— S C.:’. g
0-
0.03 uM to 10 uM o
BV2 cells Retinoic acid (RA)
(murine microglia cell line) Calcitriol (CA)
Combination (CARA)
veh LNC vih LNC veh LNC
0,3uM
150 = 150 150 -
e S 100- 5 100 L .
£ 3 £ RA: Retinoic acid
g - . Cal: calcitriol
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« > S S SR
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Labrak et al., Int. J. Pharm, N=3, n=4 ; Mean+/- SEM 8
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NC-Cal and LNC-CARA increased OPC
differ~~+i-~+i~-
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Myelinating

Pre-oligodendrocyte
OPC g A oligodendrocyte

Oligodendrocyte

Surface Marker
Nuclear Marker

Late differentiation

Collaboration with Dr M.Al Houayek (BPBL) and Dr L.D’Auria (IoNS)

Early differentiation
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€ PDGFRa PDGFRa CNPase MBP
i A2B5 A2BS5 GalC MAG
= NG2 NG2 PLP MOG -
olig1/2 04 04 CNPase
Sox10 Olig1/2 Olig1/2 PLP
Sox10 Sox10 04
Olig1/2
Sox10

/

OPC: Oligodendrocyte progenitor cell

MBP: Myelin Basic Protein

MAG: Myelin associated glycoprotein

N=2, n=4, Mean +/-

Or-nan
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A | Olfactory pathway

Intranasal
administration of
biomolecules

Intranasal
administration of
biomolecules

CSF Olfactory bulb
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(@) Intracellular pathway (through the nerve)

@ Extracellular pathway (alongside the nerve)

@ Transcellular pathway (through supporting cells)
@ Paracellular pathway (between supporting cells)

CSF Toward
brainstem
S Blood
Trigeminal nerve / vessel
[ Cribriform plate D / / }
Lamina propria s ———
I'Respira'[ory
epithelium
w
. ° ® et e o
e ° o ° o =
Y Biomolecules ¢
Mucus layer @ ® ® o © °
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Created with biorender
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LNC CARA increased mature oligodendrocyte
population in a demyelination model
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Cuprizone Cuprizone
Labrak et al., Int. J. Pharm, 2024 N=3, n=3, Mean +/- 11
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Conclusions on combined treatment with RA

and Cal

O

Calcitriol loaded-LNC
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Retinoic acid loaded-LNC

=

Efficiency limited
by toxicity of
calcitriol in vivo

Combination with an
anti-inflammatory
nanomedicine
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Take home message

* LNC are great carriers for CNS delivery of lipophilic drugs

* Intranasal best non-invasive delivery route

« Combination of drugs to tackle complicated diseases

 But limited by drug systemic toxicity and accumulation in CNS

> 4

4

*Increase residence time at olfactory mucosa and penetration
Into the brain

* Balance toxicity and efficacy (new molecules/new combinations)
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