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Contexte des acides nucléiques

2001 Discovery of RNAi mechanism in mammalian 5

H 3
1964 Synthesis of 2'-F modification gelabAZiiizand CoMellg

2003 Completion of the Human Genome Project

1944 Discovery of 1966 First synthesis of PS backbone 1987 Patent for today’s
DNA as hereditary 1969 Synthesis of 2'-0-Me modification widely-used gapmer |
material design filed 2005 First siRNA clinical trial started (bevasiranib)4>
| | | |
960 CED
| | | ! E Il
. mmanuelle
;9?3 Il3lscovery of :he 1978 Birth of the antisense 1995 Discovery of 2'-MOE chemistr 2014 Development of Chaﬂ:pc*:ﬁdcr badlna
d q o * or the development of a method
Df\l;-‘\:illo s:r‘l;vct:reno concept: using a synthetic ASO to v ¥ GalNAc conjugated siRNA e
. ¥ a_ sc:\ ’ control gene expression 1997-1998 Discovery of conformationally |
F Crick, M Wilkins and R constrained LNA T d
Franklin? 1979 Discovery of Ipomersen approve
‘ RNase-H mecha(\isrm to 1998 Discovery of RNAi mechanism 2016 Defibrotide, eteplirsen and
cleave RNA hybridized to DNA the first [T-delivered ASO

. _ | nusinersen, approved
Milestones in biology
Yo i (e 1998 Fomivirsen, the first ASO approved 2018 Inotersen and the first

Clinical milestones siRNA, patisiran, approved

REW/ KATALIN
*Revusiran was the first GaINAc-conjugated siRNA to be studied in the clinic. WEISSMAN KARIKO
Figure adapted from 1. Yin W and Rogge M. Clin Transl Sci. 2019;12(2):98-112; 2. Watson JD and Crick FH. Nature. ) Network[T]
1953;171(4356):737-738; 3. Fire A, et al. Nature. 1998;391(6669):806-811; 4. Burnett JC, et al. Biotechnol J T
3 2011;6(9):1130-1146; 5 https://clinicaltrials.gov/ct2/show/NCT00259753. (Accessed 20 Sept, 2022). 2023

5



Modalités thérapeutiques
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BIOLOGIQUES
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Intron
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Protein

S l DNA
Transcription
RNA splicingl RNA
mRNA
CYTOPLASM ’Exportl
mRNA
Translationl

Expression
génétique chez un
eucaryote

=> ’ADN est transcrit en
ARNm. Certaines régions sont
supprimées (introns) lors du
traitement initial de CARNm.
Les exons restants sont ensuite
épissés ensemble et la molécule
d'ARNm épissée (rouge) est
préparée pour étre exportée
hors du noyau grice a 'ajout
d'un embout (sphére) et d'une
queue polyA. Une fois dans le
cytoplasme, CARNm est traduit
en protéine via les ribosomes
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—> « Delivery »

Lipid Nanoparticles (LNPs)

Multi-component lipid
formulation (~100 nm in size)
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Martin Eglii and Muthiah Manoharan, Nucleic Acids Research, (2023)

LNPs

Formulations lipides
cationiques
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—> « Delivery »

Target: Prostate Cancer
Therapeutic oligonucleotides : siRNA, ASO
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*Stable Nucleic Acid
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—> « Delivery »
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Bio-conjugués

Molécules hybrides de
synthése
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CHIMIE DES CONJUGUES

Challenges et opportunités

(A) | NJ\/\/\/\/\/\?O
v - Biodélivrance "
v - Ciblage
v - Multimodalités <B>W%
X
v’ - Stabilité

P. Mangla, Q. Vicentini, and A. Biscans, Cells 2023, 12, 2253

Exemples de structures
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CHIMIE DES CONJUGUES

Challenges et opportunités

v’ - Biodélivrance
v - Ciblage
v - Multimodalités

v - Stabilité

Choix du linker

Oligonucleotide Conjugates

Ligands
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Thio-maleimide linkage Diels-Alder Linkage
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P. Mangla, Q. Vicentini, and A. Biscans, Cells 2023, 12, 2253

Oligonucleotides
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CHIMIE DES CONJUGUES

Choix du linker

Challenges et opportunites Chimie pH sensible

Mylotarg Trodelvy ADC-MMAE
v - Biodélivrance -
s TAN“
= CIb'Oge pH-sensitive hydrazone pH-sensitive carbonate pH-sensitive silyl ether NAO
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o) A

0 /0 ¢ 9
v - Stabiité o&o X O>§ : >_©
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spiro orthoester linear acetal
Ra%a%a's /
- Q ! 0
| 0] O
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O/>_go>_(‘/{n_ S ¢ 0
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m ° L o |
cyclic acetal cyclic methoxybenzaldehyde acetal Barthélémy. et al. PCT 2015

Oumzil et al. ChemMedChem 2015



CHIMIE DES CONJUGUES

Challenges et opportunités

v - Biodélivrance
v - Ciblage
v' - Multimodalités
v - Stabilité

P. Mangla, Q. Vicentini, and A.
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Biscans, Cells 2023, 12, 2253

Peptide-Oligonucleotide



CHIMIE DES CONJUGUES

Challenges et opportunités

Maléimide
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P. Mangla, Q. Vicentini, and A. Biscans, Cells 2023, 12, 2253



CHIMIE DES CONJUGUES

Challenges et opportunités

v

- Biodélivrance
- Ciblage
- Multimodalités

- Stabilité

(A) Ligands at nucleobase

Ligands at 5-end
y

—&

Ligands at 3"-end W Lgsnogiat2tend

| Cg

Position ?

(B) Ligands at 5-end

&
Antisense Oligonucleotide (ASO)

Ligands at passenger .
strand Guide strand 3

& Ll
siRNA

Passenger strand



CHIMIE DES CONJUGUES

Challenges et opportunités

v

v

- Biodélivrance
- Ciblage
- Multimodalités

- Stabilité

Avantages / Inconvénients

Stepwise Solid-Phase Synthesis

Conjugation via

Advantages

Disadvantages/Limitations

Bifunctional or
trifunctional linker

Absence of time-consuming isolation/ purification of both
peptide (P) and oligonucleotide (O) fragments

No excess of either P or O fragment—less

solubility problems

May be convenient for peptide-PNA conjugates (P-PNAs)
due to protecting group compatibility

Poor compatibility of P and O
chemistries: the need to design a
suitable protecting

group scheme.

Attachment of limited number
of amino acids without
side-chain protection

Difficulty synthesizing longer
than medium-length conjugates

Post-Synthetic Conjugation

Conjugation via

Advantages

Disadvantages/Limitations

Thioether or
disulfide bond
Native ligation

Oxime, thiazolidine, or
hydrazone linkage
Amide bond formation
Click chemistry
Diels-Alder reaction

Many suitable conjugation procedures available

Many reagents for functionalization of either

fragment available

No problem with incompatibility of the two chemistries
Conjugation of peptides with any amino acid composition
Conjugation of peptides of almost any length

(up to proteins)

Separate multistep preparation
and purification of

both fragments

Reaction in aqueous solvents
Solubility problems with
polycationic or highly
hydrophobic peptides
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Chemical modifications for better RNA therapeutics

Prrrree T

Intravitreal

Subretinal

Intramuscular

Applications

Lung

Brain )
Degenerative diseases .
(e.g. AD,HD) Eve P
(e.q. DES) ol N\
W
Subcutaneous
.
Heart \,
Cardiovascular diseases
(e.g., AS, FCS)
Liver Y Y
(e.g., liver cancer, HBV, AHP) . SR

Spine
Neurodegenerative disease
(e.g., SMA, ALS, hATTR)

4 °
Virus infection thera peUt'ques
(e.g., COVID-19)

— Intravenous

Intrathecal

W

Intestine

Kidney
(e.g., AKI, alport)

https://pubs.acs.org/doi/10.1021/acs.chemrev.3c00611?
fig=fig1&ref=pdf

Skeletal muscle
(e.g., DMD)

(e.g., UC,CD)

Abbreviations: AD (Alzheimer's disease); HD (Huntington's disease); DES (Dry eye
syndrome); AS (Atherosclerosis); FCS (Familial chylomicronemia syndrome); AHP
(Acute hepatic porphyrias); SMA (Spinal muscular atrophy); ALS (amyotrophic
lateral sclerosis); hATTR (Hereditary transthyretin-mediated amyloidosis); AKI
(Acute kidney injury); UC(Ulcerative colitis); CD (Crohn's disease); DMD

1117177777

(Duchenne muscular dystrophy).

Yesi Shi et al. Chem. Rev. (2024), 124, 929-1033
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(a) Type of Oligonucleotide (b) Mode of action

m ASsO = siRNA ¥ miRNA mimic B Expression inhibition = Splicing modulation
miRNA inhibitor m saRNA u  Expression activation

(c) Targe tissue (d) Route of administration Ap p licatio ns
‘ thérapeutiques

® Liver = CNS o Eye L] L] ® Intrathecal

Muscle ® Blood & Lymphcells @ Skin Intravitreal W Ocular route B Intradermal
] i y tract ™ & inaltract @ Pancreas B Inhalational | Oral ® Intratumoral
u Kidney | Multiple B Genitourinary system| | L

® Endocrine glands

(e) Therapeuticarea

Plus de 40
oligonucleotides
en développement
e o oo clinique

= = e /11111111117

Moumné, L.; Marie, A.-C.; Crouvezier, N. Pharmaceutics (2022)
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siRNA targeting
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Martin Eglii and Muthiah Manoharan, Nucleic Acids Research, (2023)
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LIPID ANTISENSE OLIGONUCLEOTIDE (L-ASO)

Modifications pour améliorer la biodelivrance et le ciblage cellulaire

- Conjugué lipidiques

- Bioconjugaison
%O
o HNi \ O><:C13H27
, (0] I
5/— 2 \ ° Cy3Hz
@S @S o @S ®s S :\ S= (F)’ OHI

O

s s
o-
Po Po o-p_, P\o O-p_, 0-p_g O~ O-p-o s
o o 6 & Q/ 4 Q d Q/ o
N\ N N
° N NH )\LN .
o \
H \\\ NH, \\N
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LIPID ANTISENSE OLIGONUCLEOTIDE (L-ASO)
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20
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Hydrodynamic diameter (nm)
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LAsO => InsermiEEET

Cancer

Résistance aux anfibiotiques
Douleur

Allergies, etc
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PROSTATE CANCER

ASO => Translationnaly Conftrolled Tumor Protein (TCTP) Collaboration

TCTP est sur exprimé dans les cancers resistants CRPC Dr. Palma Rocchi S
Centre de Recherche en Cancérologie de Marseille
CRCM,, Inserm UMR 1068-CNRS UMR 7058

L Inhibits TCTP expression

L

70 100 70 100 70 100 70 100

TCTP ——— — --k

——————

Day 3 post-transfection Day 3 post-transfection Lipid-ASO

LASO inhibe I'expression de la TCTP sans agent de transfection
Barthélémy et al. PCT/IB2013/001516 (2013)
Barthélémy et al. PCT/IB2013/001517 (2013) 23



PROSTATE CANCER

ASO => Translationnaly Controlled Tumor Protein (TCTP)
TCTP est sur exprimé dans les cancers resistants CRPC

—&— Control-ASO ----0--- TCTP-ASO
—a— Control-LASO ----4--- TCTP-LASO

Control TCTP

6000

o
o
S
S
ASO

4000

3000

LASO

2000

Mean tumor volume (mm?3)

1y
o
o
o

.l Lipid-ASO
1 2 3 4 5 6 7 8 9 10 M
Time (weeks)

LASO inhibe la croissance tumorale in vivo
Sara Karaki et al. J. Controlled Release 2017 24



Lipid oligonucleotides as a new o
strategy for tackling the antibiotic [ v

. i S CHs - G
-Lactamase
resistance N CHy — > 0= HN CHs
O H OH H
Tina Kauss®*, Corinne Arpin?*, Léa Bientz%3, PhoucVinh Nguyen?, Brune Vialet?, OH OH
Sebastien Benizri* & Philippe Barthélémy (' o o

B Ceftriaxone MIC on laboratory (TcK12) and clinical {(Ec3536)
resistant strains of E. coli
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Size (d. nm)

- Biodélivrance des Oligonucleotides dans les cellules procaryotes
- Diminution des concentration minimale inhibitrice (MIC) des bactéries résistantes a la ceftriaxone
(céphalosporine de froisieme generation)

[
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[=]
o

Ceftriaxone MIC (mg/1}

v
g
{wugz9 Qo) epeideq yo Aylgein

Number (%)
BN w s

(control)

Kauss, T. et al. Scientific Reports 2020, 10 (1), 1054.



Traitement de la douleur

3 types de douleur chronique:
- Neuropathique,

- Nociceptive (inflammatoire),
- Dysfonctionnelle.

Le ganglion spinal stimule la racine dorsale jusqu'd la
moelle épiniere

FXYD2 est considéré comme un nouveau marqueur
limité aux seuls mécanorécepteurs et nocicepteurs

des neurones somato sensoriels primaires (Ventéo et
al., 2012).

La perte ou la diminution de FXYD2 entraine une
réduction drastique ou la perte de douleur chez la
souris

| : ‘: w.‘&
Collaboration Montpellier

Dr Stéphanie Ventéo
Dr Patrick Carroll

Racine dorsale

Ganglion spinal [ / ‘\/ Nerfs spinaux
Ty = D
= — |
77, ‘Ki /
—

Racine Ventrale

Derre A et al. JCI Insight (2023);8(9):e161246 https://doi.org/10.1172/jci.insight.161246
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Traitement de la douleur

Al ASO/LASO
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L'expression de Fxyd2 peut étre inhibée dans les
ganglions de la racine dorsale par injection
infrathécale d'oligonucléotides antisens sans
l'utilisation de réactifs de transfection toxiques.

in vivo DRG

Relative Fxyd2 protein expression (%) (@]
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Derre A et al. JCI Insight (2023);8(9):e161246 https://doi.org/10.1172/jci.insight.161246
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Western blot
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Tra itemel‘lt de la douleur Collaboration Montpellier

Dr Stéphanie Ventéo
NEUROPATHIC PAIN: LASO vs LScr (IT : 2 pg) Dr Patrick Carroll
Comparison with Ziconotide (PRIALT)

NEUROPATHIC PAIN: Comparison, in vivo, of the analgesic effect of LASO75 at the best determined dose (2ug) versus
ziconotide versus L-scramble control (2pg)

(Daily injection in IT for 14 days, stop 7 days, resumption 7 days) Randall
300

SNL
25 .4 Daily injection of LASO - pajly injection of LASO
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-& Control-LASO
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que la morphine !!
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Derre A et al. JCI Insight (2023);8(9):e161246 https://doi.org/10.1172/jci.insight. 161246 28




Traitement de la douleur

250+

Paw pressure (g)

100+

neuropathic pain and inflammatory pain models

Derre A et al. JCI Insight (2023);8(9):e161246 https://doi.org/10.1172/jci.insight.161246
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Porteur du projet

Hub Optoligo

LIPID ANTISENSE OLIGONUCLEOTIDE (L-ASO)

Type de pathologie
Métabolisme du fer (Anémie)

Biosensor, detection cellule souche tumorale

Fibrose pulmonaire

Inhibition dela sécretion histaminique
Récepteur IgE

Douleur neuropathique et inflammatoire
Douleur neuropathique et inflammatoire
Cancer

néphropathies

Asthmeallergique

LyphomeT (cancer)

Maladie Parkinson
Antibiorésistance

Libération prolongée d'oligos

cancers of the B lymphoid
Cancer
Maladie des petits vaisseaux cérébraux

NPC. La maladie de Niemann-Pick de type C (« NPC

Cancer

Organ ciblé
Foie
Cancer
Poumon

Tumeurs gastro-intestinales
Rein

SNC
Sang
SNC
Bactéries E. coli TCK12

primary B cellsand
plasmacells
Pancréas

SNC

SNC +

Prostate

Cible biologique

5

Kidne:

Liver (Iron

metabolism) Lungs (Fibrosi

5%

= Cancers m SNC/Neuro
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5%

Cancers

37%

SNC/Neuro
32%

Kidney = Alergy = Liver (Iron metabolism)

Lungs (Fibrosis)



CHIMIE
SUPRAMOLAIRES
DES CONJUGUES

11



Bio-délivrance contrdolee ?

Oligonucléotide

Nucléolipide

Hydrogels

Supramolecular

Table 1 Sequences of tested ONs and LONs

Length

Sequence (5'—=3)

Name* (mers)
ASOrcrp 20
LASOrcrp 21
ASO, 25
LASO, 26
ON ¢t 19

LONgy 20

5" AAC TTG TTT CCT GCA GGT GA 3’

5" (Cy45)U* AAC TTG TTT CCT GCA GGT GA 3’

5" GCG CAG TGATTT TTT AAC CAT GGG A 3’

5’ (C45)U*GCG CAG TGA TTT TTT AAC CAT GGG
A3’

5" CGT GTA GGT ACG GCA GAT C 3’

5’ (C15)U* CGT GTA GGT ACG GCA GAT C 3’ > < >

“LONs being 5’ conjugates of the ON sequence with ketal bis-C,5 lipid. \___/

Sébastien Benizri, et al. Biomater. Sci., 2021, 9, 3638-3644



Etudes physico-chimique des ON/LON

Hydrogels

30 - . . .
A) DLS mean size of micellar populations B) G' and G" values function of the LON sequence
“ -
& > A ASOTCTP 8000
v
=201 I LasoTcre = I LASO TCTPG'
- = ] n =« = ONctrl [ ,
T g5 I LoNarl = @ LASO Alpha G
—— £ 1 ar < 4000 - C1LASO TCTPG"
z i — - = ASO Alpha §
10 A O LASO Alpha G"
i h LASO Alpha -
s [ . 13.9 mMin PBS
1/ 1 : o
s b 30 uM in PBS at 25 °C 0 g — .
0 +— -
1 10 100 1000 10000 37 .
C) size (d. nm) Temperature (°C)
Size (nm) G’ (Pa) G” (Pa) LVR (%) Breaking point Thixotropy
(%)
ASOrcrp 3.16+ 0.41 No Gelation
LASO+crp 14.12 £ 0.17 6740 £ 927 684 + 21 3.16 26+5 Yes
ONgri 3.52+0.55 No Gelation
LONg 14.35+ 0.56 No Gelation
ASO, 3.91+0.34 No Gelation
LASO, 15.05+0.48 3088 + 225 3682 7.94 63+8 Yes

Sébastien Benizri, et al. Biomater. Sci., 2021, 9, 3638-3644



Viscoelastic properties Hyd rogels

Amplitude sweep experiments

A) B)

LVR: 3.6% LVR : 7.94%

10000 - - 10000 10 000 - - 10000
llllllllllllllll... < <

g l.. = g Ll Ty
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[G) pEEEEmEsEEEe Cy..:.l c [G) ssEEEmEEEsessmnEesanus®® |=|.. c
Y 26%¢c" = z Y "mg""n 2
é 100 - % 100 g _§ 100 - 63% et 100 §
° c o ' c
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2 a3 G
E 14 F 1 = E 14 F 1 =
w S w >

o
L
I
o
o
L
I
o

0 1 10 100 0 1 10 100
Deformation (%) Deformation (%)

Amplitude sweep experiments of hydrogels at13.9 mM (T° 37°C, 1 Hz, shear strain 0.01% to 100%).

LASOoa is a tougher material compared to LASO TCTP

. . . ( )
Viscoelastic properties are sequence dependent > (3
/

Sébastien Benizri, et al. Biomater. Sci., 2021, 9, 3638-3644



Viscoelastic properties

Step-strain measurements

i
\3
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Step-strain experiments of A) LASOTCTP and B) LASOa hydrogels (13.9 mM)
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Hydrogels

at 37°C and with a fixed angular frequency of 1 Hz. The gels were swept from 0.03% (structuration
step) to 30% (destructuration step) shear strain and then back to 0.03% (structuration step) shear strain.

Both LASOa and LASO TCTP biomaterials are thixotropic

Sébastien Benizri, et al. Biomater. Sci., 2021, 9, 3638-3644



Gel morphologies HYd rogels

LASOa and LASOy¢rp —
based gel exhibited dense supramolecular
networks with fibers of 10-20 nm in

diameter.

Non-gelator molecules (LON¢y,), cryo-SEM
images showed simple micellar systems of
1020 nmin size

Cryo-SEM images of (A) LASOaq, (B) LASOTCTP at 13.9 mM in PBS 1x (scale bar 100 nm)
Sébastien Benizri, et al. Biomater. Sci., 2021, 9, 3638-3644



Supramolecular systems HYd rogels

A

Hydrophobic micellar core

HN

Supramolecular
a } assembly
o O'?'OJA'A'C'T'T'G TTTCCTGCAGGTGAS —
OYN * OH
|
o

LASO

14 nm

0”0 o
:o: s KNH
0-P-O-AACTTGTTTCCTGCAGGTGAT HO A
O, N. * OH v
)

'y £YDLDDVODLIOLLLDLLOV-V-0dO.
Nug ) ©T8 o
[ R :

Micelle-micelle supramolecular interactions stabilizing an entangled pearl-necklace
network at the nanoscales

Sébastien Benizri, et al. Biomater. Sci., 2021, 9, 3638-3644



Hydrogels

In vivo injection

IP
5 Kidneys Lungs Brain
Whole mice LASO IV/SC 3 %
s 28
S e S
s 1 - '&\ EETS 3
D SC = g i
S 4x10! - -
£ -
3 i
c 2x101 - s i
() TE
a
£ o Lmm == FeoTe
2 i1s =
3 T4 T11 I HPS | . i
Endpoints (days) % A | . ‘ . i -
"T® Te T To Ta T T T Ta To T Th

Fluorescence intensity on mice organs after IV and SC administrations of Cyanine 5 — LASOTCTP
Sébastien Benizri, et al. Biomater. Sci., 2021, 9, 3638-3644 (grey)/ASOTCTP (black) (n = 5).



Controle de la
conformation ?

Cas du TBA

(aptamere de la thrombine, anticoagulant)



Structure des G-quadruplexes
paralléele, hybride et antiparallele

L

Paralléle Antiparallele Antiparallele Hybride

L’aptamére de la thrombine (TBA) est antiparallele



Controle des topologies de G4 ?

Ellipticity (mdeq)

T T T vl T T T T T T
10 230 7250 270 290 310 330 |
A (nm) Anti-//

Starting conditions: 5mM KCI, 10mM phosphate buffer, 40°C TBA

» The parallel form of TBA could act as a prodrug provided the process can be reversed

B. Vialet, N.D. Bansode, A.Gissot, and P. Barthélémy Bioconjugate Chem. 2023, 34, 1198-1204



Toward a photo cleavable TBA prodrug

PhOtO-SWItCh

Biologically-active TBA

e = .
{

Low ionic '
strenght Physiological
i conditions
TBA
antiparallel i photocleavable linkage
or e
parallel lipid
: photocleaved linkage

- B. Vialet, N.D. Bansode, A.Gissot, and P. Barthélémy Bioconjugate Chem. 2023, 34, 1198-1204



Toward a photo cleavable TBA prodrug

TBA TBA
(// fold) AY <\
5 o 0._.0
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Controle de la
conformation

Impact sur Uactivité biologique ?



Nucleolipid-modified G4-decoy oligonucleotides as anticancer drug?

Intramolecular parallel G4

Oncogene (KRAS, cMYC)
Promoter
| Challenges
| \\\°b; ‘J./
maz a1 | =2 & il
Ay v’ Stability

Lipid conjugated tetramolecular parallel G4

v' Controlling the topology
v' Delivery into cells

Oncogene (KRAS, cMYC)
Promoter

Cancer cell

F. Kivunga, J. Garcia, J. Lagouarde, P. Korczack, A. Beaurepaire, V. Baylot, B. Vialet, T. Kauss, and P. Barthélémy, IRT, Tokyo, Sep 2024



Nucleolipid-modified G4-decoy oligonucleotidesas anticancer drug?

37°C 90°C
— Intracellular Extracellular
G42
100 G43
= Lipid G42
= Lipid G43
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Oligonucleotide Concentration (10uM)

Conjugués lipidique
v'  Stabilise des G4 paralléle dans les conditions extra et intra cellulaire
v Autorise l'internalisation dans les cellule

v Diminution de I'expression des Oncogénes KRAS et cMYC

F. Kivunga, J. Garcia, J. Lagouarde, P. Korczack, A. Beaurepaire, V. Baylot, B. Vialet, T. Kauss, and P. Barthélémy, IRT, Tokyo, Sep 2024
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Oligonucléotides bioconjugues

v “Self-delivery” des sequences ASOs in vitro et in vivo sans agents de
transfection (pas de formulation)

v les LASOs sont des NCE (New Chemical Entities)

v" API for Nano-formulation (co-delivery)
v’ Responsive nanomaterials

v' Control of G4

Inserm{IEEE)
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Contexte des conjugués des acides nucléiques
Conjugués peptide-oligonucleotides

N .
H |
J N. O
Cholesterol/a~tocopherol \ (i) Conjugation 0

(0] / (i) Deprotection

HJK©\ i O._.0
0 N\ P”
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0> p-0 S

I} \
o l leoti
protected oligonucleotide unprotected oligonucleotide

(B)
O
A~ O H H R\ O
L\ VA VAN HN™
4N X 0 2N X
HoL L HoL L o
N H’ \T/ 4-FB-DNA N H’ X
Ab-HyNic Ab-DNA

Molecules 2021, 26, 5420



Contexte des conjugués des acides nucléiques
Conjugués peptide-oligonucleotides

pH sensitve linker

protected oligonucleotide

@\N:CN \C,)_o_/\/\ CPG unprotected oligonucleotide
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Aliphatic amines
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p-anisic acid (anisamide)
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The increased cardiovascular disease (CVD) risk is not satisfactorily
addressed by current therapeutic approaches based on statins.

=>PCSK9  How does PCSK9 work? How does Inhibitors work?
=> Apo(a) PCSKQ inhibitor
Plasma ) & S (monoclonal antibody)

\DLA “/ LDi J

s " ."‘Q s_

PCSK9 I j ﬁ b "
ﬁtcsm é J y ﬁ ? ﬁ j j j A
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Nt degradation recycling g 2
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Lipids M ) s,
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Lol Vesicle 32
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< i e .S
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a) Secreted PCSK9 binds to LDLR on the liver cell surface and mediates the b) In the presence of a monoclonal antibody that binds to PCSK9, the

lysosomal degradation of the complex formed by PCSK9 - LDLR - LDL. PCSK9-mediated degradation of LDLR is inhibited, resuting in an increased ~ // / /
uptake of LDL-cholesterol by LDLR as more LDLR are recycled at the cell
surface.



CH=MBIOPHARM

Palma Rocchi

. 7z
E pharmaceutics ml\l)\Py

Article

Nucleoside-Lipid-Based Nanoparticles for Phenazine Delivery:
A New Therapeutic Strategy to Disrupt Hsp27-elF4E
Interaction in Castration Resistant Prostate Cancer

Hajer Ziouziou 1?4, Clément Paris 14, Sébastien Benizri 3, Thi Khanh Le !, Claudia Andrieu !, Dang Tan Nguyen 1,
Ananda Appavoo 3, David Taieb 14, Frédéric Brunel 5, Ridha Oueslati 2, Olivier Siri 5, Michel Camplo 5,
Philippe Barthélémy 3* and Palma Rocchi **

Pharmaceutics 2021, 13, 623.
https://doi.org/10.3390/pharmaceutics 13050623



CH=MBIOPHARM
Topic 2 Improving the delivery of APIs
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Pharmaceutics 2021, 13, 623.



CHEMBIOPHARM

N PDou.pEGzooo. NPDOTAU-phenazine
Control DMSO phenazine #14 #14

—

DOU-PEG2000 DOTAU phenazine #14

Confocal microscopic distribution of phenazine #14, NPDOU-PEG2000-phenazine #14, and
NPDOTAUphenazine #14. PC-3 cells were treated at 100 uM with phenazine #14 (last panel), NPDOTAU-
phenazine #14 (right panel), and NPDOU-PEG2000-phenazine #14 (left panel) with DMSO (upper right
panel) as confrol.

Pharmaceutics 2021, 13, 623.



Cellular viability (%)

PC-3 MTT viability Test

140
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Apoptotic cells quantification

NPDOTAU-phenazine #14 inhibits cell viability and increases
apoptosis of PC-3 cells in vitro

ase sub GO apoptosis (%)

Ph:

Pharmaceutics 2021, 13, 623.
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Impact on tumor volume evolution in vivo

NP DOTAU-phenazine #14 can disrupt Hsp27/elF4E interaction
and treat CRPC with a good clinical tolerance of preclinical models

Eucaryote initiation factors -> therapeutic targets

Pharmaceutics 2021, 13, 623.



Alternative strategy

Phenazine#14

| Nanocomposé TCTP-LASO/ Phenazine#14 | 2,920
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IV injection
Fluorescence

intensity (AU)
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SC injection
Fluorescence
intensity (AU)

Pancreas
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Fluorescence
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Fluorescence intensity on mice organs after [V and SC administrations
of Cyanine 5 — LASOTCTP (grey)/ASOTCTP (black) (n = 5). Twofactor
ANOVA analysis followed by a Tukey test. *: p < 0.05; **: p < 0.01;
***:p <0.001 and ****: p < 0.0001.



