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Restitution orale des visites de plateformes d’analyse
et laboratoires de recherche

Description :

Le but de cet exercice est de présenter la visite effectuée dans le cadre de L'UL 363.
Par groupe, les étudiants devront présenter brievement le contexte scientifique ainsi que
les méthodes observées lors de la visite. Les étudiants devront €galement trouver un
article scientifiqgue présentant une ou plusieurs techniques présentés et expliquer les
résultats. Les étudiants devront également présenter les limites et les avantages des
techniques utilisées ainsi que leur ressentis personnels.

Durée de la présentation : 15 min + 5 min de questions.

Objectifs d’apprentissage :
« Interpréter, évaluer, résumer et classer des informations scientifiques.
« Appliquer des compétences de présentation scientifique.
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Acides nucléiques a visées thérapeutiques

Physiological
Response
protein

®
universite
PARIS-SACLAY




Acides nucléiques a visées thérapeutiques

Liens d’intéréts :
e Contrat recherche Sanofi

Physiological
Response
protein
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Acides nucléiques a visées thérapeutiques
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Acides nucléiques a visees thérapeutiques

« Rajout ADN * Rajout ARNS * Autre

Physiological
Response
protein

.......

« Supprimer ADN -« Bloguer/modifi
- Modifier ADN er traduction

®
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Acides nucléiques a visees thérapeutiques

« Plasmide « ARNmM « Aptameres
o Virus
Physiological
Response
protein
 Technologie « MiRNA / anti-miRNA
CRISPR/cas9 (antagomir)
* SIRNA
 ASOs (antisense
oligonucleotide) .
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Biologics in 2023

Oligonucleotides
Approvals by modality

~ siRNA

Antisense
RNA aptamer
H Proteins
ormone
. : " Small Molecules
Fusion protein— ~——Radiolabelled
Enzyme
T - A Peptide

Bispecific Ab~

Small molecule

Adapted from Muller A, 2023 FDA approvals Nature Reviews in Drug Discovery, Jan 2024. .
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Acides nucléiques a visees thérapeutiques
Vaccins plasmidiques

Plasmid DNA

Transfection Transfection of

of \P( som atic cells
An lig :

\pop otic cells

\ lig ;m\i g APCs
vel to dni ing ly mph

nodes
\Ill(
An libodiﬂ
e

Plasmide contient genes codant protelnes [ peptides
specifigues au pathogene.

B ells activation

Dans APC:
ADN transcrit — peptides sont reconnus comme etrangers

— peptides sont présentés comme antigene (niveau CMH 1) .
universite
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Acides nucléiques a visees thérapeutiques
Vaccins plasmidiques

Table 4. DNA vaccines approved for veterinarv use.

Type Species Target Product/Company Ll::f: h_d; = . dn;R:lﬂn].il::r:iiu-n Benefits

Prophylactic R West Nile-Tmovator - : Production of
P Horses West Nile Virus Fort Dodge Amimal 2003 USA L : o
vaccine Health protective anhibodies
Infections ] _ Stimulation of innate and
Pru_ph}'.]acnc Salmeon haematopoietic _""‘LPER-HJ MNovartis 2005 Canada ™ adgptre Immune responses
vaccine necrosis virus (THNV) Animal Health mmproving the welfare
) and product yield
Production of antibodies
Immunotherapy _ - : " - ? capable of preventing the
of cancer Dogs Melanoma Oncept™ Menal 2010 USA D needle-free. progress of the disease and

prolonging the amimal’s life
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Acides nucléiques a visees thérapeutiques
Vaccins plasmidiques : Oncept (USDA, EMA)

Oncept Melanoma contains a plasmid DNA expressing the gene coding for the human tyrosinase, pINGhT,
in an aqueous solution. The principle of xenogeneic DNA vaccination was applied with Oncept Melanoma
to overcome immunelogical tolerance to canine tyrosinase in dogs with melanoma. The xenogeneic
(human) tyrosinase protein is foreseen to stimulate in dogs an immune response, cross-reacting with
canine tyrosinase protein and canine melanoma cells expressing the canine tyrosinase.

Kanamycin cassetie ORI

Vaccm a ADN contre Ie melanome canin

_gaL\Lg EPT" pINGITyrosinase (Human)

6408 bp

N
'S Coine Gone »
| ol Sue
£}

EcoRI (2885)

“The bacterial and plasmid DNA itself contains immunostimulatory sequences that
may act as a potent immunological adjuvant in the immune response”

“DNA is relatively inexpensive and simple to purify in large quantity.” universite
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Acides nucléiques a visées thérapeutiques

Modification Modification
des cellules des cellules

IN VIVO EX VIVO

Solution
d’ADN nu
N/ \

Injection
intraveineuse,
Intramusculaire,

intrapéritoneale,

———] aérosol...

Liposomes

Infection
des cellules

en culture

Gene
therapeutique

i)

a”j .®
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Acides nucléiques a visees thérapeutiques

« Plasmide « ARNmM - Aptamer
« Virus €S
Physiological
Response
protein
 Technologie « MiRNA / anti-miRNA
CRISPR/cas9 (antagomir)
* SIRNA
 ASOs (antisense
oligonucleotide) .
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Acides nucléiques a visées thérapeutiques
Vaccins ARNmM

How mRNA vaccines work — training the immune system for a real infection:
Both parts of the immune system activated against virus

Cap
@_ Spike-@- 4 AAAA polytail 4 (A ¢
e~ P— « *A

modRNA Helper T Cell /7
formulatedin APCs present .

LNP enters cell Spike protein
fragments

Virus Neutralizing
Antibodies

Activates Bind Spike proteins and
prevent virus infection

Tand B cells
\ of human cells

Memory Tand B cells
Provide immune memory to

U Spike cps*
FEICHbe proteinis Cytotoxic :
ensure longer-term protection

made and TCell :
processed Eliminates virus infected SERRISLOERSE o

cells; potentially increases

length of protection
slon=cH (&
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Acides nucléiques a visées thérapeutiques

Vaccins ARNmM

Table 3| Clinical trials with mRNA vaccines against cancer (AS iN2017)

Antwerp University
Hospital

Argos Therapeutics

Asterias Biotherapeutics

BioNTech RNA
Pharmaceuticals GmbH

CureVac AG

DC EP with TAA mRNA (i.d. or

TAA tumor-associated antigen

DC EP with autologous tumour
mRNA with or without CD40L

mRNA (i.d. or NA)

DC loaded with TAA mRNA (NA)

Naked TAA or neo-Ag mRNA
(inod.)

Liposome-complexed TAA
mRNA (i.v)

Liposome-formulated TAA and

neo-Ag mRNA (i.v)
RNActive TAA mRNA (i.d)

AML

AML, CML, multiple myeloma

Multiple solid tumours
Mesothelioma
Glioblastoma

Renal cell carcinoma

Pancreatic cancer

AML
Melanoma

Melanoma

Breast cancer

Non-small-cell lung cancer

Prostate cancer

* NCT00834002 (1)
*NCT01686334 (I)

NCT00965224 (I)

NCT01291420 (/1)
NCT02649829 (111)
NCT02649582 (/1)

« NCT01482049 (1)
«NCT00678119 (1)
« NCT00272649 (111)
«NCT0D1582672 (Ill)
« NCT00087984 (1/11)

NCT00664482 (NA)

NCT00510133 (W)

* NCT01684241 (1)
* NCT02035956 (1)

NCT02410733 ()
NCT02316457 (1)

* NCT00923312 (I/)
*NCT01915524 (1)

* NCT02140138 (1)
* NCT00831467 (111)
* NCT01817738 (I/1)

* Completed™ ™

* Recruiting
Unknown
Unknown®™
Recruiting
Recruiting

* Ongoing

* Completed™

* Completed; results NA
* Ongoing

* Completed; results NA
Completed; results NA

Completed™®

Completed; results NA
Ongoing

Recruiting*

Recruiting

* Completed®*
* Terminated®™

* Terminated
* Completed™
* Terminated™

l “‘v-.




Acides nucléiques a visées thérapeutiques
Therapies ARNmM

Table 1| Summary of different classes of potential mRNA therapeutics

Crgan of interest Typeof therapy Disease mRMA cargo Dulivery frequency
Liwver ERT Hamophilia A2 Factor Vil Chronic injection
fendocring) Hemophilia B Factor X
Crigler-Majjar syndrome®* LGTIAY
ERT Methylmalonic ackdemia™ MMUT Chranie injection
(intracrine} Fropionic acidemia®® PCCA/PCCE
OTC deficiency” oTc
Gycogen storage disaase type 14" Glucose-5 phosphatass
Gene editing Transthyretin amvoidosis*® Casg/TTR Single injection
Urrmorine) Heriditary angloedema® Cast/KLKB1
Lungs ERT Cystic fibrosis™" CFTR Chronic injection
{intracrine]
Heart Regenarative Haart failure® VEGF-A Single injection
(paracring)
Antibody (ntracrine) Heart Fallure® Antl-PLN intrabody Single injection
Cancer Immuno-cncology Solid tumors® IL-23, IL-36, OxX40L Single injection
{irtra- or endocring) IFN-2b, GM-CSF, IL15
IL-T, CLDNG, IL-12, IL-2
Antibody Broast cancer™ Anti-HER2, COAOL, COTO, caTLR4 Chroniz injection
{andocring) Solid tumors® Anti-CLDN1S.2
Autolmmunity Immine tolerzation Autoimmune disorders” HSA-ILZm Slngle injection
fendocrine) Autoimmune encephalomyelitis® MOG Chronic injection
Multiple tissues ERT Fabry diseasa® a-Gal & Chronic injection
{(intra- or endocrine)
Geanie aditing Haraditary angioedema" Casg/KLKB1 Single injection
(intracrine)

ERT, enzyme replacament thesagy; LIGTIAYL, LDP glecuronosylransterase family 1 mesmber A7 MMUT, methylimalonyl-Cod mutase; PCCA, propiond-Cos carbosylase-o; POCE, propsonyd-Coes
carboxylasef: OTC, omithine tranecarbamylase; TTR, transthyreting KLKB, kallikrean BY; CFTR. cystic fibvogt: ranemembrans conductance regulaton; VEGE, vascular endothelial growth facter;
PLN. phasgholambang 1L, mbereuking OX 401, tumor necrases factor superfamely membser 4 (THFSF4) IFM. interferon; GM-CSE granulocyte-macrophage colomy stimulating factaon CLON, [ ]

Iversite
____NMS-SACLAY

clawding HERZ, ERB-B2 recepior tyrosine kinase 2; caTLRA, corstibuthvely sctive Toll-like recaptor 4; MSA, human sanum albuwmin; IL2m, intesleulkin: 2-mautein fusion proteing MOG 5, o myelin
oligodendrocyts glycopratein peptide; a-Gal A a-gelactosldass-A. *Sos Supplementary Table 1 for further information. *See Supplementary Table ? for further nformation.




Acides nucléiques a visees thérapeutiques
Therapies ARNmM

Vaccines Therapeutics

mRNA

I:o'o Q

Carrier @
e ®

In vivo delivery

.

Pharmacokinetics

Q‘:
<
,*\; { A
= »
3=
Clinical target L
e
b
{ =
( )\ \
-
& - » >

- Low protein expression
+ Immunogenicity favorable

« Protection against RNase

No tropism necessary

« Adjuvant immunogenic

capacity

+ Local intramuscular delivery
« Low mRNA dosage

Low toxicity risks

- Low protein threshold

Effect amplified by the
immune system

+ Immune protection
- Circulating antibodies

Immune memory

+ Prolonged mRNA stability
+ High protein expression
+ Minimization of

Carrier .

In vivo delivery

immunogenicity

- Protection against RNase

Cell- or tissue-specific
tropism

* Immune cloaking

+ Solid organ direct delivery
« Systemic delivery (liver)

+ High mRNA dosage
- High delivery efficiency

L

« Higher toxicity risks

« High protein therapeutic

Pharmacokinetics

b
b

threshold

« Limited duration of action

Chronic delivery

- Effect repressed by the

immune system

+ Enzyme replacement

« Solid cancer

Tissue regeneration

- Gene editing
« Antibody therapy

[ ]
Pb: Chronic delivery may induce activation of innate immunity universite
PARIS-SACLAY




Acides nucléiques a visées thérapeutiques
Therapies ARNmM

Formulauon e 3’ Poly-A-tail: properties such as
. 4 length, are important for
e ] a - - translation and protection of the
UTR's: translatlor\al efficiency is FRNA fiGlaculs
regulated by their length,
structures and regulatory l 3
elements.

Cap UTR o CDS (Coding Sequence):
/ Modification of sequence, such as
o . ] . codon optimization, have
5’ Cap: The efficiency of contributed to improved expression.
capping and the cap
structure impact innate
sensing and protein o Purity: removal of impurities reduces
production. innate sensing promoting expression.

Moderna
Nicholas A. C. Jackson et al, npj Vaccines 5 (2020)

universite
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Acides nucléiques a visées thérapeutiques

Stimulus

L
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Ribosbme Amino acids Protein
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Acides nucléiques a visees thérapeutiques
ARNSs interferents

* MicroARNs (mIRNA)
* ARNSs interferents (SiRNA)
— « Oligonucleotides antisense (ASO)

.,).):"'.“:,'5,:-. \
\ q q Translati
: v ransiation

RNAse H {

°
universite
Adapted from R Robinson PLPA Rip§2@ A €18KY04




Nucleic acids as Therapeutics

ARNSs interferents

Cytoplasm
= ASO
@ PremRNA -
5 i l
= ] W
il Mature mRNA
Steric block S
Splicing / \
modulation @
2 wllows mrNA
Steric Target
block degradation
Y
Cytoplasm
]
«» MIRNA gene [ E . -
2 *Fl § ®icep
S & * miRNA duplex
= )
T :
€
-Pn-I"RNA"’ § {RlSC) - {}S?,)
g Crisc :
mRNA LTI
Pre-miRNA Target Target
inhibition degrafation
-

B Cytoplasm
dsRNA
ST A
= 2 SIRNA duplex
Z miRNA gene )

ShRNA

'
.
Pre MRNA ——» mRNA %

Target
degradation

i

m‘“
die

ETY

®
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Acides nucléiques a visées thérapeutiques
ASQOs

Reducing pathological protein expression

Antisense oligonucleotides (ASOs) are small, single-stranded DNAs that can bind specific RNA sequences on
precursor messenger RNAs (pre-mRNAs) and mRNAs. The resulting RNA-DNA hybrid can induce ribonuclease
H1 (RNase H1) degradation of the targeted RNA, modulation of splicing, or blockade of translation.

Target mutations

ASOs can target RNA
transcripts that produce
disease-causing proteins.

< RNase HI degrades
. .,y RNAsin DNA-RNA hybrids

Reduced protein amounts
Target splice sites Targeted degradation of
Unique sequences at RNA or modulation of

splicing or translation

Ve reduces the expression of
disease-causing proteins.

T ~ '#n

splice sites in pre-mRNAs
can allow ASOs to
modulate RNA splicing.

Target translation & o
start sites {5 "? .
ASOs can selectively —/ L g
target translation start L =

sites in mMRNAs, which

: - X X Translation Pathological .
prevents protein translation.

start site protein production  \;arsg |té
S-SACLAY




Acides nucléiques a visees thérapeutiques

ASOs

No. ASO Drug Approval Year Indication Mechanism Ref.
Fomivirsen Cytomegalovirus EcWnieglata L gene
1 (Vi ) 1998 (}rf:w;g e ﬁ“ encoding CMV [9,10]
SRR SRR immediate-early 2 protein
” Mipomersen 2013 Familial Downregulate the gene APOB [11,12]
{Kynamrc-@) hypercholesterolemia (FH) encoding apolipoprotein B e
Rescue the expression of
3 Eteplirsen 2016 Duchenne muscular dystrophin through exon-51 [13-16]
(Exondys 51%) dystrophy (DMD) skipping of the mRNA of '
DMD gene
Increase the production of the
d Nusinersen 2016 Spinal muscular survival motor neuron (SMN) [17=20]
(Spinraza®™) atrophy (SMA) protein by exon-7 inclusion of e
the mRNA of SMN2 gene
5 Inotersen 2018 Hereditary transthyretin Downregulate the gene TTR 21,22
(Tegsedi®) (TTR) amyloidosis encoding transthyretin S
Rescue the expression of
Golodirsen dystrophin through exon-53 5
i (Vyondys 53%) 203 DAl skipping of the mRNA of 23]
DMD gene
Rescue the expression of
Viltolarsen dystrophin through exon-53 5
: (Viltepso®) £420 D skipping of the mRNA of [24]
DMD gene
Rescue the expression of
3 Ca smersen@ 2001 DMD dys Frop_:hm through exon-45 [25] .
(Amondys 45™) skipping of the mRNA of t .
DMD gene versiie

rariS-SACLAY




Acides nucléiques a visees thérapeutiques
L2 SIRNA : Patisiran (Onpattro)

 FDA/EMA 2018: Amylose héreditaire a transthyretine (TTR)
« SIRNA contre TTR mRNA dans des LPNs

universite
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Acides nucléiques a visees thérapeutiques

FDA/EMA 2018: Amylose héréditaire a transthyrétine (TTR)
« SIRNA contre TTR mRNA dans des LPNs

@ Transthyrétine produide @ fibrilles amyloides @ Signes cliniques

A Serum Transthyretin : 35
A
10+ ¢ 30
2 i
01  — i e— ry 3 Placebo

£ -10 g 254

g ™ Placebo £ 504
c e 307 =
—a— r~

8T 407 o 15 -
§ £ -50- z

¥} g ~60- < 10 A
3 =

§rF 70 & 5
= r % 125

80 —— = “yz = p=9.26 x 102

~90- Patisiran § 04
E

-0 TT—TT7T T T T T T T T T T T T T T T T T a 5

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66 69 72 75 78 81 = - PatISII’an
Weeks v -10 A
Improvement Baseline 9 Months 18 Months

universite
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Acides nucléiques a visées thérapeutiques

* Rajout ADN * Rajout ARNSs « Autres

Physiological
Response
mRNA protein

P

« Supprimer ADN
« Modifier ADN

®
universite
PARIS-SACLAY




Acides nucléiques a visees thérapeutiques

Aptameres
A

folding bindin
e L
5

5- -3 5- -3

aptamer aptamer folding target-aptamer
complex

* Oligonucléotides ADN ou ARN simple brin de 15-60 b capables de se
lier avec une haute affinité a des ligands

 Ligands : de toutes tailles, simples ou complexes : acides nucléiques,
protéines, composeés organiques, organismes (virus, bactéries)...

universite
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Acides nucléiques a visees thérapeutiques

Aptameres
A

folding bindin
= e
5'.

5- -3 5- -3

aptamer aptamer folding target-aptamer
complex

Avantages par rapport anticorps :

. Affinité de liaison élevée

. Faciles a manipuler in vitro, stables

. Moins immunogenes, moins toxiques
. Couts de production plus faibles

universite
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Acides nucléiques a visées thérapeutiques

Aptameres
« Sélection in vitro itérative : méthode SELEX
ssRNA or ssDNA Library
binc/ : %éﬂ wash plating
ey \ |
binding to o
immobilized amplification of
target individual clones

The SELEX process




Acides nucléiques a visees thérapeutiques
Aptameres : Macugen

Meécanisme d’action

Le pegaptanib est un oligonucléotide modifié pégylé qui se lie avec une haute spécificité et affinité au
facteur de croissance vasculaire endothélial extracellulaire (VEGF45) en inhibant son activité. Le
VEGF est une protéine secrétée qui induit une angiogenése, une permeéabilité vasculaire et une
inflammation, tous ces facteurs étant considérés comme contribuant a la progression de la forme
néovasculaire (humide) de la DMLA.

Approuvé FDA 2004, EMA 2005 *

universite
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Acides nucléiques a visées thérapeutiques

Barrieres
Aspirine 0,18 kda RNAI ~10 kDa Anticorps 150 kda

®
universite
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Adapted from U. Elia et al ACS Nano 2021




Acides nucléiques a visées thérapeutiques
Barrieres

Aspirine 0,18 kda Anticorps 150 kda

MRNA ~400 kDa

universite
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Adapted from U. Elia et al ACS Nano 2021




Acides nucléiques a visées thérapeutiques

 Non stable dans le corps
* Ne rentre pas naturellement dans les cellules

"l &
REYS

&

Aspirine 0,18 kda Anticorps 150 kda

MRNA ~400 kDa

universite
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Adapted from U. Elia et al ACS Nano 2021




Acides nucléiques a visees thérapeutiques
Modifications possibles

5'

HO
\—qBase

- ——o0 «—— Phosphate group

h se «—— Base

H<«— Ribose

o— P_O

(0]
Base
_@/7 Locked Nucleic Acids
CH O

3’

®
universite
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Acides nucléiques a visees thérapeutiques
ASQO : nusinersen (Spinraza)

5'

HO

o Base
| NH,
Lg ?R

T > Na®©s—-p=0 | ~N
5__p —o0 «—— Phosphate group I
O
| o N/&D
o Base <« Base
@]
) - 0 R
oH<+— Ribose
Na®€s—p=0 NH

o— T:O Cl)_ | /J%O

(o]
(0]
Base D
©6 ?_ R R:%D/\"\J’ ~
.|+ Locked Nucleic Acids Na _I?_O
9]

Spinraza is an 18-mer oligonucleotide:

where the 2’-hydroxy groups (OH) of the ribofuranosyl rings are replaced with methoxyethyl groups and
the phosphodiester internucleotide linkages are replaced with phosphorothioate diester internucleotide linkagess

universite
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Acides nucléiques a visees thérapeutiques
Vectorisation

®
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Lipid-based nanoparticles Polymer-based nanoparticles

Liposome LNP Lipopolyplex Polymeric NPs Polymeric micelles Dendriplex

siRNA-ligand conjugates Exosomes

SiRNA Aptamer :nnd

;/,) ~  Tetraspanins
7,

v Immunoregulatory
1 ti . C'\;a.“))’
a}irgs’]aenlgg Linker o Peptide <N o
_ et Adhesion molecular
Antlbody AN ..
siRNA . .
p Tumor associated antigens
conjugate Cholesterol € g

..
___ sIte
PARIS-SACLAY

.0rg/10.3390/pharmaceutics 14081586



https://doi.org/10.3390/pharmaceutics14081586

= molar lipid
ratio (%)

lonizable lipid —@+ 50
DSPC —» 10
DMG-PEG =@} 1,5
Cholesterol @» 385

SIRNA JJ 6N/P
< molar ratio

universite
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Extracellular barriers

Intracellular barriers

Systemic delivery

Macrophage

Extravasation

Endosome

mRNA

Nucleus

\/ﬁigbosome

Serum
endonucleases

Blood vessel

Extracellular matrix

siRNA or
miRNA

RAVAVAVANEEER/N/N'/N

LNP
2) mixing
Lipids in
Ethanol

Mixing
siRNA |n pH 4

2) dialyse PH 74 -

niversite
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Mizrahy S. et al. Molecular Therapy 2017




Extracellular barriers

Intracellular barriers

mRNA siRNA or miRNA

i, ’\,_u.w-‘.ﬂ"é':;-.\(,

Serum
endonucleases
Macrophage Blood v L

Extravasation

Endosome

Transcription

siRNA or
mRNA miRNA
AVAVAVAW A7 N7\

B ®

Nucleus

universite
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Extracellular barriers

Intracellular barriers

DNA mRNA siRNA or miRNA

Q . Q . © | J—
\§$\\;\>\_“J“‘M:JJ e . &1\\5\\%‘"“‘“@% % \‘_\5&"“"‘ “‘\«% :

i f ) = k-

(5 () ()

2 £ | BVAVAV AW z B R7N7N'7 -

3 £ B 3 % &

’ 7?,4)% »\.‘33.\ ‘ . a’f'{cx \Z§ . ‘ g%%m \<s; °
iy ™ LR Py e
© (&) ©

Systemic delivery

Serum
endonucleases

Blood vessel

Macrophage

Extravasation

Extracellular matrix

Endosome

Transcription

siRNA or
mRNA miRNA
AVAVAVAW A7 N7\

B ®

Nucleus
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