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RNA-based therapies & COVID-19g
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RNA-based therapies & COVID-19
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DNA Proteins
Source code of life Data carrier of code Functional targets
Carries unlimited genetic information Carries target-specific instructions for Basic building blocks of all cells in
making a protein from a gene to the the body - antibodies, hormones &
site of translation enzymes are central to health
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&> mRNA clinical trials are trending up
mRNA trials and sponsors, 2005 - 2020

Number of Trials Number of Sponsors
Column Line

125
200

100
150

75
50 100
25 I 50

0 0
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

mmmmm MRNA, Number of Trials —— mRNA, Number of Sponsors €2 CBINSIGHTS

Source: clinicaltrials.gov




RNA-based therapies
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RNA-based therapies expand the druggable targets
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Use of small RNAs as therapeutic tools

o5,

TP T GSRNA

1. Similar structure (~20 nt in length)

2. Both share the processing machinery

3. Similar effects over translation repression or mRNA cleavage

4. Both use the complementarity of bases to repress target expression Trakionsd apreaiia I Dlaerin

He & Hannon, 2004, Nature Reviews Genetics @




Proof of Concept: Developing RNA therapies for Neuroblastoma

Currently, there is no approved therapies for refractory or relapsed Neuroblastoma
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[Urgent need for more efficient and less toxic treatments, such as RNA-based therapies} @



Tumor suppressive miR-323a-5p, a miRNA restoration therapy for NB
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Challenges of RNA-based therapies

Low Low Low endosomal Immune
bioavailability internalization escape response

[ But for RNA administration a nanovehicle is required}

Until now the main bottleneck of RNA-based therapies is the lack of a standard

formulation for clinical administration, because nanocarriers under development present:
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Challenges of RNA-based nanotherapies
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Table 1| Selected RNA therapeutics approved and in development

Drug Company Indication Status
AS0
Eteplirsen (Exondys 51)  Sarepta DMD Approved (2016}
Musinersen (Spinraza)  lonis/Biogen SMA Approved (2016)"
Inotersen (Tegsedi) lonis/Akcea/PTC hATTR Approved (2018)
Volanesorsen (Waylivra)  lonis/Akcea/FTC FCS Approved (2019)®
Golodirsen (Vyondys 53)  Sarepta DMD Approved (2019}
Viltolarsen M5 Pharma DMD NDA
Casimersen (SRP-4045)  Sarepta DMD NDWA
TOI230 lonis/Akcea/Movartis Hyperlipoproteinaemia  Fhase il
(AKCEA-APO{a)-L,, ) with cardiovascular risk
Tofersen lonis/Biogen 50D1-driven ALS Phase Il
IONIS-HTT,, lonis/Roche Huntington disease Phase Il
[ Trabedersen {(OT-101) Mateon (Oncotelic) Brain cancer Phase I
Volanesorsen lonis/Akcea FPL Phase Il
siRNA
Patisiran (Onpattro) Almdam hATTR Approved (2018)
Givosiran (Givlaari) Almdam AHP Approved (2019)
Lumasiran Almdam Hyperoxaluria NDA
Inclisiran Almylam/MNovartis (The Dyslipidaemia/ NDA
Medicines Company) hypercholesterolasmia
QR-110 ProQR Leber’s congenital Phase Il
amaurosis
Wutrisiran Almdam ATTR/MATTR Phase Il
QP-1002 Ouark Renal disease/failure,  Phase |l
delayed graft function
Tivanisiran (5YL1001) Sylentis Diry eye Phase Il
Fitusiran Alnylam/5anofi Genzyme  Haemophilia A and B Phase Il

AHF, acute hepatic parphyria: ALS, anvwotrophic lateral sclerosis; ASQ, antisense oligonucleotide;
DMD, Duchenne muscular dystrophy: FC5, familial chylomicronasemia syndrome: FPL, familial partial
lipodystrophy; hATTR, hereditary transthyretin amyloidosis; MDA, new dreg application; SMA, spinal
muscular atrophy. “This refers to approval in the USA by the FDA, which was the first major market
approval for all agents. "Volanesorsen (Waylivra) is approved in the EL, but is still at MDA stage in the
USA. Souwrce: Biomediracker, Informa, June 2019: updated |lanuary 2020,

Local
administration

Published: 17 January 2010
Rational design of cationic lipids for siRNA delivery
Sean C Semple B akin Akine &, [...] Michael J Hope

Nature Biotechnology 28, 172-176(2010) | Cite this article
4445 Accesses | 812 Citations | 16 Altmetric | Metrics

> Angew Chem Int Ed Engl. 2012 Aug 20;51(34):8529-33. doi: 10.1002/anie.201203263.

Epub 2012 Jul 10.

Maximizing the potency of siRNA lipid nanoparticles
for hepatic gene silencing in vivo
Muthusamy Jayaraman 1 Steven M Ansell, Barbara L Mui, Ying K Tam, Jianxin Chen, Xinyao Du, David

Butler, Laxman Eltepu, Shigeo Matsuda, Jayaprakash K Narayanannair, Kallanthottathil G Rajeev, Ismail
M Hafez, Akin Akinc, Martin A Maier, Mark A Tracy, Pieter R Cullis, Thomas D Madden, Muthiah

Mancharan, Michael J Hope

Affiliations 4+ expand

Hepatic

diseases High cost

Sheridan M. Hoy &

Approved by
FDA in 2018

Adisinsight Report | Published: 24 September 2018

Patisiran: First Global Approval

Drugs 78, 1625-1631(2018) | Cite this article

1851 Accesses | 82 Citations | 4 Altmetric | Metrics

siRNA delivery in vivo

T2, Maire Osborn 1 2, Anastasia Khvorova ' 2

Affiliations 4 expand
PMID: 30544191 PMCID: PMC6379722 DOI: 10.1093/nar/gky1239

PMID: 22782619 PMCID: PMC3470698 DOl 10.1002/anie.201203263

Until now the research of a suitable nanocarrier to

. deliver RNA therapies is still a challenge in the field

> Nucleic Acids Res. 2019 Feb 20;47(3):1082-1096. doi: 10.1093/nar/gky1239.

Diverse lipid conjugates for functional extra-hepatic

Annabelle Biscans ' 2, Andrew Coles ' 2, Reka Haraszti ' 2, Dimas Echeverria ! 2, Matthew Hassler




Nanocarriers from the past to the future

Liposomes Quatsomes (QS) Llpld nanoparticles (LNP)
New nanovesicles resulting from the i ?

self-assemblinzgi Bk ernary 1t Solid or liquid nanoparticles made of

. ¥ ionizable and neutral lipids
ammonium surfactants and sterols ¥

Nanovesicles made by the self-
assembly of amphiphilic molecule

@ High polidispersity
@ High aggregation

(#) High homogeneity H (¥) High homogeneity

O High colloidal stablhty @ Stability under certain condltlons ;

—"



Quatsomes nanocarrier

To implement RNA-based therapies into clinical practice, they will be conjugated with the

outstanding Quatsome nanocarrier.

®© ® © © O 0O

High High Conjugation Non-toxic Targeted Scale u Patented
homogeneity stability of RNAs in vivo therapy P technology

Nanovesicles and its use
for nucleic acid delivery
PCT N°: PCT/EP2020/063195
filed in May 2020;
W02020229469

Depressurization of a
| Expanded Liquid Organic
# Solution - Suspension (DELOS-

Susp) (W02006079889)
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miR-323a-5p loading per QS [miR-323a-5p] QS;-miRNA QS,-miRNA QS;-miRNA QS,;-miRNA  MiRNA naked

UFH SDS UFH SDS UFH SDS UFH SDS 100% 50% MW

i () (=) e e =

< 80bp

< 50bp
< 30bp
< 21bp

QS-miR-323a-5p Naked miR-323a-5p

RNAse A incubation time + SDS addition

MW QS NT 0 30 1th 2h 4h 30" th 2h 4h 0O NT

@ High loading of sRNAs

500bp »> R Y Y Y
eversible conjugation
100bp » @ ] g

25bp »

() Protection from RNAses

Boloix A et al., 2021, Manuscript submitted Boloix A et al. Small. Under minor revisions ‘
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Quatsomes can increase miRNA levels with very low cell toxicity el o QM,!EMAB
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QS-mIRNA conjugates internalize by non-endocytic pathways

©
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But... Is the miRNA arrival in the citosol sufficient to induce molecular effects on its target genes? O

Boloix A et al. Small. Under minor revisions



QS4—miR-323a-5p reduce neuroblastoma cells proliferation
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MIRNAs are released from QS?

The labelling of & Dil
. Quatsomes and miRNAs

Cargo ' llow the intracellular
tracking of conjugates

. using FRET technique
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Only QS, release mIRNAs into the cytosol

INSTITUT DE CIENCIA DE MATERIALS RCELONA.
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Quatsomes can also conjugate and deliver sSIRNAs

siRNA loading per QS
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But...Can QS production be scaled-up?

REACTOR VOLUME

25-75 ml of 250-750 ml of >1 L of >8 L of
K nanovesicles J Q’movesmles nanovesicles nanovesicles

» GMP compatibility positively evaluated for both batch and continuous system
» Quality by Design approach.

» Cost study at industrial scale available for DELOS production of APIs particles. Economically
and Environmentally Viable in comparison to conventional manufacturing processes

| Cabrera et al. Nano Lett., 2013, 13, 3766-3774
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MiR-323a-5p is released from QS, after in vivo administration

Untreated (n=3)

[CmiRNA] = 2 mg/kg or 42.55 uM PIQS,-miR-Control (n=3)
[CP'QS, ] =1,52 mg/mL or 0,75mM DIQS,-miR-323a-5p (n=3)

| /\ N é’o‘%“e}
! | 4 | C0 @ P @ A
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Renal clearance
(NP D}, < 5-10 nm)

Hepatic clearance
(NP D}, < 50 nm)

(NP D, >100 nm)

Spleen

EPR effect .f 090&
(NP D, < 500 nm) C S

e e mm s mm s mm s mm s mm s = s = s mm s mm s s Em s = s = s = s mm s s s S s = s e s mm s mm s mm s m s em = s = s sy

For cancer treatment, the local
administration of RNA therapies
is preferred to ensure efficacy

RES clearance
(NP D, > 200 nm)

Pulmonary clearance

T

1. Surface decoration with polyethylene glycol (PEG)
‘* Less aggregation
' and RES uptake Immunogenicity

2. Morphology, composition and charge maodification

Improved

delivery
3. Active targeting with targeting peptides

‘ Quatsomes
N MIRNA
& Targeting unit Targeted

thera
v Target receptor Py

Neuroblastoma cells @
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In the near future: Intratumoral efficacy of QS,-miR-323a

Untreated (n=3)
PilQS,-miR-323a-5p (n=15)

Tumor growth

5-10° cells SK-N-BE(2)
explant injection (aprox 2-3
weeks before) (n=25)

Ex-vivo (n=3) Ex-vivo (n= 3) Ex-vivo (n=3) Ex-vivo (n=3) Ex-vivo (n=3) Ex-vivo (n=3)
Untreated mice 323a mice 323a mice 323a mice 323a mice 323a mice

T

* Weigh tumors ex-vivo
* gPCR miRNA levels
* WB

IVIS Ex-vivo (n= 12)

(25
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