Subject 2: Scale up and cryopreservation of the cell therapy product
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Perspectives

= Engineering complex tissues containing different retinal cells (photoreceptors, RPE,
endothelial cells,...) to address different types/stages of retinal diseases

= Generate hypoimmune cells in order to reduce the need of iImmnunosuppressors

= Address the use of extracellular vesicles (EV) for acellular neuroprotective therapy or in
combination with cell therapy product engraftment

= Use Atrtificial Intelligence in combination with bioproduction to decrease cost production
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= Unique selling points
= Leading the one of the two French clinical trial using hPSC

= Capacities to develop translational clinical programs from basic research to
clinical trials

= Unique technical and R&D platforms for bioproduction, genetic engineering, and
genomic analysis
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Next-generation virotherapy by combining disruptive
rational design and directed evolution for vector
development
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Abstract

Our laboratory has a sound expertise in molecular virology and evolution applied to
virotherapy. We aim at conceiving surface viral proteins that drive transduction by lentiviral
vectors or infection by oncolytic viruses selectively toward cancer cells. The lack of vectors or
viruses endowed with sufficiently marked selectivity for targeting cancer cells in vivo is the
main obstacle for an extensive use of anticancer virotherapy in clinics. At present, in fact,
only the administration of the treatment directly inside the cancer lesion has been carried out
in clinical trials. This constraint, though, limits the applications of virotherapy to cancers with
a unique lesion, while most forms encountered in the clinics, as those presenting more than
one lesion, diffuse forms and metastatic cancers, cannot be treated. Furthermore,
administration in situ, also demands complex medical infrastructures, more specialised
medical agents and is more expensive than a systemic administration. Our approach is to
combine disruptive rational design of recombinant proteins and a novel method of directed
evolution that exploits some properties of lentiviral replication for producing and marketing
lentiviral vectors/oncolytic viruses that can be administered systemically to patients. In our
approach, specificity is conferred by surface markers present on cancer cells. Hence,
besides cancer treatment, our approach also applies to the production of viral vectors useful
for all cases of gene therapy aimed at targeting a specific subset of cells in the human body,
provided that specific surface markers are known.

Research area
Production of innovative tools for gene therapy

Synopsis

We develop anticancer virotherapies, focusing on lentiviral vectors and oncolytic viruses, by
innovative directed evolution approaches and disruptive rational design of glycoprotein
envelopes for in vivo specific cell targeting with unpreceded ability for specific targeting.

Interests

ariis bpi fanesh  Inserm leem

les entreprises

bbb semedicament

297



Gene therapy;Oncolytic viruses;Viral vectors;Oncology;Specific targeting; Translational
research
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Subject 1
Retrovolution : an innovative directed evolution for envelope glycoproteins
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Subject 2
Disruptive design of a viral's envelope glycoprotein for specific targeting
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= Perspectives:

= Extend the validity of our results from tissue culture to animal models in sight of
preclinical assays

= Apply our approach to target other types of cancer cells
= Follow the same approach for targeting non-cancer cells for gene therapy
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Unique selling points

Directed evolution occurring in the same vector that will be used for the final
application

Use our disruptive approach of rational design of recombinant proteins for other
proteins

Competences ranging from the initial design of the proteins to the functional test
of the vectors or viruses in cell culture and in preclinical models

304



Selected bibliography

Duvergé A and Negroni M

Pseudotyping lentiviral vectors: when the clothes make the virus
Viruses, (2020), 12, 1311; doi:10.3390/v12111311.

Coulibaly S, Rossolillo P, Winter F, Kretzschmar F, Brayé M, Martin DP, Lener D, and Negroni M
Potent sensitisation of cancer cells to anticancer drugs by a quadruple mutant of the human deoxycitidine kinase.
PLoS One, (2015) 10(10): e0140741. doi: 10.1371/journal.pone.0140741.

Rossolillo P, Winter F, Simon-Loriere E, Gallois-Montbrun S, and Negroni M
Retrovolution: HIV-driven Evolution of Cellular Genes and Improvement of Anticancer Drug Activation
PLoS Genetics (2012) 8(8): €1002904; doi: 10.1371/journal.pgen.1002904.

Coulibaly S, Rossolillo P, Negroni M
Mutant human deoxycytidine kinase
Patent application n. EP 15 305 545.4, filing date April 13, 2015; International application n. PCT/EP2016/058137, filling date April 13, 2016.

Negroni M, Gallois-Montbrun S, Rossolillo P, Di Bartolo V, Uze G, Simon-Loriere E, Marquet R, and Vivet-Boudou V.

Lentiviral-based vector and its use in directed evolution of genomic regions, genes and polynucleotides. Patent application n. EP 09 290 856.5,
filing date November 10, 2009; International application n. PCT/EP2010/067246, filing date November 10, 2010 (publication n.
W0O/2011/058081).

305



Technologies and Gene Therapy for Deafness

First Name Yann
Last name NGUYEN
Email yann.nguyen@inserm.fr

Laboratory Institut de I'audition, Institut Pasteur/Inserm/Université Paris Cité
City PARIS

Keywords

Genetic hearing loss
inner ear

deafness

Otology

Robotics

AAV

Gene therapy

Abstract

The TGTD team led by Dr. Saaid Safieddine and Prof. Yann Nguyen focuses on innovative
technologies and gene therapy for deafness and balance disorders with recent notable
contributions in the context of DFNB9 auditory synaptopathy. This recessive form of
deafness is linked to otoferlin, a protein encoded by the OTOF gene, essential for glutamate
exocytosis in auditory sensory cells (inner hair cells). We have achieved a significant
breakthrough by showing that AAV gene therapy with either murine or human cDNA
administered to the profoundly deaf otoferlin-null mice at P30, effectively reverses deafness
phenotype (Akil et al., PNAS 2019). This groundbreaking result paved the way for gene
therapy in humans with the ongoing clinical trial, under the RHU Audinnove project, which
actively involves our team.

Meanwhile, we develop robot-based technologies to ensure an atraumatic access and drug
delivery to the inner ear. We are now bridging the gap between animal’s models and patients
in order to treat patients. Our technology and expertise can also be transferred to other
malfunctioning genes implicated in hearing loss or balance disorders affecting the inner ear.
We expect from these two Hybryd Days to meet potential industrial partners to accelerate
clinical transfer of these therapies.

Research area
Gene therapy for hearing loss

Synopsis

The team's aim is to develop effective gene therapies for hearing and balance disorders by
optimizing therapeutic vectors and their delivery systems. We combine fundamental scientist
and ENT surgeons in the team to close a bench to clinic loop. Our team will constitute a
flagship project for the IHU Reconnect

Interests

ariis bpi fanesh  Inserm leem

les entreprises

bbb semedicament

306
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= Objectives:

= Design animal model to decipher hearing loss genetics mechanism

= Build genetic impairment specific therapy

= Optimize viral vector and surgical approach

= Screen, diagnose, recruit and treat patients for genetic hearing loss

= Tools:

= Animal models with full genotyping and phenotyping platform dedicated to hearing
and balance pathologies

= Viral vector library generation and selection adapted to genetic aetiology and
intracochlear cell type targeting

Surgical expertise to access inner ear with worldwide leadership on robotics for
hearing loss surgery
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Gene therapy restores normal otoferlin expression and hearing in DFNB9 mouse model

= Results

Gene therapy led to:

Otoferlin expression restored Hearing restored to normal thresholds
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Extended time window for restoring inner ear function by gene therapy in a preclinical model of Usher 1G
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Ongoing project: Gene therapy to prevent inherited progressive deafness
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Ongoing project: Gene therapy to prevent inherited progressive deafness
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* In vitro viral transduction of AAV in human inner ear cells, collected during
vestibular schwannoma surgeries

= Results:

=  For the first time we were able to select the best viral vector for transfection in
human inner ear explant

To examine the cellular tropism of commonly used AAV serotypes in preclinical animal models
through human inner ear explants.
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= Perspectives:

=  Clinical transfer and treatment of OTOF patients
= Design and transfer of other genes therapies
= Atraumatic vectorization of drug to the inner with robot-based technology

= Apply these treatments on the largest cohort of adult and children patients
suffering from genetic hearing loss in France in Pitié Salpétriere Hospital and
Necker Hospital
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Unique selling points

Team composed of half and half researchers and clinicians
Longstanding experience on animal model of hearing loss
Efficient results on gene therapy on animal model

Previous work on all models required from bench to clinical transfer (cell culture,
organ explant, mice, non-human primate, adult and children patients)

Close partnership with largest french referral ENT departments for adult and
children specialized in hearing loss technologies

Team part of the futur IHU Reconnect with a rich research environment at the
Institut de I'audition and 3 majors academic Hospitals
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Abstract

Our research interests focus on the development of innovative biotherapies to improve
cancer treatment. Deciphering the complexity of antitumor innate immune response with the
support of biotechnological innovation is crucial to rapidly increase scientific knowledge in
immuno-oncology, to discover novel molecular and cellular targets and biomarkers, to
identify novel biotherapeutic approaches and to foster the development of innovative cancer
biotherapies.

Through the development of integrative research programs in adoptive myeloid cellular
therapies and nanomedicines for cancer treatment, our clinical and basic research objectives
aim (i) to identify and target new innate immune checkpoints, (ii) to genetically “arm”
monocyte-based adoptive cellular therapies with innovative delivery systems to better target
and destroy cancer cells and (iii) to stimulate in situ vaccination against solid cancers. Our
integrative research programs are expected to support the development of next-generation
cellular immunotherapies for hard-to-treat solid cancers such as triple negative breast
cancer, lung cancer, liver cancer, pancreatic cancer and childhood cancers.

Research area
Biotherapy and therapeutic innovation in oncology

Synopsis
Next-generation monocyte-based cellular immunotherapies for solid cancers

Interests
Gene therapy;Oncology;Immunology/Immunotherapies;Specific
targeting;Biomarkers;Nanotechnology; Translational research;Clinical research
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Objectives:

To identify and target novel immune checkpoints dictating tumor phagocytosis and
functional reprogramming of tumor-associated macrophages,

To engineer and characterize “armed” monocyte-based adoptive cellular therapies for
unleashing novel innate immune checkpoints,

To support the development of next-generation monocyte-based cellular
immunotherapies and combinatorial strategies for the treatment of hard-to-treat solid
cancers.

Tools:

High content molecular screening platform for tumor phagocytosis,

Lentiviral- and/or lipid nanoparticle-based gene editing for phagocytosis immune
checkpoint abrogration, CAR expression and tumor-associated macrophage
reprogramming,

Functional in vitro (cell lines and primary cells) and in vivo (immunodeficient,
immunocompetent and humanized mice models) assays with monocyte-based
cellular immunotherapies and combinatorial therapies for hard-to-treat solid cancers.
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Topic 1: Basic and translational research on macrophage
phagocytosis immune checkpoint and functional reprogramming

Results:
= Discovery of a non-cell autonomous modality of macrophage proinflammatory activation
that starts with tumor phagocytosis,

= |dentification of cyclin-dependent kinase inhibitor CDKN1A (p21) as a master regulator of
tumor cell phagocytosis through SIRPa transcriptional repression,

= In-vitro and in-vivo characterization of the antitumoral and immunological activities of p21-
engineered macrophages.

Legend: p21 overexpression overcomes the phagocytosis immune checkpoint CD47-SIRPa (A) and acts as a trigger
of phagocytosis-guided proinflammatory macrophage reprogramming (B) (Allouch et al., Nat Commun (2022)). 394



