










Name  First Name  Title  page 

ADJALI  Oumeya 
Gene therapy using AAV viral vectors : from vector engineering to 
clinical evaluation  1 

BARTHELEMY  Philippe  THERAPEUTIC OLIGONUCLEOTIDES  2 

BEDEL  Aurélie 
Expertise in large ON‐target CRISPR‐mediated genotoxicity and its 
prevention  11 

BENNACEUR 
GRISCELLI  Annelise 

From therapeutic discovery to clinical translation of advanced cancer 
cell therapies based on pluripotent stem cells  20 

BENAROCH  Philippe 
Targeting monocytes to harness by genetic engineering the power of 
myeloid cells to promote anti‐tumor immunity  29 

BENSOUSSAN  Danièle 
Pre‐clinical development of cell culture processes and transfer to GMP 
production  37 

BLANQUART  Christophe 
Immunomodulation of tumor microenvironment and immunotherapy 
of thoracic cancers  46 

BONNET  Jerome  Programmable bacteria for diagnostics and therapeutics  48 

BUJ BELLO  Anna Maria  Next generation AAV vectors for gene therapy of muscle disorders  57 

CAILLAT ZUCMAN  Sophie  Universal CAR‐MAIT cell platform : an opportunity to treat solid tumors  65 

CASTEILLA  Louis 
Multidisciplinary approaches for stroma based regenerative and 
rejuvenative medicine  73 

COGNE  Michel 
Developing Bespoken Antibody Releasing B‐cells (BAR‐B cells) for 
therapy  83 

CORDELIER  Pierre  Therapeutic innovation in pancreatic cancer  92 

DIEU‐NOSJEAN 
Marie‐
Caroline  ILC3 and Tertiary Lymphoid Structure  102 

DONNADIEU  Emmanuel  Monitoring and optimizing CAR T cells  110 

FATTAL  Elias  Cell and Particle Engineering for Therapeutics  118 

FEST  Thierry 
Deciphering the Molecular Landscape of B‐Cell Commitment to Plasma 
Cells  126 

FORTUNEL  Nicolas  Innovations in the field of skin cell therapy  137 

GALY  Anne  Accelerating innovation in cell and gene therapy  138 

GAZEAU  Florence 

Bioproduction, engineering, and characterization of extracellular 
vesicles (EVs) and nanovectors for early diagnosis and personalized 
therapy  147 

GIOVANNANGELI  Carine  Development of genome editing tools  149 

GOUREAU  Olivier 
From retinal development to retinal repair: the use of human 
pluripotent stem cells  157 

GOYENVALLE  Aurélie 164 

GUEDON  Emmanuel 
Development and implementation of expansion culture processes of 
human immune cells in bioreactor  172 

GUICHEUX  Jérôme  Multidiciplinary approaches to regenerating skeletal tissue  179 

GUILLONNEAU  Carole  Advancing CD8+ Treg cell therapies to the clinic  197 

HANTRAYE  Philippe  Translational Neuroscience In Neurodegenerative diseases  206 

JORGENSEN  Christian  Innovative cell based therapies, Immunotherapies, auto‐immunity  215 

LAVIEU  Gregory  Extracellular Vesicle‐based vector for therapeutics delivery  217 

MAILLEY  Pascal 
From lipid nanoparticles to advanced sensors and microfluidic : 
empowering biotherapies with micro/nano‐technologies  225 



 

 

MARTINAT  Cécile  Investigation of therapeutics using human pluripotent stem cells  237 

MENASCHÉ  Philippe  Treatment of heart failure by a cardiac cell‐derived secretome  246 

MICCIO  Annarita  Therapeutic strategies for hematopoietic disorders  255 

MIGNET  Nathalie  Non‐viral gene delivery for gene and cell therapies  264 

MITRA  Suman 
Genetic and protein engineering to decode and restore cytokine 
communication between immune cells  271 

MONTIER  Tristan  Fine‐tuning of nanoparticles for gene transfer using nanoparticles  279 

MONVILLE  Christelle 

A STEM CELL THERAPY PIPELINE WITH A FOCUS ON RETINITIS 
PIGMENTOSA AND OTHER RARE INDICATIONS WITH HIGH UNMET 
MEDICAL NEEDS  287 

NEGRONI  Matteo 
Next‐generation virotherapy by combining disruptive rational design 
and directed evolution for vector development  297 

NGUYEN  Yann  Technologies and Gene Therapy for Deafness  306 

PERFETTINI  Jean‐Luc 
Next‐generation monocyte‐based cellular immunotherapies for solid 
cancers  318 

PICHON  Chantal 
Optimized mRNA formulations for immune cells and alternative cost‐
effective mRNA production  326 

ROCCHI  Palma 
Antisense oligonucleotide (ASO)‐based nanomedicine targeting stress‐
induced proteins mRNA for personalized therapy and imaging  336 

SAVATIER  Pierre  Pluripotent Stem Cells in Mammals  338 

VERNIER  Mathieu  Your partner in pharmaceutical bioprocess innovation  346 

VERRIER  Bernard 
Nanodelivery systems: From their design to their use as vaccine 
candidates against infectious diseases.  356 

 



Gene therapy using AAV viral vectors : from 
vector engineering to clinical evaluation 

First Name Oumeya 
Last name ADJALI 
Email oumeya.adjali@univ-nantes.fr 

Laboratory TaRGeT-Translational Research in Gene Therapy 
City Nantes 

Keywords 

Abstract 

Research area 
 Biotherapies 
Gene Therapy 
Viral vectors 
AAV 
Preclinical development 
Bioproduction process development 

Synopsis  
TaRGeT laboratory (INSERM UMR1089, Nantes Université) is an internationally recognized 
expert in the field of gene therapy using viral vectors. Since 2004, the lab has progressively 
focused its research on the development of recombinant Adeno-Associated Virus (rAAV)-
derived vectors covering the whole chain of their development from bench to bedside. Aside 
its research internal programs, the lab has  put together a large number of skilled expertise 
within three (3) technological facilities that offer either services or collaborations to academic 
and industrial players in the field of gene therapy: (i) Translational vector core (CPV for 
“Centre de Production des Vecteurs” created in 1997 and dedicated to process and analytics 
developments in the field of AAV manufacturing. It is one, among the 8 integrators of the 
french national biotherapy acceleration strategy (FRANCE 2030); (ii) PAC for Preclinical 
Analytics Core, created in 2017 and expert in preclinical evaluation of in vivo gene therapy 
strategies in in vitro and in vivo models and  (iii) GTI for Gene Therapy Immunology core, 
also created in 2017 and specialized in the monitoring of host immune responses against 
gene therapy products in preclinical and phase I/II/II/III gene therapy clinical trials.  
Since 2004, the whole laboratory activities (both research teams and technological cores) 
are performed under a quality management system that is approved by Lloyd's Register 
Quality Assurance LRQA to meet requirements of international Management System 
Standards ISO 9001:2015. 
For more info : https://umr1089.univ-nantes.fr/ 

Interests  
Gene therapy;Gene editing;Viral vectors;Ophtalmology;Neuromuscular disorders;Rare 
diseases;Toxicology/Immune tolerance;In vitro models/ Organ-on-chip;In vivo 
models;Translational research;Bioproduction 

No results presentation available
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THERAPEUTIC OLIGONUCLEOTIDES 

First Name Philippe 
Last name BARTHELEMY 
Email philippe.barthelemy@inserm.fr 

Laboratory Acides nucléiques : régulations naturelles et artificielles (ARNA)  INSERM U1212/ 
UMR CNRS 5320 
City Bordeaux 

Keywords 
- Nucleic acids,
- RNAi,
- Oligonucleotides,
- Bioconjugates,
- Delivery,
- Antisenses

Abstract 
Globally, ARNA pursue four main objectives: i) understand and decipher several key 
processes involved in gene expression at the molecular level; ii) interfere with these 
processes by the design, the synthesis and the delivery of oligonucleotides and its 
derivatives; iii) invent and develop cutting-edge methodologies in structural and molecular 
biology to study and characterize nucleic acid polymers; and iv) develop novel synthetic 
nucleic acid based bioconjugates for applications in medicinal chemistry.  
Of note, the ARNA lab features a platform supported by INSERM TRANSFERT named 
“Optoligo”, which is dedicated to the design, the synthesis and characterization of modified 
oligonucleotides. It aims at developing innovative bioconjugates in order to increase their, 
stability, cellular internalization and therapeutic efficacy. For example, we have demonstrated 
that our modifications allow the delivery of the oligonucleotides without using any transfecting 
agents in different human cells lines. As part of the development of the “Optoligo hub”, our 
patented technologies have been applied to the modulation of protein expression in various 
pathologies and issues, including cancers, antibiotic resistance, allergies, rare diseases, 
chronic kidney diseases, neurodegenerative diseases, and several collaborative projects are 
currently under investigation. One of the main objectives of this platform is to bring these 
oligonucleotide technologies to clinical trials. 

Research area 
 The ARNA unit is an interdisciplinary unit dedicated to the exploration of nucleic acids 
chemistry (DNA, RNA) in its widest sense. The unit combines world-class expertise in chemical 
synthesis, structural analysis of biological systems, and applications in both cell biology and 
medicinal therapy. ARNA is unique in its competence at a European level, and globally there 
are few units that could match ARNA’s excellence in expertise. 

Synopsis  
We are developing nucleic acid conjugates allowing the cellular internalization of therapeutic 
oligonucleotides modulating the expression of relevant genes. Our patented technologies 
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have been applied to the modulation of the protein expression in various pathologies and 
several collaborative projects are currently under investigation. 

Interests  
Non viral delivery systems;Oligonucleotides;Oncology;Rare diseases;Aging;Infectious 
diseases;In vitro models/ Organ-on-chip 
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THERAPEUTIC OLIGONUCLEOTIDES

Philippe BARTHELEMY

ARNA, Bordeaux
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 Objectives:
 To design oligonucleotide conjugates
 To demonstrate RNAi biological activities both in vitro and in vivo
 To implement novel therapeutic oligonucleotides as new chemical entities (NCE)

in oncology, rare diseases, neurodegenerative diseases…

 Tools:
 Sequence selection
 Innovative chemical modifications
 Synthesis of novel oligonucleotide conjugates
 Purification and characterization, Mass spectrometry, DSC, HPLC etc
 Intra cellular delivery of oligonucleotides
 Functional in vitro models (cancer cell lines)
 Technology is compatible with a wide range of deseases:
Cancers, Rare diseases, Neurodegenerative diseases,

Antibiotic resistance etc
 Leading the Hub Optoligo (Inserm Transfert)
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 Results:

 Design of oligonucleotide sequences
specific to a human gene.

 Control of the mechanism of action via
chemical modification (RNAse H, Steric
blockers, RNAi…). Selection of the
adapted oligonucleotides (SSO, ASO,
Gapmers, Mixmers etc)

 Integration of chemical modifications:
Phosphorothiate (PTO), MOE, OMe,
to stabilize the sequence

 Chemical modifications to improve
delivery, stability and efficay

Adapted from Benizri, S.; Gissot, A.; Martin, A.; Vialet, B.; Grinstaff, M. W.; Barthélémy, P. (2019) 
Bioconjugated Oligonucleotides: Recent Developments and Therapeutic Applications. Bioconj. Chem., doi: 
10.1021/acs.bioconjchem.8b00761.

Modified Oligonucleotides

Backbone modification 
• Nuclease stability
• Pharmacokinetics/biodistribution

Sugar modification
• Nuclease stability
• Hybridization affinity
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Use of oligonucleotide conjugates for the delivery of antisense

 Results:

 Conjugation of oligonucleotides with
nucleolipids (A) induced the formation of
micellar systems (B) allowing
internalization into human cells (C).

 This patented technology has been
applied to the modulation of the protein
expression in various pathologies and
several collaborative projects are
currently under investigation. Our
innovative national platform is based on
more than 15 years of research and
development and is currently supported
by INSERM TRANSFERT.

 These projects take advantage of our
expertise in the field of modified
oligonucleotides, including the design
and synthesis of all oligo types (DNA,
ASO, SSO, siRNA, Aptamer, PMO, etc.)
with or without conjugation.

The conjugates (Lipd antisense, LASO, A) are rapidly
internalized into cells (C).
Flow cytometry was used to quantify the percentage of cells
transfected with fluorescent oligonucleotides, 4 h after
transfection with oligofectamine (positive control, left) and 
without (right).
In the absence of transfection agent (right) internalization into
the cells is efficient for conjugates (100%) while unmodified
oligonucleotides are little or not internalized (< 7%).

LASO

A) B)

C)
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 Perspectives:

 Determination of PKs and biodistribution profiles of oligonucelotide conjugates
 Preclinical and clinical development of NCE based oligonucleotide
 Applying oligonucleotides to personalized medicine
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 Unique selling points

Our solution enhances oligonucleotides performances:

 Efficacy
 Stability
 Lack of toxicity
 Biodegradability
 Targeting

Key benefits

 Cellular uptake
 Stability of sequences
 New Chemical Entities
 Bio-inspired and fully biodegradable
 Possibility to add targeting molecules
 Possibility to trigger controlled releases
 API for Nano-formulation (co-delivery)
 Strong intellectual property position

Our technology is compatible with a wide
range of diseases:

 Cancers
 Rare diseases
 Neuro
 Antibiotic resistance
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Publications (exempla):

 Vialet B, Bansode ND, Gissot A, Barthélémy P. Controlling the G-Quadruplex Topology: Toward the Formation of a
Lipid Thrombin Binding Aptamer Prodrug. Bioconjugate Chemistry (2023).

 Derre A, Soler N, Billoux V, Benizri S, Vialet B, Rivat C, Barthélémy P, Carroll P, Pattyn A, Venteo S. FXYD2
antisense oligonucleotide provides an efficient approach for long-lasting relief of chronic peripheral pain. JCI
Insight. (2023).

 Kassahun GS, Farias ED, Benizri S, Mortier C, Gaubert A, Salinas G, Garrigue P, Kuhn A, Zigah D, Barthélémy P.
Electro-polymerizable Thiophene-Oligonucleotides for Electrode Functionalization. ACS Applied Materials &
Interfaces (2022).

 Nguyen PV, Aubry C, Boudaoud N, Gaubert A, Langlois M-H, Marchivie M, Gaudin K, Arpin C, Barthélémy P,
Kauss T. Oligonucleotide Solid Nucleolipid Nanoparticles against Antibiotic Resistance of ESBL-Producing
Bacteria. Pharmaceutics (2022).

Patents (exempla):

 Barthélémy P, Zigah D, Kuhn A, Kassahun GS, Gaubert A, Salinas G, Benizri S, Farias ED “Thiophene-modified
oligonucleotides and their use in a process for preparing functionalized electrodes” WO/2023/198914.

 Kauss T, Arpin C, Barthélémy P. “Oligonucleotide solid nucleolipid nanoparticles for tackling antibiotic resistance.”
WO2023135299A1.

 Rocchi P, Camplo M, Barthélémy P, Ziouziou H, Siri O, Paris C. “Nanoparticles comprising a core with a phenazine
derivative and a shell with a nucleolipid and uses thereof.” WO2022194926A1.

 Kauss T, Arpin C, Nguyen PV, Barthélémy P. “Lipid oligonucleotide antisense against antibiotic resistance.”
WO2020225371A1.

 Venteo S, Carroll P, Benizri S, Barthélémy P, Pattyn A “Antisense oligonucleotides and their use for the treatment
of pain.” WO2021069654A1.

Selected bibliography
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Expertise in large ON-target CRISPR-mediated genotoxicity 
and its prevention 

First Name Aurélie 
Last name BEDEL 
Email aurelie.bedel@u-bordeaux.fr 

Laboratory INSERM U1312 BRIC, Bordeaux University, CHU Bordeaux 
City Bordeaux 

Keywords 
- Gene therapy,
- Gene editing,
- CRISPR-Cas9,
- Genotoxicity,
- Safety,
- Palbociclib

Abstract 
The CRISPR-Cas9 system has revolutionized our ability to precisely modify the genome. 
Gene editing is classically used to invalidate genes, to model or correct mutations. Clinical 
trials using this technology are already on going to treat monogenic diseases and cancers 
and are still using nuclease to invalidate genes in most of cases. However, this powerful tool 
can induce adverse genomic events. The off-target genotoxicity is well described, 
predictable, detectable, and can be resolved using new generations of Cas9 nucleases with 
high fidelity. In contrast, the ON-target genotoxicity due to a DNA double-strand break at the 
targeted locus is still underestimated. Comprehensive analysis of gene editing products at 
the targeted cut-site has revealed a complex spectrum of outcomes by incorrect or ineffective 
DNA repair and DNA damage response.  

Large ON-target genotoxicity (chromosomal rearrangements) is underestimated with 
standard PCR-based methods and necessitates appropriate and more sensitive detection 
methods. Using cytogenetic approach after cell cloning (FISH, CGH-array, SNP-aray), we 
discovered the appearance of megabase-scale rearrangements in cell lines and in primary 
cells. We showed that LOH frequency depends on p53 status and cell division rate during 
editing. Importantly, G1-cell cycle arrest (by CDK 4/6 inhibitors, such as palbociclib) during 
editing suppresses the occurrence of LOH without compromising editing. These data were 
confirmed in human stem/progenitor cells, suggesting that clinical trials should consider p53 
status and cell proliferation rate during editing to limit this risk by designing safer protocols.  

When precise genome editing is required, the more prevalent ON-target unwanted events 
are InDels. To reduce Indels and improve homology-directed repair (HDR), we developed 
optimized CRISPR tools (nuclease and nickase), with template import at the targeted DNA 
cut site, “In the right place at the right time”. We obtained a 4-fold to a 30-fold increase of 
HDR with nuclease (DSB) or nickase (SSB), respectively. These data highlight the possibility 
to use SSB-mediated editing as an alternative to nuclease to prevent DSB genotoxicity.   

Cell cycle blockade by CDK4/6 inhibitors and optimized nickase could offer opportunities to 
make CRISPR-based gene therapy protocols safer. 
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Research area 
 Biotherapies for genetic diseases and cancers 

Synopsis  
Expertise in large ON-target CRISPR-mediated genotoxicity and its prevention. 

Interests  
Gene therapy;Gene editing;Toxicology/Immune tolerance 
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INSERM U1312, Bordeaux University, CHU BORDEAUX
BioGO team (Pr Moreau-Gaudry/Pr Dabernat) 

Expertise in large ON-target 
CRISPR-mediated genotoxicity 

and its prevention.

Aurélie BEDEL
PharmD, PhD

HYBRID « Next generation of gene and cell therapies »
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 Objectives:
 Decipher

 Understand the cell vulnerability

 Prevent

 Tools:
 Molecular biology (PCR, sequencing, CGH-array, SNP-array, Bionano)

 Sensitive LOH detection by cytometry (In-house FAMReD systems)

 Molecular characterization of chromosomal rearrangements

 Single cell DNA

 Scientific expert for PEPR-Biotherapies et Bioproduction des thérapies innovantes

 Member of SFTCG council

CRISPR-Cas-mediated
ON-target genotoxicity

- pharmacological approach to modulate cell susceptibility
- molecular approaches to improve CRISPR tools
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Subject 1:Large ON-target genotoxicty description

Results:

 Gene editing products at the targeted cut-site revealed a complex spectrum of
outcomes by incorrect or ineffective DNA repair and DNA damage response.

ON-target genotoxicity (unwanted events at the targeted locus)
is still underestimated

 Discover of the appearance of megabase-scale rearrangements (LOH)
in cell lines and in primary cells.

Chromosomal rearrangements induced by CRISPR-DSB 15



Subject 2: Prevention of ON-target genotoxicity

 Results:
 Improved CRISPR

 Allele-specific gRNA

 Import-CRISPR

=> To avoid INDELS

 CDK4/6 inhibitors (Palbociclib)

 to control cell cycle phase
during editing

 To avoid large chromosomal
rearrangements

Knowledge and understanding of the mechanisms involved in ON-
target genotoxicity allowed us to develop innovative solutions to 

prevent/mitigate this risk

Cell cycle control drastically reduces ON-target
genotoxicity for safer CRISPR-protocols 16



 Perspectives:
 To validate in vitro and in vivo palbociclib use in edited HSCs for its use in clinical

protocols

 To validate Import CRISPR systems efficiency in different loci, in different primary
cell types.

 To propose Import CRISPR systems to private companies and academics

 To develop quality control of edited cells

 To develop safer clinical protocols

17



 Unique selling points
 Biosafety management of CRISPR-Cas9 tools

 International leader in genotoxicity understanding and preventing (Several
publications in Top one-percent in life sciences journals)

 Description of link between DSB-genotocivity and cell cycle

 Palbociclib patent

 Import-CRISPR patent in progress
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 Cullot G, et al. Cell cycle arrest and p53 prevent ON-target megabase-
scale rearrangements induced by CRISPR-Cas9. Nat Commun. 2023 Jul 
10;14(1):4072. doi: 10.1038/s41467-023-39632-w.

 Boutin J, et al . ON-Target Adverse Events of CRISPR-Cas9 Nuclease: 
More Chaotic than Expected. CRISPR J. 2022 Feb;5(1):19-30. doi: 
10.1089/crispr.2021.0120.

 Boutin J, et al. CRISPR-Cas9 globin editing can induce megabase-scale 
copy-neutral losses of heterozygosity in hematopoietic cells. Nat 
Commun. 2021 Aug 13;12(1):4922. doi: 10.1038/s41467-021-25190-6.

 Prat F, et al. Mutation-Specific Guide RNA for Compound Heterozygous 
Porphyria On-target Scarless Correction by CRISPR/Cas9 in Stem Cells. 
Stem Cell Reports. 2020 Sep 8;15(3):677-693. doi: 
10.1016/j.stemcr.2020.07.015.

 Cullot G, et al. CRISPR-Cas9 genome editing induces megabase-scale 
chromosomal truncations. Nat Commun. 2019 Mar 8;10(1):1136. doi: 
10.1038/s41467-019-09006-2. 
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From therapeutic discovery to clinical translation  

of advanced cancer cell therapies based on pluripotent 
stem cells 

First Name Annelise 
Last name BENNACEUR GRISCELLI 
Email annelise.bennaceur@pbr.aphp.fr 

Laboratory CITHERA ‘Center for iPSC Therapy’ Génopôle Evry- INSERM UMRS 1310 
OncoSTem. University of Paris Saclay. Andre Lwoff Cancer Institute, Villejuif 
City Kremblin bicêtre 

Keywords  
Induced Pluripotent Stem Cells, Genome editing, Bioproduction, Immunotherapy, Cancer 
Stem Cells, leukemia, oncology, 3D-Organoid, Biomarkers, Stem Cell Biotechnology 

Abstract 
Induced Pluripotent Stem cells are the game changer for next generation therapies. Our 
translational research focuses on malignant and therapeutic stem cell models with the 
discovery of biomarkers and novel targets enables the development of innovative 
immunotherapies against difficult-to-treat tumors. Using bioengineered Induced Pluripotent 
Stem Cells and precision medicine approach, we improve the immune response against 
resistant cancer stem cells. We are developing cancer vaccine and CAR therapies from 
engineered iNK, iMacrophages designed for the treatment of AML, glioblastoma and non-
small-cell-lung cancer. Our Inserm Unit is paving the way for the clinical application of these 
disruptive therapies through the spinoff company IPSirius and close collaborations with 
oncologists, biotechnology companies or pharmaceutical companies. 

Research area 
 From therapeutic discovery to clinical translation of disruptive cancer cell therapies based on 
pluripotent stem cells 

Synopsis  
Clinical translation of advanced Cell & Gene therapies and enable market access 

Interests  
Gene editing;Cell Therapy;Stem cells;Oncology;Immunology/Immunotherapies;In vitro 
models/ Organ-on-chip;Biomarkers;Bioproduction 
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oration of human primary B cells through sophisticated in vitro culture models replicating the 
intricate stages of B cell differentiation into plasma cells, our team is unraveling distinctive 
molecular pathways and factors potentially co-opted in the context of malignant 
lymphoproliferative diseases. 

Interests  
Non viral delivery systems;Oligonucleotides;mRNA;Oncology;Haematology;In vitro models/ 
Organ-on-chip;Translational research;Clinical research 
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 From therapeutic discovery to clinical translation 
of advanced cancer cell therapies based on pluripotent stem cells 

Annelise Bennaceur Griscelli

CITHERA ‘Center for iPS Cell Therapy
UMS45/ UMRS 1310
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 Objectives:
To develop breakthrough immune cell therapy in oncology and 
its translation into early stage clinical trials
To produce cGMP and universal IPS cells 
To produce off-the-shelf scalable allogeneic immune cell therapy 
(CAR therapies and Cancer vaccine) 
To modeling human cancer by 3D-organoids derived from 
patient-specific iPSCs 

 Tools:
 Reprogramming technology and genome editing
 Patient-specific iPS cells and gene edited clones.
 3D-cancer organoid derived from iPSC (lung, breast,

kidney, brain..)
 NK cells, Macrophages, DC, T cells, MSC and

Hematopoietic cells from iPSC
 Advanced analytics & cutting-edge technologies for risk

assesments
 Suitable assays and test release:  Functional potency

assays and in vivo animal models
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Topic 1 Pre-clinical iPSC-derived organoid models : 
target discovery for CAR Therapy

 Results:

Cancer-specific iPSC enable discovery of
biomarkers and related cancer targets,
based on bioinformatics and precision
medicine approach. 

Proof of concept of the use of iPSC-
derived cancer organoids: 
- IPSC-derived organoids with oncogenic
mutation as predisposition model of
hereditary cancer and somatic cancer
(Lung cancer, GBM, Breast cancer,
Adenopancreatic cancer, papillary renal cell
carcinoma type 1, AML .)
-Genomic data set, molecular landscape of
cancer stem cells and novel biomarkers
-Identification of new targets for CAR
Therapy
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Topic 2: iPSCELL Platform for production of breakthrough 
iPS-Cell based therapies

 Results:

Manufacturing pharmaceutical grade iPSCs
-Collection of iPSC research grade and cGMP lines
- Genomic Data
- Strategy of universal IPS cells (Hypo-immunogeneic)

Genetically engineered iPSC-based therapy 
CAR-activated NK cells, macrophages and DC to serve 
multiple therapeutic approaches in oncology. 
- Adaptation of RNA and gene editing to improve iNK iMAC
and iDC efficiency
- Transcriptional analysis, metabolic, and functional
properties of iNK, iMAC and iDC.

Genomic landscape of human iPSC 

PCA analysis of the variance of the most significant transcription 
factors (n=164) of iPSC-derived NK cells compared to resting PBNK cells 
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 Perspectives:

To Translate innovative products to early-phase studies: 
Improving differentiation and production of iPSC-CAR derived Immune cells
Providing genomic profiling, metabolic and functional assays of non exhausted and 
persistent CAR-iNK, iMAC and iDC.
Bioproduction scalable process
Potency assays and surrogate biomarkers to monitore FIH cell therapy
Industrial partnerships

26
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Targeting monocytes to harness by genetic engineering 
the power of myeloid cells to promote anti-tumor immunity 

First Name Philippe 
Last name BENAROCH 
Email philippe.benaroch@curie.fr 

Laboratory INSERM U932, Institut Curie 
City PARIS 

Keywords 
• Cell-based therapy
• CAR myeloid
• Solid tumors and metastasis
• myeloid payload
• innate immunity pathway
• anti-tumor immune response
• phagocytosis of tumor cells
• Cytokine secretion
• Macrophage polarization

Abstract 
There is still an unmet need to treat solid tumors and metastasis. This is particularly the case 
for tumors poorly infiltrated by immune cells (immune desert). Our project, based on the 
engineering of autologous myeloid cells, takes advantage of their numerous functionalities. 
Solid tumors and metastasis continuously recruit monocytes which, after differentiation into 
macrophages, will contribute to the establishment of an immunosuppressive 
microenvironment. Our approach consists of purifying monocytes from the circulating blood 
of patients, modifying them by means of lentiviral vectors that code for receptors (CARs) that 
we have patented, so that once reinjected, these monocytes can be recruited by tumors and 
become activated upon contact with them. The activated cells then become capable of 
literally eating the tumor cells and initiating a tumor-specific inflammatory and immune 
response that will lead to tumor elimination. We have filed 3 patent applications based on our 
results obtained in vitro and in a preclinical model. Other more sophisticated strategies are 
under study. The Institut Curie's TTO is supporting this project. 

Research area 
 Head of the Myeloid cells and Immunity team 

Synopsis  
Targeting monocytes to harness by genetic engineering the power of myeloid cells to 
promote immunity against solid tumors. 

Interests  
Cell Therapy;Chimeric Antigen Receptor (CAR)-T cells;Viral vectors;Genetic 
engineering;Oncology;Immunology/Immunotherapies;Translational research 
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Targeting monocytes to harness by genetic 
engineering the power of myeloid cells to promote 

anti-tumor immunity

Philippe BENAROCH

Immunotherapy Cancer Center – Institut Curie – Paris
Inserm U932  “Immunity and Cancer”

Team “Myeloid cells and immunity team”
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 Objectives:
 To mobilize innate immunity pathways in monocytes at the tumor

site to reprogram the TME
 To develop monocyte-based therapy for a local action on the

TME within solid tumors and metastasis and generate an efficient
anti-tumor response.

 To ensure spatio-temporal delivery of appropriate polarization
signals to modify the TME

 Tools:
 Fast and efficient process to genetically engineering autologous

human monocytes to be reinfused
 Original panel of CAR-M constructs able to mobilize innate

immune pathways leading to phagocytosis, cytokine secretion,
and Ag presentation

 Original vectors able to generate monocytes carrying a CAR-
dependent payload that can be used to integrate innovative
therapies

 Set of original functional assays such as a 3D platform to select
the best CAR-expressing and functioning myeloid cells

Apheresis
& monocyte 

isolation

Lentiviral 
transduction

(18h)

Re-infusion 
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 Results:
 Our CAR monocytes differentiated into

macrophages in vitro can control the growth of
tumor spheroids

 The capacity of the CAR to control tumor growth
is linked to the presence of CD40 intracellular
domain

IncuCyte-based spheroid growth assay of breast cancer TNBC GFP+CD19+ cells co-cultured 
with the indicated CAR-macrophages. GFP intensity was followed by time-lapse microscopy. 
The black lines correspond to co-cultures with untransduced Mφ

Similar results have been obtained using a lung adenocarcinoma cell line 

Subject 1: CAR-M control cancer cell proliferation in spheroid models
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Subject 2: Preclinical validation in in vivo models of CAR-M strategies 

 Results:
 Car Mono can promote tumor growth control in vivo in

cooperation with T lymphocytes (allogenic response)
 Mono Tg were engineered to release a transgenic

cytokine which can boost the allogenic response
against the tumor

 Mono can be used as a shuttle for cytokine or other
proteins delivery into the TME
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33



 Perspectives:
 Deciphering the mechanisms of action of CAR-M
 Optimization for selection of the best CAR constructs
 Testing and selection of the best payload
 Validation in preclinical models of the best indication
 Streamlining the process of production
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 Unique selling points

 Harnessing autologous monocyte potential to be recruited by tumors by fast and efficient
transduction

 CAR-Mono ensure spatio-temporal delivery of appropriate polarization signals to modify the TME
 Upon Ag stimulation, CAR-Mono mobilize several activation pathways to elicit efficient polarization

and anti-tumor response
 Our proprietary 3D platform of functional assays allows for efficient in vitro screening of CARs
 Our next generation CAR technology offers the possibility to integrate innovative therapies
 3 patent applications, expertise in immunity and myeloid cells.
 Unique infrastructure and know-how at Institut Curie.

35



 Cannac M, Nikolic J and Benaroch P. Cancer immunotherapies based on genetically engineered macrophages. Cancer Immunology Research.
(Review) 2022 10, 1156–1166. 10.1158/2326-6066.CIR-22-0030.

 Nadia Jeremiah, Hermine Ferran, Konstantina Antoniadou, Kevin De Azevedo, Jovan Nikolic, Mathieu Maurin, Philippe Benaroch, and Nicolas
Manel. "RELA tunes innate-like interferon I/III responses in human T cells". 2023 J. Exp. Med. In press. DOI 10.1084/jem.20220666.

 Brouiller F., Nadalin F, Mohamed OA, Bonté PE, Delaugerre C, Lelièvre JD, Ginhoux F, Ruffin N and Benaroch P. Single-cell RNA-Seq analysis
reveals dual sensing of HIV-1 in blood Axl+ dendritic cells. 2023. iScience https://doi.org/10.1016/j.isci.2023.106019

 M Casanova-Acebes, E Dalla, A Leader, J LeBerichel, J Nikolic, BM Morales, M Brown, C Chang, L Troncoso, ST Chen, A Sastre-Perona, MD
Park, A Tabachnikova, M Dhainaut, P Hamon, B Maier, CM Sawai, E Agulló-Pascual, M Schober, B Brown, B Reizis, E Kenigsberg, C Moussion, P
Benaroch, JA Aguirre-Ghiso & M Merad. Lineage tracing reveals the pro-tumorigenic niche role of tissue resident macrophages in early lung
cancer lesions. Nature 2021. doi:10.1038/s41586-021-03651-8.

Selected bibliography

36



Pre-clinical development of cell culture processes and 
transfer to GMP production 

First Name Danièle 
Last name BENSOUSSAN 
Email d.bensoussan@chru-nancy.fr 

Laboratory Laboratoire Réactions et Génie des Procédés UMR CNRS 7274 / UTCT : Cell 
Therapy Unit 
City Nancy 

Keywords 
• Bioreactors (2D and 3D cultures)
• Bioproduction optimization and modelling
• Human cells: Human Mesenchymal stromal cells, Human Immune cells
• CHO cells
• Monoclonal antibodies
• Online monitoring
• ATMPs
• GMP compliant
• Immunomagnetic selection
• Clinical trials

Abstract 
Eric Olmos and Danièle Bensoussan are co-responsible for the Integrator Biotherapy 
Bioproduction MTInov in Nancy.  
E. Olmos is a professor in bioproduction engineering at Lorraine University (Ecole Nationale
Supérieure d’Agronomie et des Industries Alimentaires). His research activities include
culture of animal and human cells in bioreactors with special focus on bioprocess modelling,
simulation of hydrodynamics and cell kinetics, bioreactor scale-up and scale-down,
bioprocess monitoring and performance intensification. Much effort has been put on the
design of new MSC production processes in continuous perfused mode, on microcarriers. In
the future, the main perspectives of MSC production engineering will concern the modulation
of the secretome production and the impact of the expansion process on the phenotypical
properties of MSCs.

Professor of Biotherapy and Immunology at Lorraine University, D. Bensoussan is a French 
biologist head of the department of Cell therapy, tissue and cord blood banking (UTCT) in 
Nancy University Hospital. In this unit, different ATMPs are generated in the context of 
clinical trials (MSCs, tri-virus VSTs) or clinical use (VSTs). She is co-head of a research team 
in a CNRS unit 7365: Cellular Engineering, Immunotherapy and Translational approaches. 
She is the co-founder and the scientific advisor of the start-up StemInov, promoting the 
patent filled on the research work she supervised on MSCs from Wharton’s Jelly and Sepsis. 

Research area 
 Bioprocess engineering, bioproduction 
Animal and human cell culture in bioreactors 
Fermentation and enzymes 
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Bioprocess modelling (CFD/kinetics) 
Production of Advanced Therapy Medicinal Products (ATMPs) under Hospital exemption and 
Experimental ATMPs: Mesenchymal stromal cells (MSCs), Virus specific T cells (VSTs) 

Synopsis  
Today MTInov is the main academic team in France developing (animal and human) cell 
culture engineering in bioreactors, with special focus on process monitoring and control, 
intensification and optimization and also the only academic structure offering cell-based 
production from lab-scale to GMP production. 

Interests  
Cell Therapy;Viral vectors;Stem cells;Immunology/Immunotherapies;Infectious 
diseases;Process monitoring;Translational research;Clinical research;Bioproduction 
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Pre-clinical development of cell culture 
processes and transfer to GMP production.

Pr. Danièle Bensoussan (UTCT – CHRU – Nancy) &

Pr. Eric OLMOS (LRGP – Université de Lorraine – CNRS)
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Objectives

▪ Human cell banking and 2D-3D expansion
• Human Mesenchymal Stromal Cells (MCSs) extracted from umbilical cord (UC).

• Expansion in culture flasks and bioreactors (from Ambr250 to 5 L)

▪ Process scale-up and optimization
• Bioprocess engineering (mode of cultures, intensification)

• On-line monitoring and retro-control

• Kinetic modelling, bioreactor scale-up

• CFD simulation of bioreactor hydrodynamics

• Multi-scale modelling of cell/support interactions

▪ GMP production and clinical research
• GMP production of Advanced Therapy Medicinal Products (ATMP).

• GMP expansion of UC-MSCs in 2D and Bioreactors

• Immunomagnetic isolation

• French CAR-Net : Network for academic CAR T cell production

Tools

▪ Bioprocess scale-up and intensification

▪ Online and offline monitoring
• On-line probes used during cell culture (RAMAN, Dielectric spectroscopy)

• Off-line analysis

• Cell characterization (Flow cytometry, Microscopy, MEB, confocal, AFM, Functional
cell culture controls

▪ Bioprocess modelling
• Dedicated softwares (ANSYS Fluent, Matlab, Discovery studio, SuperPro Designer)

▪ Customized Isolator (Comecer) for adherent cell cultures

▪ CliniMACS Prodigy Platform for cells in suspension 40



SEQRET Project
Development of an on-line quality control system based on the real-time analysis of the 

secretome of Mesenchymal Stromal Cells.

A semi-automatic and integrable quality control system 
to characterize the secretome

Granted in the call “Biotherapies and bioproduction of
innovative therapies”, the SEQRET project aims to
develop an on-line quality control system based on real-
time analysis of the secretome of mesenchymal stromal
cells (MSC) in production. It thus aims to meet two
existing needs: to establish correlations between the
nature of the secretome and the bio-functionality of
the cells in order to optimize the culture conditions of
MSCs by acting on them in real time, and to achieve a
semi-automated quality control module that can be
integrated into any type of production line for cell
therapies or immune cells, which will make it possible to
improve production yields.
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