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Description of the Project (max 3,000 characters including spaces)

Backgroundlgap of knowledge

Current hematopoietic stem and progenitor cell gene therapy (HSPC-GT) requires the
mobilization, ex vivo genetic correction, and infusion of hematopoietic stem cells (HSPCs)
following myeloablative conditioning. This process traditionally involves chemo/radiotherapy,
which can lead to significant acute and long-term side effects. Although alternatives like
antibody-drug conjugates (ADCs) promise reduced toxicity, their clinical application is
complicated by off-target effects and prolonged antibody half-lives, which delay subsequent

therapeutic interventions and potentially compromise patient outcomes [1-3].

Rationale and hypothesis

To overcome these challenges, we propose a non-genotoxic conditioning strategy that
synergistically combines HSPC mobilization with targeted, antibody-mediated conditioning [4].
This strategy leverages the natural mobilization process to enhance the accessibility of HSPCs
to conditionally active antibodies, potentially reducing the required antibody dosage and
associated toxicity. We hypothesize that this approach will enable more effective and safer
engraftment of gene-edited HSPCs, achieving clinically relevant levels of chimerism without the

adverse effects associated with traditional conditioning methods.
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Objectives and specific aims

The primary aim of this study is to develop and validate a novel, synergistic conditioning
protocol, termed Mobilization/Antibody/RNA-based Strategy (MARS), to enhance the
engraftment of gene-edited HSPCs without relying on irradiation or chemotherapy. Specifically,

our project aims to:

1. Validate the efficacy of engineered antibody variants targeting CDI17 with reduced half-

lives through comprehensive in vitro and in vivo assessments [5-6].

2. Implement mRNA-based transient overexpression of a drug-resistant CD117 and the
homing factor CXCR4 in HSPCs to optimize engraftment efficiency [7-8].

3. Explore the synergy between mobilization and antibody-based conditioning to enhance

the survival and persistence of transplanted HSPCs, minimizing the risk of adverse events.

Expected outcomes

By integrating cutting-edge gene editing technologies, innovative antibody engineering, and

advanced delivery systems, this project expects to:

. Establish a novel, non-genotoxic conditioning regimen that significantly reduces the

toxicity associated with hematopoietic stem cell transplantation.

. Demonstrate improved engraftment efficiency and survival of gene-edited HSPCs in

humanized mouse models, setting the stage for clinical trials.

. Expand the therapeutic applications of HSPC-GT by providing a safer, more effective
alternative to current conditioning protocols, thereby improving outcomes for patients with

hematologic disorders and genetic diseases amenable to gene editing.

Skills that the student should acquire (max. 600 characters including spaces):

The PhD candidate will strongly implement his/her competences thanks to the training-
through-research activities: in the field of HSPCs biology (in vitro HSPCs culture, clonality, and
transcriptional landscape); in the field of editing technology (Cas9 nuclease and base/prime
editor applications); in the field of gene therapy (AAV/LV transduction, conditioning regimens
and in vivo mouse modeling approaches). Importantly, the rich environment for scientific
discussion in Naldini's lab will strengthen the candidate analytic and communication skills

essential for research dissemination.
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