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

Backgroundlgap of knowledge

Hematopoietic stem/progenitor cell gene therapy (HSPC-GT) is successfully used in the clinic to
treat patients with hematopoietic malignancies and several inherited hematopoietic diseases'.
This approach involves mobilization and harvesting of HSPCs, ex vivo genetic correction (via
gene transfer or gene editing), and reinfusion following myeloablative conditioning to create
space in the bone marrow (BM). Corrected HSPCs home to the BM, engraft, and regenerate a

functional hematopoietic system.

Gene editing of human HSPCs offers the possibility of precise correction of disease-causing
mutations. However, current ex vivo manipulation protocols—including cell culture,
electroporation, and viral vector exposure—negatively impact HSPC fithess?3. These stresses
reduce long-term repopulating potential, induce transient cell cycle arrest and apoptosis, and

lead to a contraction of the clonal repertoire.

Although recent advances have improved editing efficiency in long-term repopulating HSPCs,
the proportion of edited cells that successfully engraft remains limiting. This represents a major
bottleneck for achieving safe and effective therapeutic outcomes. Furthermore, while
candidate-based approaches have identified some regulators of engraftment, there is a lack of
unbiased, genome-wide strategies*® to systematically uncover novel factors that enhance
HSPC engraftment.
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Rationale and hypothesis

Improving engraftment efficiency of edited HSPCs—without compromising their long-term
repopulating capacity—is critical for advancing HSPC-GT. A transient enhancement of
engraftment potential could provide edited cells with a competitive advantage in the BM niche

while preserving safety.
We hypothesize that:

- Key regulators of HSPC engraftment can be identified through an unbiased gain-of-function

screening approach.

- Transient overexpression of these factors will enhance homing, retention, and engraftment of

HSPCs without long-term perturbation.

- Such transient modulation can be integrated with state-of-the-art gene editing platforms to

improve therapeutic outcomes.

Objectives and specific aims

The overall objective is to identify and validate novel regulators of human HSPC engraftment

and leverage them to enhance the efficacy of gene-edited HSPCs.

Specific Aim 1: Genome-wide identification of engraftment regulators To identify key regulators
of HSPC engraftment, we will perform a gain-of-function screen using a lentiviral sgRNA library
combined with a dCas9-based transcriptional activation system (dCas9-TA). Human HSPCs will
be transduced with this system, and the most primitive HSC population will be isolated. These
cells will then be transplanted via intrabone injection into immunodeficient NSGW41 mice.
Samples will be collected at early (1 week) and late (12 weeks) time points post-transplantation,
and next-generation sequencing (NGS) will be performed to identify genes that confer a

competitive engraftment advantage.

Specific Aim 2: Validation of candidate regulators Top candidate genes will be prioritized based
on their enrichment in the screen and their novelty. These selected hits will be validated through
transient MRNA overexpression in human HSPCs. The engineered cells will then be transplanted
into immunodeficient NSG mice. Engraftment efficiency, transcriptional profiles, and clonal

composition will be assessed and compared to control cells electroporated with GFP mRNA.

Specific Aim 3: Integration with gene editing platforms Validated candidate regulators will be
combined with gene-edited HSPCs to evaluate whether their transient overexpression confers a
selective advantage to edited cells over unedited counterparts. Finally, long-term repopulation

capacity and safety will be assessed to determine the translational potential of this approach.
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Expected outcomes

This project is expected to lead to the identification of novel and previously unrecognized
regulators of HSPC engraftment through an unbiased genome-wide approach. It will
demonstrate that transient gain-of-function strategies can enhance engraftment efficiency
without compromising the long-term repopulating capacity of hematopoietic stem cells. In
addition, the study will validate a set of actionable targets that can be readily integrated into
our existing gene editing workflows’. Altogether, these findings will establish a new conceptual
and technological framework to improve HSPC gene therapy. Ultimately, this work is anticipated
to contribute to the development of next-generation HSPC-based therapies by enabling safer,

more efficient, and clinically robust engraftment of genetically corrected cells.

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

The PhD candidate will work in a stimulating and collaborative environment, under close daily
supervision by an appointed senior lab member and progressively taking the lead on the project
and learning how to design and perform experiments and critically interpret the results.
Technical skills to be acquired include: design of gene editing tools and their application in
primary cells; manipulation and functional characterization of HSPCs; -omics studies; design
and production of vectors; experiments in mouse models. The candidate will regularly discuss
the results of the project with the supervisors and peers at institutional and international
meetings.
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