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Description of the Project 

Background/gap of knowledge

Gene editing (GE) in hematopoietic stem and progenitor cells (HSPCs) enables precise 
correction of disease-causing mutations and is emerging as a transformative therapeutic 
strategy for genetic disorders1. In these approaches, patient-derived HSPCs are genetically 
modified ex vivo and subsequently transplanted to restore normal hematopoiesis after a 
conditioning treatment2,3. However, editing procedures often induce cellular stress responses, 
including cell-cycle arrest, senescence, and loss of stem-cell properties, that compromise HSPC 
fitness, leading to reduced engraftment efficiency and limited long-term persistence of edited 
clones4,5. These biological constraints remain a major obstacle for the broader clinical 
implementation of genome editing in hematopoietic stem cells.

Rationale and hypothesis

Long-term clinical follow-up of gene therapy patients has generated extensive datasets 
capturing the in vivo clonal dynamics of genetically modified HSPCs6. Analysis of these datasets 
reveals molecular programs associated with enhanced or impaired clonal persistence7,8. Based 
on these findings, we hypothesize that perturbation of specific regulators of stem cell fitness can 
improve the survival and long-term repopulation capacity of edited HSPCs without 
compromising genomic stability.

Objectives and specific aims

The project aims to identify and functionally validate cellular regulators that influence the fitness 
of edited HSPCs to improve their therapeutic performance.

A limited number (3–5) of candidate regulators will be prioritized for functional validation based 
on predefined criteria.
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Specific aims:

1. Identify and prioritize candidate regulators of HSPC fitness through integrative analysis 
of clonal tracking datasets derived from gene therapy studies, to uncover molecular programs 
associated with clonal persistence and long-term contribution to hematopoiesis.
Candidates will be selected based on clonal enrichment, reproducibility across datasets, and 
association with defined transcriptional programs.

2. Functionally interrogate selected regulators in human HSPCs by targeted perturbation 
using genome editing technologies, enabling direct assessment of their role in modulating stem 
cell fitness.

3. Evaluate the impact of these perturbations on editing efficiency, stem cell maintenance 
and hematopoietic differentiation potential.

Expected outcomes

This work will define molecular mechanisms that determine the fitness and persistence of edited 
hematopoietic stem cells. The results are expected to identify strategies to improve the 
efficiency, safety and durability of gene editing approaches. Ultimately, these findings may 
contribute to the development of more robust and clinically effective genome editing therapies 
for genetic diseases.

Skills that the student should acquire

The student will gain advanced training in human hematopoietic stem cell biology and genome 

editing. Skills include CRISPR-based perturbation, culture and functional analysis of human 

CD34+ stem/progenitor cells, flow cytometry, molecular assays, and clonal dynamics analysis 

via high-throughput sequencing. The student will also develop expertise in in vivo models of HSC 

function and engraftment, and in integrating experimental and computational approaches in a 

translational gene therapy context.

References

1. Naldini, L. Gene therapy returns to centre stage. Nature 526, 351–360 (2015).

2. Naldini, L. Genetic engineering of hematopoiesis: current stage of clinical translation and 

future perspectives. EMBO Mol. Med. 11, e9958 (2019).

3. Ferrari, S. et al. Genetic engineering meets hematopoietic stem cell biology for next-

generation gene therapy. Cell Stem Cell 30, 549–570 (2023).



APPLICATION TO ACT AS SUPERVISOR
AND RESEARCH PROJECT PROPOSAL

MO 20-5
ed. 02 of 16/01/2026

PO 20
Page 7 of 10

4. Schiroli, G. et al. Precise Gene Editing Preserves Hematopoietic Stem Cell Function 

following Transient p53-Mediated DNA Damage Response. Cell Stem Cell 24, 551-565.e8 (2019).

5. Conti, A. et al. Senescence and inflammation are unintended adverse consequences of 

CRISPR-Cas9/AAV6-mediated gene editing in hematopoietic stem cells. Cell Rep. Med. 6, 102157 

(2025).

6. Six, E. et al. Clonal tracking in gene therapy patients reveals a diversity of human 

hematopoietic differentiation programs. Blood 135, 1219–1231 (2020).

7. Calabria, A. et al. Long-term lineage commitment in haematopoietic stem cell gene 

therapy. Nature 636, 162–171 (2024).

8. Scala, S. et al. Dynamics of genetically engineered hematopoietic stem and progenitor 

cells after autologous transplantation in humans. Nat. Med. 24, 1683–1690 (2018).


