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

Backgroundlgap of knowledge

The hematopoietic stem cells (HSC) lie at the apex of the hierarchical process of hematopoiesis
and reside in a specialized bone marrow (BM) microenvironment, termed niche®. The complex
regulation of HSC and the BM niche remains underexplored in inherited disorders, as
hemoglobinopathies. Hemoglobinopathies, p-thalassemia (BThal)® and sickle cell disease
(scD)®, are globally widespread genetic disorders of hemoglobin. Despite differences in
etiology, in both BThal and SCD, anemia causes chronic stress in different organs, including in
the BM®. We provided the first demonstration of impaired HSC function caused by an altered
BM stromal niche in BThal®® and we have recently identified fibroblast growth factor-23
(FGF23)™ as the molecular link connecting anemia, bone and the HSC niche®. FGF23 is high in
BThal patients and in vivo inhibition of FGF23 signaling rescues bone defects and the BM niche,
thus restoring HSC function. Alterations of HSC and BM niche have been described also in SCD

and our preliminary data showed increased levels of FGF23 in SCD patients.

Rationale and hypothesis

Definitive cure for hemoglobinopathies is achieved by HSC transplantation from healthy donors
or gene therapy transplantation of autologous HSC from patients®. The quality and the
engraftment of HSC depend on the BM environment, thus studying the molecular basis and
developing strategies targeting the HSC-niche crosstalk might be relevant for transplant

outcome. How FGF23 is involved in BM niche regulation still need to be elucidated. Our hypothesis
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is that FGF23 is the missing link at the crossroads of anemia and HSC niche defects in
hemoglobinopathies through common and disease-specific mechanisms and that
pharmacological inhibition of FGF23 might restore the HSC-BM niche crosstalk, thus contributing

to a better clinical outcome of transplantation and gene therapy.

Objectives and specific aims

The main objectives of the project are to investigate the molecular mechanisms of the altered
BM niche in BThal and SCD, focusing on the role of FGF23, and to target the identified defects to
ameliorate the outcome of gene therapy transplantation. The specific aims are (1) to investigate
the molecular mechanisms regulating the role of FGF23 in BThal and SCD HSC niche by single-
cell transcriptomics, barcoding® and imaging approaches™, (2) to test our FGF23 inhibition
strategy® in the mouse model of SCD, (3) to perform preliminary studies on the combination of

FGF23 inhibition with transplantation and gene therapy for hemoglobinopathies.

Expected outcomes

The expected outcomes of the project include the identification of the role of FGF23 in the BM
niche by integrating single-cell RNA sequencing and in vivo barcoding strategies in the murine
models of BThal and SCD, the evaluation of the safety and efficacy of FGF23 inhibition in SCD and

the assessment of a protocol to combine FGF23 inhibition with gene therapy approaches.

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

These studies will be performed by using Hbb™¥*BThal and Townes SCD mice, as well as in vivo
tracing and reporter strains, i.e. the CARLIN and a-catulin®® mice. The student will acquire both
cellular and molecular techniques from immunophenotype analyses to in vitro and in vivo
functional assays, histological, barcoding and single cell-RNA sequencing analyses. The student
will be followed in acquiring specific skills for the analysis and critical interpretation of research

data.
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