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PROJECT 1 

DoS: Raffaella Di Micco 

Title: Dissecting the role of stress-triggered proliferation in hematopoietic stem cell aging 

Curriculum: Gene and Cell Therapy 

Link to OSR/UniSR personal page:  https://research.hsr.it/en/institutes/san-raffaele-telethon-institute-for-
gene-therapy/senescence-in-stem-cell-aging-differentiation-and-
cancer/raffaella-di-micco.html 

Project description (Number of characters, including spaces: 2.000 - 3.000): 

Human Hematopoietic Stem and Progenitor Cells (HSPC) serve as a lifelong reservoir for mature blood cells 
and represent the preferred cell source for ex-vivo genetic correction of monogenic diseases of the 
hematopoietic lineage. Accumulation of DNA damage in HSPC is a contributing factor to aging and bone 
marrow failure syndromes, although the origin of such DNA damage and its biological consequences on HSC 
functions remain ill-defined. Emerging evidence, including our own, indicates that when activated in culture 
prior to genetic engineering human HSC accumulate DNA damage, in the form of single and DNA double strand 
breaks likely as a result of aberrant and fast proliferation rates. Similarly, phenotypically-defined primitive HSCs 
from aged individuals display increased propensity to undergo cell divisions upon ex-vivo activation albeit at 
the expense of their self-renewal, differentiation and regenerative capacity upon transplantation. Here, we aim 
to identify the molecular mechanisms governing the biological response of human HSPC to stress-induced 
activation, that could potentially hamper the fitness of this primitive cell compartment in aging and during 
reconstitution of genetically engineering HSCs. We will test whether HSCs accumulate DNA damage and elicit 
a non-canonical DNA damage response (DDR) when out of their quiescent state, likely as a consequence of 
exacerbated DNA replication stress. We will assess if altered DNA replication patterns preferentially occur in 
hard-to-replicate genomic sites such as telomeres and fragile sites. We will test the possibility that nuclease-
mediated degradation of stalled replication forks may trigger cytosolic accumulation of nucleic acids with 
activation of innate immune pathways, senescence and chronic inflammation, resulting in stem cell 
exhaustion, myeloid skewing and lymphoid impairment. To pursue these objectives, the successful candidate 
will i) combine a unique know-how of DNA replication mechanisms with recently acquired knowledge on the 
biology of aged and genetically engineered human HSC, ii) take advantage of pioneering technologies 
(including advanced genetic engineering platforms available in the host institution, single-cell 
transcriptomics, quantitative imaging and genome-wide mapping of DNA breaks); iii) tackle key ill-defined 
issues pertaining the functional properties of human HSC in state-of-the-art humanized mouse models of 
transplantation. Successful completion of the project will unveil a new set of mechanisms controlling the 
biology of human HSCs under stress and will provide an innovative platform to mitigate detrimental cellular 
responses for more effective hematopoietic reconstitution upon transplantation. 
 

Skills to be acquired by the student (Number of characters, including spaces: max 600): 

The student will acquire a unique molecular expertise in the field of DNA damage, DNA replication stress and 
senescence and combine it with available gene-therapy platforms and state-of the art protocols for genetic 
engineering of human hematopoiesis and human samples from a cohort of aged individuals. He/she will 
become proficient with cellular assays to test human HSPC functionality in vitro and in vivo by 
xenotransplants. The student will be trained to become an independent thinker and will have the unique 
opportunity to interact with internal and international collaborators leaders in the field.  
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