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

The liver is a relevant target organ for gene therapy, because of its high metabolic and secretory activity and
involvement in many inherited and acquired diseases, including metabolic diseases and plasma protein
deficiencies, such as hemophilia. Liver-directed gene therapy for the coagulation disorder hemophilia is among
the most successful application of gene therapy. Indeed, it has been shown that a single intravenous administration
of adeno-associated viral (AAV) vectors delivering a functional copy of a coagulation factor gene allowed multiyear clinical benefit in adult patients affected by hemophilia. However, because AAV vectors do not actively
integrate into the host cell genome, they are lost upon cell division in liver growth, thus limiting their use in
pediatric patients. On the contrary, lentiviral vectors (LV) integrate into the target cell chromatin and are maintained
as cells divide, thus representing attractive vehicles for liver-directed gene therapy, given their potential for stable
long-term expression after a single administration. The clinical success obtained by AAV-vector based liver gene
therapy in hemophilia has indeed raised the expectation to broaden the indications to diseases that are more
severe or lethal in childhood. In this context, LV represent an opportunity to address these challenges.
This project aims at evaluating the efficacy and safety of liver-directed gene therapy by hepatocyte-targeted LV
for progressive familial intrahepatic cholestasis and maple syrup urine disease, two metabolic diseases, chosen
as representative for the class with intrahepatic manifestations and liver damage and the class with extrahepatic
manifestations, respectively. The former is due to accumulation of bile acids within hepatocytes and subsequent
toxicity, ultimately leading to liver cirrhosis and failure, while the latter is caused by a defect in an enzyme
involved in catabolism of branched chain amino acids, thus leading to their accumulation in the circulation and
subsequent neurotoxicity. Both diseases severely affect children and contemplate liver transplant as the only
curative solution, thus representing an unmet medical need and classifying as candidates for liver gene therapy.
Specifically, the Ph.D. candidate will determine the threshold of genetically corrected hepatocytes required for
disease correction and assess whether cross-correction or selective advantage occur in mouse models of these
diseases. Moreover, since gene transfer with integrating vectors is associated with imperfect control of transgene
expression and the risk of insertional mutagenesis, she/he will explore the possibility to perform in vivo gene
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editing and compare advanced LV-mediated gene delivery and site-specific nuclease mediated gene editing
strategies in terms of feasibility, efficiency, therapeutic efficacy, safety and durability.

Skills to be acquired by the student:
Wet skills
Generation and characterization of lentiviral vectors; design of gene editing strategy and reagents set up;
cell cultures; molecular biology: molecular cloning, DNA and RNA extraction, quantitative PCR, sequencing;
ELISA; western blot; flow cytometry; animal handling and post-mortem analysis.
Job-related skills
Experimental design and data analysis, interpretation and presentation; paper writing.
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