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

Backgroundlgap of knowledge

Adeno-associated viral (AAV) vectors are widely used in gene therapy due to their
versatility and favorable safety profile. However, their broad tropism limits their
suitability for cell-specific applications. Current AAV variants often exhibit off-target
transduction across multiple organs and cell types, reducing overall efficiency and
raising potential safety concerns. These limitations hinder the use of AAVs in precision
medicine approaches that require strict cell-type specificity, such as the targeted
delivery of therapeutics to primary or metastatic tumor cells.

Rationale and hypothesis

We developed AAV-STITCH, a strategy using SpyTag technology (1) to covalently attach
polypeptides to the AAV capsid. This system relies on two small reactive protein
fragments, SpyTag and SpyCatcher, which spontaneously form a covalent isopeptide
bond with high affinity. Given that the SpyTag fragment consists of only 13 amino acids,
we integrated it into the AAV capsid maintaining intact the production efficiency of this
vector. As proof of concept, we fused the SpyCatcher with the anti-GD2 ScFv to redirect
its infection to GD2-expressing neuroblastoma (NB) cells (2). NB is the most frequent
and aggressive pediatric extracranial solid tumor, responsible for 15% of childhood
cancer deaths. AAV-STITCHaGD2 selectively transduced NB tumor cells without
transduction of healthy tissues. Furthermore, delivery of a suicide gene via AAV-
STITCHaGD2 suppressed tumor growth and extended survival in mice with
subcutaneous and pseudometastatic NB xenografts (2). These findings establish the
feasibility of engineering AAVs with cell-type-specific transduction properties,
providing a powerful and adaptable platform for the selective elimination of NB tumor
cells.
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Objectives and specific aims
Our data support the strong therapeutic potential of the AAV-STITCH-GD2 system,

representing a radical new and powerful strategy to fight NB and other GD2+ tumors. In
this project, this approach will be tested in multiple pre-clinical models of NB and
glioblastoma and further evolve the system with more potent viral vectors able to
maximize tumor killing and evade host immune system. The AAV-STITCH-GD2 will be
further evolved by: i) identifying the most effective suicide gene able to also stimulate
the host immune system in a NB congeneic mouse model; i) extending its application
to GD2+ NB brain metastasis and glioblastoma; iii) overcoming its current limitation as
one-single treatment by enabling repeated AAV dosing.

Expected outcomes

This project will optimize and advance a groundbreaking therapeutic approach by
engineering AAV capsids to precisely target NB tumor cells with unprecedented
specificity and efficacy, establishing a new paradigm in precision medicine.

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

The student will develop strong expertise in:

- Molecular cloning and gene engineering

- AAV vector cloning, production and quality assessment

- Manipulation and analysis of mouse models of Neuroblastoma and Glioblastoma
- Brain tissue isolation and histological analysis

- Genome-wide bulk and single-cell transcriptomics studies

- Basic knowledge of bioinformatics tools

- Immunofluorescence and image analysis

- Statistics and data interpretation
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