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

Backgroundlgap of knowledge

By acting as living drugs, T cell immunotherapies are revolutionizing cancer treatment. Gene
transfer technologies endow T cells with the ability to specifically recognize a selected tumor
antigen through a chimeric antigen receptor (CAR) or a T cell receptor (TCR). While CAR T cells
induce exceptional clinical results against selected hematological malignancies, their efficacy
against solid tumors is still limited by several hurdles including their property to recognize only
extracellular molecules and their poor in vivo persistence. On the other hand, TCRs can target
with very high sensitivity a broad range of extracellular and intracellular antigens, and TCR
triggering better promotes T cell persistence. However, HLA restriction limits the feasibility of TCR-
based therapeutics. Finally, both CARs and TCR-T cell efficacies are limited by T-cell exhaustion

signals, abundant in the tumor microenvironment

Rationale and hypothesis

CAR and TCR T cells have historically been developed as two independent lines of therapy; our
hypothesis is that a combined approach could empower T-cell based immunotherapy against

solid tumors.

Objectives and specific aims

We aim at comparing and combining the relative strengths of CARs and TCRs, while improving
the resilience and persistence abilities of engineered T cells, to ultimately deliver innovative, safe

and effective advanced medicinal products (ATMPs) for cancer treatment. We will focus on
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pancreatic and ovarian cancers, two tumor entities sharing silent progression and late diagnosis
and overexpressing a pool of common tumor-associated antigens, such as the Human
Epidermal Growth Factor Receptor 2 (HER2; Potenza, Balestrieri et al. Gut 2023) and Mesothelin
(MSLN; Spiga, Potenza et al. Nat Comm 2026). We plan to perform a comparative analysis of
engineered CARs and TCRs-T cells through the study of their activation kinetics and anti-tumor
responses and test their combination to maximize therapeutic efficacy. To further enhance the
functionality of dual-engineered CAR/TCR T cells, we will genetically modify T lymphocytes to
address two main limitations to T cell therapy efficacy: functional exhaustion and poor
persistence. Functional assays will be performed using a set of tumor organoids and ascites
cultures, already available in the hosting institution, as target cells. This availability of a large
biobank of tumor organoids and ascites cultures well characterized and with variable levels and
numbers of antigen expressed, will allow to assess the role of antigens expression and other
immunological variables on CAR and TCR redirected T cells, thus permitting a fine tuning of the
cellular products and of the most effective and safe combinations. Safety will be carefully
monitored in vitro and in vivo by the assessment of TCR and CAR specificity, risk of cytokine

release syndrome and ICANS.

Expected outcomes

The combination of CAR- and TCR-engineered T cells harbors the promise to produce safe,
effective, profound and prolonged anti-tumor responses in diseases that still represent major

unmet clinical needs.

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

Hard skills: Genome editing and gene transfer with Crispr-Cas9 technology, base editing,
lentiviral vectors; functional testing in vitro and in complex xenograft mouse models. Advanced
transcriptomics and proteomics analysis. Flow cytometry.

Soft skills: Critical analysis of scientific literature; Design and management of scientific projects;
Data presentation and discussion at internal lab meetings; Scientific presentations at
Institutional progress reports and at international conferences; Thesis and manuscript writing.
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