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

Backgroundlgap of knowledge

Despite clinical success of chimeric antigen receptor (CAR)-T cells for selected hematological
malignancies, several hurdles, such as tumor heterogeneity, impaired T cell function and
trafficking, and the immunosuppressive signals from the tumor microenvironment limit the full
exploitation of genetically engineered T cells to treat solid tumors.

Rationale and hypothesis

Here, we hypothesize that multiple genome editing into T cells could allow to overcome these
hurdles and boost T cell functions against gastrointestinal (GI) tumors.

Objectives and specific aims

We shall redirect T cell specificity through our TCR gene editing protocol (Provasi, Genovese et
al., Nat Med 2012; Ruggiero Science Transl. Med. 2022) and CAR gene transfer protocol (Casucci
Blood 2013; Greco STM 2022). We will select antigens highly expressed in Gl tumors and exploit
TCR-gene editing coupled with lentiviral transduction of a TCR and a CAR construct. We shall
investigate the metabolic reprogramming of CAR and TCR-T cells. Reprogramming of energetic
metabolism is a critical feature of T cells responses in cancer. Glycolysis and mitochondrial
functions are finely tuned during lymphocyte activation. Accordingly, growing evidence
indicates that immunotherapy efficacy and, in turn, T-cell exhaustion, are highly influenced by
the metabolic requirements of immune cells. We already reported that it is possible to knock-
down CD39 in TCR edited (TCRep) T cells and that Oxygen Consumption Rate and ExtraCellular
Acidification Rate are reduced in activated TCRyy CD39o redirected cells, and that these cells
are more potent anti-tumor effectors than CD39 competent counteparts (Potenza, Balestrieri et
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al, GUT 2023). Here, we will increase the fitness of engineered CAR and TCR T cell products, by
CD39/CD73/A2AR gene manipulation. Furthermore, we will investigate the metabolic
mechanism enhancing T cell activity under constant antigen stimulation, nutrients deprivation
and suppressive conditions in the TME, and perform single-cell RNA sequencing, to reveal novel
modulators to harness for boosting Adoptive Cellular Therapy (ACT). Besides metabolic
reprogramming, in the TME of GI tumors both stromal and tumor cells overexpress multiple
immune checkpoint ligands, which bind to their cognate receptor on T cell surface, activating a
suppressive cascade. We will select the most relevant inhibitory axis in Gl tumors and generate
ATMPs with tailored modifications, with the aim to improve their efficacy in the TME. Moreover, to
enhance the persistence of these super-powered ATMPs, we will genetically engineer T cells to
harbor not only the anti-tumor receptor, but also the membrane-bound IL15, which mimics
physiological trans-presentation of the cytokine and enhances persistence. Engineered cells will
be tested in vitro and in vivo against cell lines and patients’ derived organoids, already available
in the lab.

Expected outcomes

Results of this study will lead to the implementation of innovative therapeutic cellular products
for the treatment of patients affected by aggressive cancer.

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, AAV6 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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