MO 20-5

% U n | S R APPLICATIONTO ACT AS SUPERVISOR AND ed. 02 of 16/01/2026

RESEARCHPROJECT PROPOSAL

Universita Vita-Salute PO 20
San Raffaele Poge 5 of 10
PROJECT
Supervisor: Mario Leonardo Squadrito
Title: Reprogramming antigen trafficking and immune responses using in vivo
lentiviral gene therapy
Curriculum: Gene and Cell Therapy
Website: https:/ [research.hsr.it/en/institutes/san-raffaele-telethon-institute-for-

gene-therapy/units/vector-engineering-and-in-vivo-tumor-

targeting/mario-squadrito.html

Description of the Project

1. Background / Gap of Knowledge

In vivo gene therapy enables direct genetic modification of target cells using viral vectors,
without the need for ex vivo cell manipulation ' Lentiviral vectors (LVs) are powerful platforms
for stable, cell-type-specific gene delivery, increasingly explored for applications beyond
monogenic diseases, including cancer immunotherapy and immune modulation . However, a
fundamental and underexplored question is how antigen expression driven by LVs shapes
systemic immune responses depending on which cell type is targeted. The liver, a primary organ
transduced by intravenously administered LVs, is an immunologically tolerogenic environment
4% Whether hepatocyte-directed antigen expression induces dysfunction or deletion of antigen-
specific T cells, and how this compares to antigen delivery to myeloid or other immune cell
populations, remains poorly understood. Closing this gap is essential to both improving gene
therapy outcomes and exploiting LVs as precision immune modulators.

2. Rationale and Hypothesis

We hypothesize that antigen trafficking and cellular targeting can be engineered using LVs to
actively reprogram immune responses in vivo. Specifically, directing antigen expression to
defined cell populations (e.g. hepatocytes vs. myeloid cells) will differentially shape T cell
activation, dysfunction, or tolerance °. By leveraging vector engineering, LVs can be transformed
from passive gene delivery tools into active modulators of immunity 7 8. Understanding and
controlling these processes will enable the design of therapies that either enhance immunity
(e.g. anti-tumor responses) or induce tolerance (e.g. in chronic inflammation or autoimmunity).

3. Objectives and Specific Aims
Aim 1: Define how antigen trafficking and cellular targeting influence immune outcomes
e Engineer LVs with distinct cellular tropism and antigen presentation formats.
e Assess antigen uptake, processing, and MHC-I/Il presentation in vivo across target cell
populations.
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Aim 2: Dissect how LV-driven antigen expression shapes adaptive immunity
e Characterize CD8* T cell activation, exhaustion, or deletion induced by cell-type-specific
antigen delivery.
e Integrate single-cell transcriptomics and spatial profiling to map immune responses at
tissue level.

Aim 3: Develop strategies to reprogram immune responses using engineered LVs
e Incorporate immunomodulatory payloads (cytokines, regulatory RNAs, co-stimulatory
signals).
e Validate approaches to enhance anti-tumor immunity or reverse antigen-specific
tolerance in preclinical models.

4. Expected Outcomes
This project will establish a mechanistic framework linking antigen trafficking, cellular targeting,
and immune fate decisions in vivo. It is expected to:

e Reveal how distinct antigen delivery routes differentially shape T cell responses.

¢ Identify key molecular pathways governing immune activation versus tolerance.

e Generate engineered LV platforms with programmable immunological outputs.

Ultimately, this work will provide conceptual and technological tools to advance both gene
therapy and immunotherapy, with relevance to cancers where immune suppression limits the
efficacy of current treatments.

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

The student will acquire hands-on experience in molecular cloning and lentiviral vector
production, including the engineering of cell-type-specific constructs. In vivo skills will include
mouse handling, vector administration, and tumor models. On the immunology side, the student
will learn multiparametric flow cytometry for T cell phenotyping, antigen presentation assays,
and functional immune readouts. The project also incorporates single-cell RNA sequencing.
Overall, the project offers a broad and modern training combining molecular biology, in vivo
experimentation and immunology.
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