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

Buckgroundlgqp of knowledge

Despite major advances in understanding disease biology, the treatment of acute myeloid
leukemia (AML) remains challenging. Allogeneic hematopoietic stem cell transplantation
(HSCT) is currently the only curative option, highlighting the disease’s sensitivity to
immunotherapy; however, most patients eventually relapse. While chimeric antigen
receptor (CAR) T cells have achieved remarkable success in treating B cell malignancies,
their efficacy in AML has been limited. This is largely due to disease heterogeneity, the
lack of optimal surface antigens, and insufficient T cell persistence'. A promising strategy
to overcome these limitations is the engineering of T cells with novel T cell receptors
(TCRs), enabling recognition of a broader range of tumor antigens and enhancing T cell
persistence®. Nevertheless, the altered bone marrow microenvironment in AML adds
further complexity and remains a significant barrier to effective immune-based therapies.

Rationale and hypothesis

Given the critical role of donor-derived T cells after HSCT, we aim to leverage the key
pitfalls of this setting, where T cells can be effective yet relapse still occurs, to uncover
mechanisms of immune evasion. We hypothesize that defining these failure points will
guide the design of improved engineered T cell therapies, ultimately enhancing outcomes
for patients with AML.

Objectives and specific aims

Our overarching goal is to develop novel living drugs in the form of engineered T
lymphocytes capable of sensing immunosuppressive signals within the leukemic
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microenvironment and responding with enhanced cytotoxic activity. To achieve this, we will
integrate advanced methodologies, including TCR repertoire sequencing®, single cell
multiomics, 3D culture systems, high throughput phenotypic T cell analysis, genome
engineering, synthetic biology, and murine AML models. Specifically, we aim to: 1) identify
and characterize novel anti-tumor TCRs, with thorough evaluation of their safety and
efficacy?; 2) apply genome engineering approaches to generate robust and functional anti-
tumor T cell populations®; 3) elucidate key pathways and mechanisms underlying cancer—
T cell co-evolution and immune evasion. Rather than solely attempting to prevent immune
escape, our approach seeks to reprogram leukemic cells into functional allies that enhance
T cell activity.

Expected outcomes

This project is expected to yield innovative “living drug” therapies that can be evaluated as
standalone or combination treatments for AML. Importantly, the immunosuppressive
mechanisms identified within the bone marrow are shared across multiple cancer types.
As such, our findings may provide a foundation for the development of durable, broadly
applicable immunotherapies for a wide range of malignancies.

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

The student will receive hands-on training in cutting-edge cellular and molecular biology
techniques, including single-cell omics, T cell profiling, T cell engineering, immunological
assays, flow cytometry and in vivo models.

Beyond technical expertise, the student will be encouraged to cultivate a critical and
analytical approach to scientific literature, while developing strong skills in experimental
design and data interpretation. Active participation in scientific meetings and seminars will
strengthen communication abilities, broaden perspective, and foster professional growth.
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