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

Buckgroundlgqp of knowledge

Recent studies have highlighted the role of metabolic and epigenetic reprogramming in driving
immune evasion in acute myeloid leukemia (AML) relapse following allogeneic hematopoietic
cell transplantation (allo-HCT) (1-3). Among these processes, metabolic rewiring is emerging
as a critical mechanism, with lactic acid (LA) identified as a key mediator of immune escape
through both the impairment of T cell effector functions (2) and the modulation of oncogenic
transcriptional programs via the histone modification “lactylation” (4). Growing evidence further
indicates that lactylation of histone and non-histone proteins play a central role in regulating
genes involved in resistance to cancer immunotherapy (4-7). However, the upstream regulators
of lactylation, the gene targets and pathways it modulates in AML, and their potential role in
mediating immune escape remain largely undefined.

Rationale and hypothesis

Recently, LA has emerged as a key immunosuppressive oncometabolite and epigenetic
regulator, yet it remains unclear whether LA-driven signals intersect with epigenetic regulators
to sustain post-transplant AMLimmune evasion. In this project, we aim to identify the actionable
nodes within this metabolic—epigenetic axis to ultimately reinstate antitumor immunity. We will
analyze paired AML samples collected at diagnosis and relapse after allo-HCT to quantify global
(pan-Kla) and residue-specific histone lactylation and determine whether increased lactylation
associates with distinct relapse patterns. We will characterize lactylation-driven chromatin
remodeling by integrating ATAC-seq and CUT&Tag with transcriptional profiles to derive
relapse-specific regulatory elements and transcription-factor (TFs) networks. In parallel, we will
define lactylation-dependent proteomic changes using pan-Kla immunoprecipitation followed
by LC-MS to identify differentially lactylated proteins, associated pathways, and top candidates
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by targeted IP-MS to uncover associated regulators. We will functionally validate the role of
priority TFs and lactylated proteins in immune evasion using CRISPR/Cas9 gene knockout, testing
also whether combining genetic perturbation with epigenetic/metabolic agents reinstates
antitumor immunity. This work will leverage collaborations with Dr. Davide Gabellini and Dr.
Simone Cardaci (San Raffaele), and Dr. David Sumpton (CRUK Scotland Institute).

Objectives and specific aims

1)Decipher the LA—driven epigenetic alterations and the upstream regulators underlying post-
transplant leukemia relapse

2)Characterize the LA-enriched proteome and identify the principal mediators of lactylation
dynamics sustaining AML immune escape

3)Define the functional contribution of the most promising candidate regulators by ad hoc in
vitro assays

Expected outcomes

Improved mechanistic understanding of lactylation-driven modifications in shaping
immune-evasion programs after allo-HCT will identify novel actionable regulatory hubs that can
be targeted to restore antitumor immunity, thereby supporting the rationale of new
complementary therapeutic strategies.

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

The project features an equal balance of experimental and computational work. The student will
gain proficiency in wet-lab techniques using primary patient samples, including libraries for
sequencing. In parallel, a significant part of the project will require ability to program and
develop bioinformatic pipelines for chromatin profiling and transcription-factor network
inference. Through this integrative approach, the student will acquire a robust interdisciplinary
skill set spanning molecular epigenetics, data science, and systems-level analysis of gene-
regulatory mechanisms.
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