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

Background/gap of knowledge

The fundamental role of the tumor suppressor p53 in determining the cellular response to genotoxic stress
such as the one induced by many chemotherapies is well known (1). The canonical function of p53 is the
one of a sequence-specific inducible transcription factor: upon detection of DNA damage, p53 is
phosphorylated and tetramerize. Tetrameric p53 can bind the promoters and enhancers of target genes
involved in the response to DNA damage to regulate their expression (2).

Despite being one of the most studied tumor suppressor, the development of drugs targeting p53 to
enhance response to chemotherapies had shown limited success so far, possibly because p53 can
regulate both pro-survival and pro-apoptotic pathways, in a stimulus and context-specific fashion.
Notably - aside from its role as transcriptional activator — p53 also interacts with membraneless
compartments in the nucleus, such as DNA damage foci (3), PML bodies (4) and nuclear speckles (5), with
increasing evidence pointing at functional roles of these interactions. The dynamics of p53 interactions at
DNA damage - for example — have recently shown to control the recruitment of the repair machinery (3),
potentially modulating the efficacy of DNA repair and the cell fate of cancer cells exposed to
chemotherapies (6).

Rationale and hypothesis

Our hypothesis for the proposed project is that by modulating p53 recruitment to nuclear organelles we
can control the cellular response to genotoxic therapies.
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Objectives and specific aims

The goal of the project will be therefore to define the dynamics of p53 recruitment to DNA damage foci, PML
bodies and nuclear speckles and the mechanisms underlying such recruitment, and its connection to the
fate of cancer cells exposed to genotoxic chemotherapies.

To achieve this goal the PhD student will make use of an innovative and original microscopy technology
(Figure 1) that we have developed to monitor the interaction of TFs with the nuclear environment with
super-resolution and single molecule sensitivity in live cells (7,8,9,10).

Expected outcomes

The findings of the student will be fundamental to characterize non-canonical functions of the tumor
suppressor p53 and identify novel therapeutic strategies to control cellular response to genotoxic
chemotherapy in p53-wt cancers.
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Figure 1. Single-molecule tracking coupled to super-resolution microscopy
allows to quantify specific recruitment of p53 to nuclear bodies in cancer cells.
(A) Exemplary live-cell acquisition of p53 single molecule tracking in cells
expressing PML-GFP before and after the activation by DNA damage — shown
are (B) Cross correlation analysis for the detected positions for PML bodies
and p53 molecules, identifies an increased recruitment of bound p53 molecules
upon activation by DNA damage.

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

The PhD student involved in our project will have the opportunity to be trained in a stimulating
multidisciplinary environment on cutting-edge approaches in cellular and molecular biology, quantitative
biology and advanced microscopy, including intranuclear single molecule tracking microscopy, a method
that our laboratory has pioneered. The student will also use gene editing approaches such as CRISPR/Cas9
to label nuclear compartments with fluorescent tags and quantitative analysis tools, including those based

on machine learning/artificial intelligence.
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