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Project description (Number of characters, including spaces: 2.000 - 3.000): 

The transcription factor p53 exert its tumor-suppressive function by activating transcriptional programs to 
cope with DNA damage, preventing the propagation of deleterious genetic alterations and amplifying the 
response to chemo- and radiotherapies. In response to genotoxic stress p53 levels increase, p53 starts to 
oligomerize and to bind specific sequences on promoters and enhancers of its target genes to activate them 
[1].  A large fraction of cancers displays mutated p53, affecting its folding and its binding on DNA. In the 
remaining 30% of cancers p53 is often kept inactive by repressive post-translational modifications or by 
imbalanced interactions with its co-activators and repressors. Reactivation of p53 in cancer, is therefore a 
promising therapeutic strategy [2]. 
 
To identify strategies aiming at reactivating p53, we need a better understanding of the molecular 
mechanisms keeping p53 inactive. In this project we will focus on two p53 WT cancer models, neuroblastoma 
(NB) and Teratocarcinoma (TC). In these settings, several mechanisms have been proposed to be capable of 
shutting down p53 functions ranging from increased methylation [3] to down-regulation of lncRNAs that act 
as co-activators such as DINO [4]. We aim to characterize to what extent each of these processes contribute 
to p53 inactivation and what processes in the p53 activation cascade are compromised in these settings. 

Over the years we have developed a panel of advanced microscopy approaches that allow to monitor the 
different steps of p53 activation with unprecedented detail and single-cell resolution. By fluorescence 
fluctuation analysis, we can monitor whether these cancers display defects in p53 oligomerization [5]; by single 
molecule tracking we can monitor the diffusion properties of p53 in live cells and quantify its binding kinetics 
on chromatin [6, 7]; by single molecule RNA FISH (smFISH) we can quantify cell-by-cell the transcriptional 
activity of p53 to build input-output relationships that allow to quantify [7, 8] how much each of the above 
mentioned processes (e.g. p53 PTMs, lncRNAs expression) contribute to keep p53 inactive.  

Finally, in the second part of the project we plan to test the in-vitro efficacy of therapeutic strategies, either by 
using small-molecule compounds that promote p53 correct folding [9] or mimic the p53 interaction with its 
positive regulators or by a potential gene-therapy strategy by exploiting a chimeric p53, recently developed 
in our lab, that display hyperactivation properties. These compounds will be tested by exploiting the techniques 
described above, combined with classical analysis of cell proliferation and apoptosis. Off-target effects will be 
evaluated on p53-KO cell lines developed in our lab. We will also consider the possibility to test the most 
promising compounds for their capability of interfering with tumor growth in xenograft mouse models.   

Skills to be acquired by the student (Number of characters, including spaces: max 600): 

- Use gene editing (CRISPR/Cas9) to obtain KI and KO p53 cell lines. 
- Apply state of the art cell and molecular biology techniques (RT-PCR, Western Blots, Immunofluorescence) 
- Use advanced microscopy approaches ranging from live cell single molecule imaging to fluorescence 
fluctuation analysis and single-molecule hybridization microscopy. 
- Be exposed to genomic approaches (Run and Tag, ChiP seq, RNAseq) related to the validation of our 
chimeric p53 product.  
- Work in a multidisciplinary environment, composed by biologists, biotechnologists, biomedical engineers, 
and biophysicists.  
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