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

Background/gap of knowledge

Predicting how tumor cells will react to therapy is a central problem in cancer biology. For the 
tumor suppressor p53 the activation dynamics following DNA damage have been shown to be 
predictive of cell fate outcomes, as for other transcription factors (1): oscillations are associated 
with DNA repair, while sustained responses lead to apoptosis or cell cycle arrest (2, 3). Whether 
this is exerted through its canonical function as transcriptional activator (2) or through other 
functions (4, 5) is unclear. Importantly, there is experimental evidence showing that cells coming 
from a division share a cell fate upon therapy (6); this opens the intriguing possibility that 
dynamic responses are determined by specific (epi)genetically transcriptional states, as we 
have shown for the dynamic transcription factor NF-kB (7).  

Rationale and hypothesis

We hypothesize that p53 dynamics upon DNA damage produce specific gene expression 
patterns of sets of target genes that determine different cell fate decisions, particularly cell cycle 
arrest and different forms of cell death. Building on this, we further hypothesize that a snapshot 
of multiple target genes in a population might allow us to re-construct their past p53 dynamics. 
Finally, we consider that the same approach can be used to infer the variety of dynamics and 
cell fate decisions that might arise in a population of cancer cells.

Objectives and specific aims

1) To characterize how p53 responses to different genotoxic stresses (gamma irradiation or 
chemotherapy, respectively) lead to different patterns of target gene expression at single cell 
level.  
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2) To unveil how p53-dynamics mediated transcription determines cell cycle arrest or cell 
death using appropriate reporters (8, 9).  

3) To characterize transcriptionally the cell states that determine distinct p53 dynamics 
responses and cell fate decisions.

4) To apply these ideas to predict response to therapies in PDOs for colorectal cancer cultured 
in a high throughput system that we have contributed to develop (10).

Expected outcomes

At the end of this project, we will have provided mechanistic insights on how p53 can control cell 
fate decisions by specific control of target genes upon distinct genotoxic stresses. Furthermore 
we will have identified the determinants of distinct p53 responses to therapy. Taken together, 
our work will provide novel tools able to predict cancer cancer cell responses to therapy.

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

- Perform live cell imaging and use quantitative image analysis approaches and advanced data 

analysis.

- Generate models with reporters of cell death and cell cycle alongside p53 dynamics.

- To use the sequential single-molecule RNA-FISH technique autoFISH (11) and apply state of the 

art cell and molecular biology techniques (RT-PCR, Western Blots, Immunofluorescence)

- Work in a multidisciplinary environment, composed by biologists, biotechnologists and 

biophysicists.

References (max. 15)

1. F. Bonsignore, S. Pozzi, E. Aloi, D. Mazza, S. Zambrano, Linking signaling dynamics and cell 

fate decisions through single-cell imaging: evidence and challenges. Front. Cell Dev. Biol. 13 

(2025).

2. J. E. Purvis, K. W. K. C. Mock, E. Batchelor, A. Loewer, G. Lahav, p53 Dynamics Control Cell 

Fate. Science 336, 1440 1444 (2012).



APPLICATION TO ACT AS SUPERVISOR AND
RESEARCH PROJECT PROPOSAL

MO 20-5
ed. 02 of 16/01/2026

PO 20
Page 7 of 12

3. R. Yang, B. Huang, Y. Zhu, Y. Li, F. Liu, J. Shi, Cell type dependent bimodal p53 activation 

engenders a dynamic mechanism of chemoresistance. Sci. Adv. 4, eaat5077 (2018).

4. M. S. Heltberg, A. Lucchetti, F.-S. Hsieh, D. P. Minh Nguyen, S. Chen, M. H. Jensen, Enhanced 

DNA repair through droplet formation and p53 oscillations. Cell 185, 4394-4408.e10 (2022).

5. E. Colombo, S. Pozzi, A. Loffreda, F. Genova, E. Aloi, T. Heinichen, P. Falletta, M. Mazzocca, T. 

Fillot, D. Gnani, A. Agresti, M. E. Bianchi, S. Zambrano, D. Mazza, NF- B transcriptionally enhances 

p53 accumulation dynamics hampering DNA repair. bioRxiv [Preprint] (2026). 

https://doi.org/10.64898/2026.02.24.707448.

6. S. Chakrabarti, A. L. Paek, J. Reyes, K. A. Lasick, G. Lahav, F. Michor, Hidden heterogeneity 

and circadian-controlled cell fate inferred from single cell lineages. Nat Commun 9, 5372 (2018).

7. C. Kizilirmak, E. Monteleone, J. M. García-Manteiga, F. Brambilla, A. Agresti, M. E. Bianchi, S. 

Zambrano, Small transcriptional differences among cell clones lead to distinct NF- B dynamics. 

iScience 26, 108573 (2023).

8. S. Selcen, L. Wieland, T. De Oliveira, M. Ghadimi, L.-C. Conradi, G. Schneider, L. Witte, M. Wirth, 

Integrated real-time imaging of executioner caspase dynamics, apoptosis-induced 

proliferation, and immunogenic cell death using a stable fluorescent reporter platform. Cell 

Death Discov. 11, 368 (2025).

9. A. Sakaue-Sawano, H. Kurokawa, T. Morimura, A. Hanyu, H. Hama, H. Osawa, S. Kashiwagi, 

K. Fukami, T. Miyata, H. Miyoshi, T. Imamura, M. Ogawa, H. Masai, A. Miyawaki, Visualizing 

spatiotemporal dynamics of multicellular cell-cycle progression. Cell 132, 487 498 (2008).

10. O. A. Botrugno, E. Bianchi, J. M. Bruno, C. Felici, G. F. M. Gallo, E. Sommella, P. D. Stefano, V. 

Giansanti, V. Rossella, D. Lazarevic, F. Merciai, V. Caponigro, V. Golino, D. L. Gioia, A. Malinconico, E. 

Colombo, G. Giovannoni, G. Gatti, F. Ratti, S. Buonanno, F. Pedica, C. Tacchetti, P. Falletta, S. 

Zambrano, D. Mazza, D. Cittaro, P. Campiglia, L. Aldrighetti, G. Tonon, G. Dubini, Development of a 

high-throughput 3D culture microfluidic platform for multi-parameter phenotypic and omics 

profiling of patient-derived organoids. bioRxiv [Preprint] (2024). 

https://doi.org/10.1101/2024.12.28.630600.



APPLICATION TO ACT AS SUPERVISOR AND
RESEARCH PROJECT PROPOSAL

MO 20-5
ed. 02 of 16/01/2026

PO 20
Page 8 of 12

11. C. Weber, T. Defard, M. Lelek, H. Laporte, A. Mallick, J.-A. Londoño-Vallejo, T. Walter, C. 

Fouillade, M. I. Gariboldi, F. Mueller, autoFISH - a modular toolbox for sequential smFISH 

experiments. bioRxiv [Preprint] (2024). https://doi.org/10.1101/2024.11.14.623566.


