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PROJECT 1 

DoS: Giulio Cossu 

Title: The role of cellular stress in telomere shortening and senescence in primary human cells 

Curriculum: NEN 

Link to OSR page:  
https://research.hsr.it/en/institutes/institute-
of-experimental-neurology/cell-therapy-
for-myopathies/giulio-cossu.html 

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

This project aims to test the hypothesis that cellular senescence is not directly due to telomere shortening 
but to cellular stress that inhibit telomerase in somatic cells. It is generally assumed that cellular senescence 
in most mammalian cells is due to progressive shortening of telomeres (chromosome ends) that cannot be 
replicated because of lack of telomerase. Germ, stem and cancer cells escape senescence because they 
express telomerase and many successful attempts to immortalize primary human cells have been based on 
forced expression of telomerase (e.g., Benedetti et al. 2018). It is also known that cellular stress negatively 
impacts on telomerase activity and results in premature senescence (de Magalhães & Passos 2018). We 
made the serendipitous observation that, by reducing oxidative and mechanical stress (due to adhesion to 
hard substrates) primary human progenitor cells (mesoangioblasts, vessel associated myogenic 
progenitors: Dellavalle at al. 2007) can proliferate indefinitely, up to about 70 Population Doublings, and 
express low level of telomerase. If successful, this project will change a paradigm in cell biology: senescence 
is not the consequence of telomere shortening. Rather, telomere shortening is the consequence of stress, 
almost invariably caused by sub-optimal culture conditions and/or experimental manipulations.  Therefore 
the project will investigate whether extended proliferation a unique feature of mesoangioblasts or is it 
present in other progenitor or even mature primary human cells; it will also test which cellular events or 
manipulations will impact on telomerase/senescence and which will not (e.g., heat, ethanol, pH, cell density, 
transfections, viral transduction etc.) and, related to the above, how telomerase and telomere length 
respond to different signals and is it possible to expose cells to agents that may prevent senescence in the 
presence of a stress event. Finally the project will investigate whether  the same cells, exposed to different or 
no stress in vitro, will perform differently upon transplantation in vivo in models of muscular dystrophy.   

If successful, this project will change a paradigm in cell biology: senescence is not the consequence of 
telomere shortening but telomere shortening is the consequence of stress. Indeed, studying cellular 
senescence in culture to understand human senescence may have been conceptually wrong, also 
considering that in mammals, senescence is associated to degeneration of tissues such as brain and heart 
(defined as “perennial” by Bizzozero) where mature cells do not divide at all. Finally, the results of this project 
in basic biology will inform the translational work in the Unit, where long term expansion of mesoangioblasts, 
under “optimal conditions”  will be instrumental to create an “immune-privileged” universal donor cell for the 
therapy of primary myopathies and other recessive diseases of the mesoderm. 

Skills to be acquired by the student (Number of characters, including spaces: max 600): 
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- Culture of primary human mesoderm cells (satellite cells, mesoangioblats, mesenchymal stromal 
cells etc.). 

- Analysis of telomerase and telomere length 
- Production and use of viral vectors 
- Basic laboratory techniques 
- Basic techniques in animal experimentation. 
- Data analysis and management 
- Writing and communication skills. 

References (max. 15) 

Benedetti S, Hoshiya H, … Cossu G and Tedesco FS. 2018. Reversible Immortalisation Enables Genetic Correction 
and Engineering of Next-Generation Human Artificial Chromosomes for Duchenne Muscular Dystrophy.  EMBO 
Mol Med 10:254-275. 

Dellavalle A, Sampaolesi M….. Bianco P and Cossu G 2007. Pericytes of human skeletal muscle are 
myogenic precursors distinct from satellite cells. Nature Cell Biol. 9:255-267.  

de Magalhães JP, Passos JF. 2018. Stress, cell senescence and organismal ageing.  Mech Ageing Dev. 170:2-9. 

Lei Q, Gao F, Liu T, …. Guo Y. Extracellular vesicles deposit PCNA to rejuvenate aged bone marrow–derived 
mesenchymal stem cells and slow age-related degeneration. 2021. Sci. Transl. Med. 578, eaaz8697. 

Shao L, Li QH, Tan Z. 2004 L-carnosine reduces telomere damage and shortening rate in cultured human 
fibroblasts. Biochem Biophys Res Commun. 324:931-6.  


