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o Cellular senescence in cancer therapy and aging 

Cellular senescence is a  stress response leading to stable growth arrest mediated by the CDK 

inhibitors p16 and p21 and characterized by various morphological and structural changes 

(Hernandez-Segura et al., 2018). The CDK inhibitor p21 is a direct target of p53, which is also 

an important inducer and marker of senescence. p53 is mostly activated by the persistent DNA 

damage responses (DDR), which is also the major inducer of cellular senescence and the 

senescence-associated secretory phenotypes (SASP) (Coppé et al., 2008; Rodier et al., 2009). 

NF-κB pathway is an important mediator of persistent DDR to activate the pro-inflammatory 

SASP (Chien et al., 2011). The SASP mediates double-edged non-cell autonomous effects of 

senescent cells that are positively regulating tissue regeneration and repair but also associated 

with pro-tumorigenic effects and pro-aging functions (Hernandez-Segura et al., 2018). 

A major determinant of the positive vs negative aspects of the SASP is the persistence of 

senescent cells in tissues: transient senescent cells are normally beneficial, but chronic 

senescence can perturb homeostasis and drive chronic inflammation. Senescent cell persistence 

in tissues is mainly regulated by the immune system, and conditions associated to weakened 

immunity are normally characterized by presence of chronic senescence. Among those 

conditions, anti-cancer interventions and natural aging are heavily studied.  

Senescence can be triggered by either intrinsic dysregulated hyperproliferative stress or 

extrinsic cellular damage, which makes senescence a barrier to malignancy but also a 

consequence of cancer therapy. Senescent cells can be induced by various cancer interventions 

which, in parallel, are also affecting immunity (Wargo et al., 2015) and reduce the capacity of 

the immune system to efficiently clear therapy-induced senescence. The DNA-damaging 

therapeutic agents also activate the pro-inflammatory SASP resulting in secondary cancer 

promotion and systemic side effects (Demaria et al., 2017).  

Senescent cells have been detected in aged human tissues two decades ago (Dimri and Medrano, 

1995) and clearance of naturally occurring senescent cells extends healthy lifespan of the aged 

animals (Baker et al., 2016). The low turnover of senescent cells during aging is perhaps due to 

excessive production and naturally declined immunity (Karin et al., 2019; Olivieri et al., 2018; 

Prata et al., 2019). Better biomarkers of senescent cells in aging is needed to target and remove 

the persistent senescent cells pharmaceutically.  
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o Aim of the thesis 

The main aim of the thesis is to understand the mechanisms and the biological roles of 

premature and natural cellular senescence in the context of disease and dysfunction.  

o Outline of the thesis 

1) Senescence in cancer therapy:  

In Chapter 2, we deepen the introduction of senescent cells in cancer therapy, and provide more 

details on the consequence of chemotherapy, radiotherapy, CDK4/6 inhibitors, epigenetic 

modulators and immunotherapy. The pro-tumorigenic effects of senescent cells are further 

discussed, including the tumor-promoting functions and the side effects mediated by senescent 

cells during cancer therapy. We also propose a combinatorial therapeutic strategy, senotherapy 

(a therapy selectively target senescent cells)--cancer therapy--senotherapy (SCS), to treat aged 

cancer patients. In Chapter 3, we further investigate the CDK4/6 inhibitor (CDK4/6i)-induced 

senescent normal cells and their secondary effects. CDK4/6i-induced p53-dependent senescent 

cells only activate a partial non-tumorigenic SASP in cells, mice and human plasma. CDK4/6i-

induced senescent cells do not affect the healthspan of the treated mice and short-term CDK4/6i 

treatment can partially rescue the declined phenotypes induced by DNA-damaging 

chemotherapy. 

2) Senescence in natural aging and immune clearance: 

In Chapter 4, the roles of senescent cells in natural aging are investigated and we confirm that 

p16+ senescent cells are accumulated during aging in mice and humans. Moreover, we show 

that clearance of p16+ senescent cells improves healthspan and tissue homeostasis of aged 

animals. In Chapter 5, we explore the extrinsic and intrinsic factors that contribute to the 

immune clearance of senescent normal cells. Interestingly, we identify novel factors that might 

influence the clearance, including the gender, the cell type and the presence of certain 

membrane proteins.  

Finally, in Chapter 6, we summarized all the results in this thesis and discussed some interesting 

questions derived from our results. 
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