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Introduction 

Cellular senescence is a state of stable cell cycle arrest arising in response to persistent 

cellular damages including DNA and mitochondrial lesions. Senescent cells undergo 

morphological, structural and functional changes that are influenced by multiple 

variables, including time, stress, tissue, and cell type. The heterogeneity of the senescent 

phenotype is exemplified by the many biological properties that senescent cells can 

cover. The advent of innovative model organisms has demonstrated a functional role of 

senescent cells during embryogenesis and tissue remodeling. 

Nevertheless, the prolonged and aberrant persistence of senescent cells is often 

associated with tissue dysfunction and pathology, including both in cancer and aging. 

Organismal aging is a multifactorial process characterized by the onset of degenerative 

conditions. One of the key drivers of aging is proposed to be cellular senescence, as 

senescent cells accumulate late in life and at sites of age-related pathologies, where they 

contribute to disease onset and progression through complex autocrine and paracrine 

effects.  

The role of cellular senescence in oncogenic contexts is similarly complex, functioning 

as both a tumor suppressor and tumor promoter. For instance, in a cell autonomous 

manner cellular senescence may act as a tumor suppressor by blocking cellular 

proliferation in response to oncogene activation or excessive telomere shortening. 

However, in a non-cell autonomous manner, it may fuel the proliferation of bystander 

cells and facilitate metastasis, thereby acting as a tumor promoter. This dual role is 

mainly attributed to the differential expression and secretion of a set of pro-

inflammatory cytokines in addition to growth and tissue remodeling factors, collectively 

known as the Senescence-Associated Secretory Phenotype (SASP). Importantly, these 

secretory components may exert beneficial functions in the short term but promote 

deleterious effects on the surrounding microenvironment when unresolved. In this way, 

for example, the accumulation of secreted growth factors that initially stimulate the 

division of bystander cells in order to regenerate damaged tissue, may likewise fuel the 

proliferation of surrounding cancer cells. Similarly, persistent pro-inflammatory 
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signaling meant to promote immune cell infiltration may eventually result in disruptive 

chronic inflammation and impaired tissue homeostasis. The adequate resolution of 

cellular senescence is therefore of upmost importance.   

 

Scope of the thesis  

Aim of the thesis 

The aim of this thesis was to identify exploitable molecular targets correlated with 

cellular senescence and whose pharmacological targeting may attenuate the deleterious 

effects associated with the accumulation of senescent cells.   

Outline of the thesis 

First, in chapter 1, we give a brief introduction on the concept of cellular senescence 

and the scope of this thesis.  

In chapter 2 we summarize the mechanisms by which the aberrant persistence of 

senescent cells contributes to tumorigenesis, tissue dysfunction and pathology. We 

designate cellular senescence as one of the key drivers of aging, and offer an extensive 

description of potential pharmacological interventions for senescent cells, highlighting 

limitations and suggesting theoretical alternatives. 

In chapter 3 we describe cell-autonomous and non-cell-autonomous mechanisms that 

senescent cells activate in response to chemotherapy and radiation leading to tumor 

suppression and tumor promotion. We present the current state of knowledge on the 

stimuli that affect the activation of these opposing mechanisms and the effect of 

senescent cells on their micro-environment e.g. by regulating the functions of immune 

cells in tumor clearance as well as strategies to eliminate senescent tumor cells before 

they exert their deleterious side-effects.  

In chapter 4 we dive deeper into the mechanisms that enhance survival and resistance 

to cell death of senescent cells. We describe the main molecular players involved in 
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promoting survival of senescent cells, with a particular emphasis on the regulation of 

senescence-associated anti-apoptotic pathways. We discuss the consequences these 

pathways have in providing resistance to intrinsic and extrinsic pro-apoptotic signals, 

and we highlight the importance of these pathways in the development of targets for 

senolytic interventions.  

In chapter 5 we compared the sensitivity of senescent or proliferating breast cancer cells 

to TNF-alpha related apoptosis inducing ligand (TRAIL) and the expression of pro-

apoptotic and anti-apoptotic TRAIL receptors. A DR5 selective TRAIL variant (DHER) 

unable to bind to DcR1 or OPG, was found to be more effective in inducing apoptosis of 

senescent breast cancer cells compared to wild-type TRAIL both in 2D culture and in 3D 

tumor models, suggesting agonistic stimulation of DR5 may be a therapeutic strategy 

for the elimination of therapy-induced senescent cancer cells.  

In chapter 6 we studied the role of Macrophage Migration Inhibitory Factor (MIF) in an 

in vitro model of cellular senescence in type 2 alveolar epithelial cells (A549). Our data 

suggest that MIF is associated with aspects of senescence such as components of the 

senescence-associated secretory phenotype, but appears to be independent from the 

senescence-associated growth arrest. We also observed higher levels of MIF expression 

in the COPD lung, together with other markers of senescence, suggesting they could 

partly be caused by cellular senescence of type 2 alveolar epithelial cells.  

In chapter 7 we aimed to disrupt oncogenic EGFR/ADAM17 signaling using a bispecific 

fusion protein consisting of the inhibitory prodomain of ADAM17 fused to an anti-EGFR 

designed ankyrin repeat protein (DARPin). After production and purification of the 

recombinant fusion protein E01-GS-TPD, its inhibitory effects were studied on different 

cell lines with distinct EGFR molecular phenotypes.  

In chapter 8, we summarize the results of this thesis, identify the implications of these 

findings, and propose suggestions for any future perspectives.  
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