
ABSTRACT 

Cellular senescence, originally defined as irreversible cell cycle arrest, was shown to 

act in organism as a double-edged sword. On the one hand, cellular senescence is considered 

an anti-cancer barrier and it beneficially contributes to processes such as wound healing and 

tissue regeneration. On the other hand, its longer persistence in the organism, usually when not 

eliminated by the immune system in elder age, cellular senescence contributes to age-related 

diseases and ageing itself. Moreover, senescent cells emerge as a result of radio- and chemo-

therapy and can lead to detrimental effects when not eliminated. There is also accumulated 

evidence that senescent cells can overcome the proliferation barrier and become malignant 

(often after a cancer therapy) rendering senescence original definition invalid. In effort to 

improve the quality of health and life and to minimize the cancer risk after therapies, senescent 

cells have become one of the most interesting subjects for a targeted therapy. There is a 

promising potential in developing effective tools, namely drugs specifically killing senescent 

cells or reducing their detrimental effect (senolytics) that focus on senescent cells elimination 

in order to rejuvenate the organism, to extend a life span, and to prevent ageing-associated 

diseases and pathology. However, the main challenge in this field is a lack of markers specific 

to cellular senescence that are a prerequisite for such therapeutic approaches.  

This dissertation aims to identify a surface marker of senescent cells in order to target 

them. For this purpose, the surface proteome of replicatively senescent BJ fibroblasts was 

compared to proliferating cells using mass spectrometry. From about 150 proteins with 

changed expression in senescent cells, L1CAM protein was chosen for further validation and 

characterization. The decision for L1CAM was supported by several reasons, as its expression 

in healthy tissues and its association with tumours. First, under physiological conditions, 

L1CAM expression is restricted to neural cells, distal tubules of kidneys and peripheral ganglia 

in colon. Second, the elevated expression is detected in many tumours (e.g. glioblastoma, 

ovarian and endometrial carcinomas, pancreatic adenocarcinoma, and melanomas). In some 

tumours (e.g. cervical carcinoma), this protein is used as one of the tumour markers. Moreover, 

the presence of L1CAM is often associated with poor prognosis.  

Our results showed that the overexpression of L1CAM during cellular senescence is 

cell type- and senescence stimuli-dependent. In attempt to understand the mechanism of 



L1CAM increased expression, we found a negative feedback loop between Erk/MAPK and 

L1CAM signalling pathways. We also demonstrated that L1CAM expression is a downstream 

event linked to the induction of inhibitors of cyclin-dependent kinases p16INK4a and p21CIP/WAF1. 

Furthermore, we showed that both proliferating and senescent cells with the increased L1CAM 

surface expression migrate faster and display higher adhesion compared to their counterparts 

with low surface expression. Furthermore, we also found a connection between L1CAM 

expression and changed metabolism during senescence, including a reciprocal link between 

L1CAM and SCL25A5/ANT2 (ATP/ADP translocator) transcript levels. We also showed that 

L1CAM and ANT2 regulation is connected to Erk/MAPK and TGFβ/SMAD signalling 

pathways. 

L1CAM, as a novel marker of cellular senescence, can be potentially used for targeting 

senescent cells and their selective elimination by nanoparticle-based approaches. The 

photothermal therapy with gold nanoparticles (nanorods) is one of potential applications we 

explored to be used for senescent cells elimination. We estimated biological properties of 

cationic gold nanoparticles including their uptake by senescent cells and toxicity both in vitro 

and in vivo in a mouse model. 

In addition, we explored also other characteristics of the senescent phenotype. 

Senescent cells typically produce various cytokines, chemokines, proteases and growth factors 

(collectively referred to as ‘senescence-associate secretory phenotype’, SASP), affecting their 

immediate microenvironment as well as distant sites in a paracrine manner. This paracrine 

SASP-mediated proinflammatory signalling may explain how relatively low numbers of 

senescent cells can promote a systemic failure, since production of SASP contributes to chronic 

inflammation, loss of tissue function and its regeneration. In our study, we identified IL6 and 

GROa as factors responsible for detrimental paracrine effects on neighbouring cells in 

dependence of a cell type and senescence stimuli. 

To conclude, we identified a novel marker of cellular senescence and suggested its 

targeting using gold nanoparticles. Moreover, we showed that cytokines IL6 and GROα are 

responsible for detrimental paracrine effects of senescent cells and can also be used for 

targeting within the frame of senotherapy. 
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