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English Summary

OncOgene-induced senescence:   
frOm in vitro tOOl tO in vivo tumOur suppressiOn 
In a mature (human) body only several cell types divide, like epithelial stem cells 
(e.g. skin cells and cells aligning the intestinal tract), blood stem cells, male germ 
cells and (stem) cells in some tissues that need repair after damage. The division of 
each cell is very tightly regulated, because uncontrolled cell division might lead to 
cancer and eventually to death of the organism. Defects in the hereditary material 
(mutations in DNA) that either over-activate ‘grow-genes’ (oncogenes) or shutdown 
‘inhibitor-genes’ (tumour suppressor genes) can lead to uncontrolled cell division. 
These mutations can be induced by chemicals, radiation, viral infection, or can occur 
spontaneously. Several mechanisms of the human body and in the cell can prevent 
the outgrowth of cancer cells. The immune system can recognize cancer cells, which 
leads to their clearance. Furthermore, tumours require a lot of nutrition, and when 
they reach a certain size they need their own blood supply to survive. Moreover, 
build-in protection mechanisms of the cells can induce programmed cell death 
(apoptosis) or permanent cell cycle arrest (senescence). These processes can be 
activated by the signals from within the cell or from the cell environment. Therefore, 
to become a transformed cancer cell these lines of defence have to be evaded; 
this is a multistep process requiring mutations in several oncogenes and tumour 
suppressor genes.          
Senescence was first described for fibroblast cells that were extensively passaged 
in a petridish (in vitro). It is induced in response to culture stress and/or severe 
shortening of the protective ends of chromosomes (telomeres). Later, it was shown 
that this permanent cell cycle arrest can be induced prematurely also by other types 
of stress. For example, senescence is triggered when activated oncogenes, such as 
RASV12 or BRAFE600, are expressed in primary cells. This process is called oncogene-
induced senescence. Several markers, like increased senescence-associated 
acidic β-galactosidase activity (SA-β-GAL), formation of senescence-associated 
heterochromatic foci (SAHF), and upregulation of tumour suppressor genes are 
induced alongside and, therefore, can be used to establish whether cells are 
senescent. Although senescence was thought to be an in vitro artefact for a long 
time, it was used as a relevant model cell system by several groups nonetheless, 
because it allowed studying well known tumour suppressor pathways, like those 
regulated by p53 and RB, which are important for the induction of senescence but 
also prevent cancer.        
In this thesis, we have studied mainly BRAFE600-induced senescence. BRAF is an 
oncogene that is often mutated in pigment cell cancer (melanoma). In chapter 1, we 
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describe that mutations in BRAF are found not only in human tumours, but also in 
benign lesions. We summarize the current knowledge, serving as a model for the role 
of BRAF in senescence and tumour formation.      
In chapter 2, we have shown that cells that form human moles (nevi) are in a 
senescence-like cell cycle arrest. These nevi are benign tumours of pigment cells 
(melanocytes) that remain in a growth-arrested state for many years. They often 
harbour activated mutations in either RAS or BRAF, but show no overt signs of 
telomere shortening. Furthermore, these lesions display elevated levels of the 
(melanoma) tumour suppressor protein p16INK4A and SA-β-GAL activity and have 
a low level of proliferation. This is recapitulated in vitro: expression of BRAFE600 in 
melanocytes and fibroblasts induces oncogene-induced senescence. This is the first 
report of oncogene-induced senescence in human cells in vivo acting as a tumour-
suppressive mechanism.         
In chapter 3, we have investigated the role of a well-known melanoma tumour 
suppressor gene, PTEN, a prime inhibitor of the PI3K pathway, in senescence. 
This pathway is important for proliferation and survival of cells and is often found 
to be hyperactive in cancer cells. Its deregulation, by downregulation of PTEN 
or overexpression of PI3K, allows for prevention of BRAFE600-induced senescence 
in vitro. This suggests that deregulation of the PI3K pathway might be involved in 
cancer progression by evading oncogene-induced senescence. To further investigate 
this, we have linked a number of melanomas to nevi that are in close proximity 
(within one specimen) by genetic analysis, which led us to propose a human nevus-
to-melanoma progression model in vivo. Indeed, we find that in more than half of 
the cases, the PI3K pathway is activated in the melanoma, but not in the associated 
nevus. We therefore conclude that abrogation of oncogene-induced senescence by 
PI3K pathway activation contributes to human nevus-to-melanoma progression in 
vitro and in vivo.         
In chapter 4, we investigated another educated guess in the BRAFE600-induced 
senescence cell system. Previously, viral oncogenes have been implicated in 
senescence and cell transformation. SV40 LT can inactivate two very important 
tumour suppressor genes (i.e., p53 and RB) and has been shown to be able to bypass 
several types of senescence. Unexpectedly, we found that SV40 LT, or inhibition of 
the p53 and/or RB pathways cannot effectively bypass BRAFE600-induced senescence. 
In contrast, SV40 LT’s little brother, SV40 st, can bypass BRAFE600-induced senescence 
very well. Although it is not yet clear what the mechanism is behind this, it can be 
used as an effective tool to identify (new) factors contributing to BRAFE600-dependent 
tumours.         
In chapter 5, we have used the RASV12-induced senescence cell system to screen 
for potential new oncogenes. Out of a genomic library, we have identified LRF as a 
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candidate oncogene. The senescence cell system was further used to identify which 
pathways are involved in the LRF-mediated bypass of senescence. We find that LRF 
can enhance the activity of E2F, a transcription factor that induces several cell cycle 
genes. Activation of one of these genes, Cyclin E, is critical for the LRF-mediated 
bypass of oncogene-induced senescence.      
Lastly, chapter 6 summarizes the use of the senescence cell system as a tool to 
identify factors involved in aging and cancer. Senescent cells are found in aging 
organisms, although it is not yet clear whether these cells also play an actual role in 
the aging process. In vitro studies have already provided us with a lot of insight into 
which genes are involved in the induction and maintenance of (oncogene-induced) 
senescence. Oncogene-induced senescent cells are also found in several benign 
lesions in humans and model organisms. The model organisms can be used as a tool 
to recapitulate the in vitro findings in vivo.      
In sum, in this thesis we have established a role for oncogene-induced senescence in 
vivo and have used the oncogene-induced senescence cell system in vitro to identify 
and study cancer-related genes involved in oncogene-induced senescence, and to 
link them to cancer progression. Furthermore, we have tried to use the in vitro cell 
system to unravel what mechanisms are important for senescence induction and 
maintenance. Better understanding of the pathways involved in this process might 
eventually lead to development of new anti-cancer medication.


