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The ageing process is characterised by an increasing
risk of death with advancing age. Ageing is thought to
be caused by molecular damage that accumulates over
the lifetime of an individual. Numerous agents can
lead to persistent damage, including reactive oxygen
species (ROS), which are produced as byproducts of
cellular metabolism. Persistent damage will interfere
with the functionality of different macromolecules and
disrupt the integrity of cells, tissues and the organism.
To deal with the many different types of macro-
molecular damage, several dedicated systems for
maintenance and repair have evolved. The biological
significance of these many DNA repair mechanisms
is highlighted by their evolutionarily conservation and
by the phenotypes of patients with inherited defects in
DNA repair genes. Strikingly, defects in DNA repair
mechanisms can be associated with very different
clinical phenotypes, including cancer and (premature)
ageing [1].

Xeroderma pigmentosum (XP) is an example of a
human cancer prone syndrome that is associated with
inborn defects in global genome nucleotide excision
repair (GG-NER) [2]. Due to the defects in GG-NER,
XP patients and corresponding mouse models show
an accumulation of mutagenic lesions [3]. Mutagenic
lesions may cause small point mutations if not properly
repaired and their persistence will put cells at a
higher risk of neoplastic transformation [4], which
may explain the over 1000-fold increased risk of
developing UV induced skin cancer observed in XP
patients. Cockayne syndrome (CS) and Trichothiodys-
trophy (TTD) are two examples of human accelerated
ageing syndromes that are associated with inborn
defects in transcription coupled repair (TCR). Due
to the defects in TCR, CS and TTD patients and
corresponding mouse models show an accumulation
of cytotoxic lesions in actively transcribed genes [3].
The persistence of cytotoxic lesions will lead to
the induction of apoptosis and/or senescence. An
excessive induction of apoptosis and/or senescence
may explain for the absence of cancer as well as
the presence of the segmented accelerated ageing
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phenotypes observed in CS and TTD patients and
corresponding mouse models [5,6].

Is it likely that these same mechanisms also play
a role in the pathologies and degenerative diseases
commonly observed in humans at advanced ages?
DNA damage does accumulate with age and will
include, besides mutagenic lesions, cytotoxic lesions
that will interfere with primary DNA metabolism,
making cells more prone to trigger apoptosis and/or
senescence [4]. Moreover, emerging data raise the
possibility that cells from elderly individuals may
respond differently to damage than cells from younger
subjects. In mouse cells derived from tissues from
young and old mice exposed to high doses of ionising
irradiation (IR), an age-related decline was observed
in the apoptotic response [7]. A similar reduction
in mean apoptotic response with age has also been
observed for human cells [8]. It has also been found
that the number of senescent cells accumulates with
age and that senescent cells are present at sites of
age-related pathologies [9—11]. The accumulation of
senescent cells in aged tissues may involve different
mechanisms, including enhanced induction through
the accumulation of damage, an alteration in damage
response mechanisms, as well as functional changes
induced by the senescence programme itself, such as
resistance to apoptosis [12,13].

Upon induction of cellular senescence, a cell under-
goes many morphological changes as well as several
functional changes, such as the accumulation of senes-
cence associated beta-galactosidase activity [14]. Al-
though most of the changes induced upon senescence
are beneficial, in the long run, some of these changes
can also have a negative impact on tissue function
and integrity, especially if senescent cells accumulate
to sufficiently high numbers. Senescent cells adopt
a secretory phenotype, with enhanced expression of
pro-inflammatory cytokines and receptors that enhance
immune surveillance by potentiating natural killer
(NK) cell function. Moreover, senescence can be
induced by hypermitogenic signalling, which blocks
cell cycle progression, but not cell growth [15] and
which may cause senescent cells to become growth
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factor resistant and secrete growth factors in a futile
attempt to overcome the cell cycle blockage [16].
The growth factors secreted by senescent cells may
stimulate premalignant cells to form tumours [17].
Thus, while clearly beneficial for tumour suppression
in the short run, induction of cellular senescence may
have negative late life consequences on the develop-
ment of age-related diseases, which are likely related
to the hypermitogenic and secretory phenotype of
senescent cells, and which may include, paradoxically,
the development of late life cancer.

Earlier, we observed a relationship between the
Pro/Pro carriership of a common codon 72 polymor-
phism in the human 7P53 gene and a proportionally
increased late life cancer mortality [18]. Recently,
compared to fibroblasts derived from 90-year-old
Arg/Arg subjects, fibroblasts derived from 90-year-old
Pro/Pro subjects were found to give rise to a higher
ionising irradiation (IR) dose dependent increase
in the percentages of cells positive for senescence
associated beta-galactosidase activity as well as higher
percentages of cells displaying signs of genomic
instability [19]. These results also raise the possibility
that in humans a relationship might exist between
a higher propensity of cellular senescence induction
and/or a higher accumulation of persistent senescent
cells and late life cancer risk.
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