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The genome in every cell is constantly
attacked by a large variety of exogenous
and endogenous genotoxins. DNA dam-
age has long been known as causal factor
for cancer development and has more
recently also been recognized as driving
force of the aging process.1 Recent insights
have shed light on how organisms respond
to DNA damage accumulation by
employing bona fide longevity assurance
pathways.

A key longevity assurance pathway had
been revealed more that 20 years ago by
seminal work of the Kenyon, Johnson,
and Ruvkun labs. C. elegans that carry
mutations in the daf-2 gene encoding for
the homolog of the insulin-like growth
factor-1 receptor (IGF-1R) or the down-
stream PI3 kinase age-1 show a remarkable
long lifespan that entirely depends on the
activity of the FOXO transcription factor
DAF-16. The IGF-1 pathway also regu-
lates longevity in mammals, where it is
systemically controlled by growth hor-
mone (GH) signaling. The GH/IGF-1
signaling circuit is known as the somatic
growth axis and during development con-
trols the growth of the body. When mice
are born with defects in pituitary develop-
ment resulting in low GH levels or they
lack the GH receptor (GHR), they remain
small and –just like nematodes with muta-
tions in daf-2- live significantly longer
than their normal littermates. Aging
humans show a decline in their endocrine
growth parameters, including reduced
GH and IGF-1 levels. Mice that are born
with defects in various DNA repair genes
that lead to premature aging show a

reduction of the somatic growth axis.2

The attenuation of the somatic growth
axis in response to persistent DNA lesions
that interfere with transcription is medi-
ated by reduction of the key mediators,
the receptors for GH and IGF-1R.3 It
was, therefore, suggested that the attenua-
tion of the somatic growth axis is driven
by the accumulation of DNA damage
with aging.4

What is the consequence of the
reduced IGF-1 signaling when DNA dam-
age persists? Our recent results in the
genetic C. elegans system demonstrate that
the activation of the FOXO transcription
factor DAF-16 could indeed overcome the
detrimental consequences of persistent
DNA damage (Fig. 1).5 Nematodes that
carry defects in the transcription-coupled
nucleotide excision repair (NER) genes
csa-1 of csb-1 cease developmental growth
already at low levels of DNA lesions
inflicted by UV irradiation.5,6 In humans,
CSA or CSB mutations lead to the prema-
ture aging disorder Cockayne syndrome
(CS). CS patients cease developmental
growth during the first years of childhood.
Shortly thereafter, they suffer from mental
retardation, retinal degeneration, cachexia,
and die in their teenage.1 The complexity
of human CS is thus phenotypically mir-
rored in the simple metazoan C. elegans.
Transcriptome analysis revealed that the
daf-2 pathway indeed responds to DNA
damage during animal development lead-
ing to activation of DAF-16. DAF-16 was
known to respond when worms suffer
from starvation through arresting develop-
mental growth. As soon as food becomes

available the worms resume development
to maturity and produce offspring in the
nutritious environment. However, when
responding to DNA damage, DAF-16
activity promoted developmental growth,
instead of arrest.5 Even in completely
NER defective animals, strong activation
of DAF-16 could overcome the develop-
mental arrest. How could DAF-16 assume
such a distinct function in the DNA dam-
age response, as opposed to the growth
halting function during starvation?
Intriguingly, the DAF-16 target genes that
are induced upon DNA damage but
repressed upon starvation contained to a
large extend DAF-16 associated elements
that comprise target sites for GATA tran-
scription factors. A survey of GATA
mutant strains revealed that the GATA-
factor EGL-27 was required for inducing
DAF-16 target genes upon DNA damage.
Indeed, EGL-27 directly interacts with
DAF-16 and together they promote devel-
opmental growth upon DNA damage
(Fig. 1).

DAF-16 also responds to similar DNA
lesions in adult worms and ensures the
functional maintenance of tissues even
when the DNA damage cannot be
repaired. However, with advancing age,
the responsiveness of DAF-16 to DNA
damage declines. In the absence of DAF-
16 activation, the worms then succumb to
the damage. DAF-16 thus promotes toler-
ance to persistent DNA damage.

Development can proceed and tissues
remain functional for as long as DAF-16
responds to DNA damage. The DNA
damage tolerance mechanisms might be
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particularly useful in postmitotic tissues,
which cannot be replenished by stem cells.
In C. elegans, differentiated cells cannot be
replaced, as somatic tissues in the adult
worms are entirely postmitotic. Only
germ cells continuously proliferate and go
through mitotic and meiotic cell divisions.

Most developmental cell divisions occur
during embryogenesis before the somatic
cells terminally differentiate. It is thus
conceivable that the DAF-16 mediated
DNA damage tolerance might predomi-
nantly benefit postmitotic tissues. Indeed,
reduced IGF-1R signaling can benefit

neuronal tissues in mammals and protect
them from neurodegeneration. In contrast,
IGF-1 signaling is an important mitogenic
factor that is required to maintain prolifer-
ation for the replenishment of tissues.7
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Figure 1. In response to DNA damage the FOXO transcription factor DAF-16 translocates into the nucleus where it interacts with the GATA transcription
factor EGL-27 to induce developmental growth genes that allow the growth of somatic tissues even in the presence of persistent DNA damage. In adult
animals, DAF-16 enhances the maintenance of tissue functionality to withstand persistent DNA damage. However, as worms age DAF-16 responsiveness
to DNA damage declines rendering the somatic tissues increasingly defenseless against the accumulating DNA damage with aging.
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