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COMMENT

Autophagy, replication stress and DNA synthesis,
an intricate relationship
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The cancer-relevance of autophagy is still debated, since
this process is a very dynamic and context-dependent
mechanism that can acts paradoxically both as tumor sup-
pressor (by regulating DNA damage and oxidative stress),
and as a tumor adaptive response (favouring malignant
progression and chemoresistance) [1]. A typical cancer hall-
mark is genetic instability due to replication stresses (RS),
DNA damage accumulation or a defective DNA repair
machinery. Reflecting on the important role of autophagy in
maintaining cellular homeostasis and integrity, it is not
surprising that a link between autophagy and genome
maintenance is found [2, 3], although yet not fully under-
stood. A new study shines the spotlight on the kinetic role
of autophagy in oncogene-induced tumorigenesis and as a
key regulator of cancer cells recovering from RS/DNA
damage; this work also offers a novel viewpoint over the
molecular consequences that some common oncology drugs
can undesirably drive [4].

In a recent issue by Vanzo et al. at least two important
insights are reported [4]: (1) the authors bring novel proofs
in favor of an autophagic role in tumor progression rather
than suppression and (2), more unexpectedly, they uncover
a novel role for autophagy in regulating DNA synthesis by
stabilizing nucleotide pools and promoting genomic stabi-
lity (Fig. 1).

By means of human tissue specimens from different
stages of urinary bladder and prostate cancer, the group
directed by Jiri Bartek found an induction of autophagy in

early stages lesions when compared with normal tissues,
without any changes during disease progression. In addi-
tion, although autophagy is thought to contribute towards
tumor suppression by playing a role in ROS production,
mitochondria accumulation and by inducing senescence [5],
this work substantially challenges these concepts. Indeed, in
autophagy-deficient conditions, Vanzo and coworkers
detected increased mitochondrial mass and, in some models,
enhanced oxidative respiration and glycolysis, as well as no
oncogenic-dependent activation of cellular senescence.
Hence, are mitochondria even more functional in ATG5/7
deficient cells? Although not directly explored, this
hypothesis leads the authors to postulate that cells might
counteract autophagy loss by upregulating their energy
metabolism, in sharp contrast to what has been observed in
murine models [6]. As a byside product, these findings may
also ignite research on novel and still neglected aspects of
mitophagy regulation such as the existing balance between
mitochondria biogenesis and mitophagy upon general
autophagy modulation or autophagosome impairment.

Furthermore, by using human cellular models, the
authors got insight into the exact kinetics of autophagy
induction in the context of oncogenic (H-RAS) and drugs
(hydroxyurea, camptothecin)-dependent induction of RS
and DNA damage response (DDR). They found that, in all
models used, after the induction of RS, there is the activa-
tion of the cellular DDR signaling machinery, followed by
autophagy activation at a later stage (Fig. 1). This is in line
with the activation of both DNA damage checkpoints and
autophagy in early human lesions analyzed by immuno-
histochemistry; however, at variance with autophagy, mar-
kers of DNA damage decline in advanced cancer.
Collectively, these data support the intriguing possibility
that autophagy is a positive response to RS-triggered DDR
and is required for an effective and opportune recovery of
the cells from RS.

With regards to the second issue, a more mechanistic
view of the relationship between autophagy and RS in the
cancer-context is provided in this article. Indeed, this study
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supports a role for autophagy in sustaining DNA synthesis
in cancer cells by stabilizing dNTP pools. This may happen
by inducing metabolite turnover that switches-on the
molecular pathways leading to dNTP neosynthesis or
through a novel (maybe selective) process that we may see
as RNAphagy (Fig. 1). This notion is supported by a set of
interesting experiments performed by the addition of exo-
genous deoxy-nucleotides that rescue the speed of replica-
tion fork elongation, thus mitigating the degree of RS and
the RS-dependent DNA damage phenotype in autophagy-
deficient cells. Of note, previous work had shown that
nucleoside/nucleotide metabolism during starvation relies
on autophagy and that autophagy-dependent degradation
of mRNA could provide metabolites to fuel nucleotide
pools [7, 8].

In sum, this paper suggests that autophagy can support
tumor progression and that cancer cells could exploit
enhanced autophagy to survive and resist RS-inducing

treatments, commonly used in oncology. Such a notion
supports the importance of targeting autophagy to coun-
teract its role in sustaining DNA synthesis and recovery
from RS in cancer cells and encourages a more deep
understanding of autophagy regulation before manipulating
autophagy as an antitumor therapeutic strategy.
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Fig. 1 The relationship among autophagy, DNA synthesis, and
replication stress. Upon oncogene-induced tumorigenesis, autophagy
activation provides the cancer cells with a stable pool of deoxyr-
ibonucleotides triphosphate (dNTPs), which sustain a high-rate of
DNA synthesis, typical of cancer cells. This intense DNA replication
causes Replication Stress (RS), which in turn triggers the DNA
Damage Response (DDR). As a result of the DDR activation, autop-
hagy is further enhanced, in order to help the cells to cope with the RS.
In addition to oncogene-induced tumorigenesis, HydroxyUrea (HU)
treatment can also cause RS, and trigger the above mentioned acti-
vation cascades. An intriguing possibility is the hypothetical relevance
for autophagy in providing a ribonucleotides triphosphate (NTP) pool,
derived by the autophagy-mediated degradation of cellular RNA
(RNAphagy).
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