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Editorial on the Research Topic
The Role of Different Subcellular Organelles in DNA Damage Response

Cellular responses to DNA damage are important determinants of both cancer development and
the outcome following radiation therapy and chemotherapy. The relationship between endonuclear
repair proteins and DNA damage repair pathways during cancer genesis and treatment has been
studied widely. However, the interaction between extra-nuclear subcellular organelles and DNA
damage response has rarely been investigated. In this section, a comprehensive understanding of
the role of different subcellular organelles in response to DNA damage and the possible mechanisms
are described. This research provides new insights into cancer treatment with extra-nuclear
subcellular organelles.

Mitochondria are considered to be one of the most important subcellular organelles that respond
to various stressors, including DNA damage. Previous reports have indicated that exogenous
threat-induced double strand breaks (DSBs) may be mediated by the production of mitochondrial
reactive oxygen species (Ziech et al., 2011). Moreover, DNA damage repair is an energy-dependent
process, and cellular energy depletion always leads to incomplete repair and cell death (Lans et al,,
2012). Mitochondria regulate DNA damage repair pathways not only through the production of
mitochondrial metabolites in the tricarboxylic acid cycle but also through mitochondria-nuclear
signaling related to apoptosis and mitophagy. Han et al. proposed a key role for cytochrome C,
a proapoptotic factor residing in mitochondria, in regulating DNA damage response (DDR) and
radiosensitivity upon ultra-high dose rate (FLASH) radiation. Kim et al. described a comprehensive
overview of mitophagy in the DNA damage response, which highlights a key mechanism for the
induction of DDR through mitophagy. Similar to nuclear DNA, mitochondrial DNA (mtDNA) is
also constantly assaulted by both exogenous and endogenous stresses. Rong et al. presented state-
of-the-art knowledge on the role of base excision repair (BER), direct reversal (DR), mismatch
repair (MMR), and double-strand break repair (DSBR) in the processing of the mtDNA repair
system, which provides insights into the development of novel treatment strategies. In plants,
chloroplasts are semiautonomous organelles with self-contained genetic materials (cp-DNA).
Owing to its proximity with the reactive oxygen species (ROS)-generating electron transport
system, the chloroplast genome is threatened by diverse forms of oxidative damages. Mahapatra
et al. reviewed the existence of highly efficient repair machinery for DNA damage in chloroplasts,
which has become an emerging field of research for better understanding of plant cell functions
under stressed conditions.

Lysosomes are not only known as organelles that degrade waste materials but also serve as
signaling hubs that regulate various metabolic pathways. Several results indicate that lysosomes are
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related to the DNA damage response, and lysosome-targeting
therapy can increase radiosensitivity (Zhang et al, 2021).
Lysosomes were reported to play a critical role in mediating
mTOR activation and, inhibiting mTOR impairs the recruitment
of DNA repair proteins, BRCA1 and RAD51, to DNA repair
foci, leading to the suppression of DNA damage repair (Zhang
et al., 2018). Moreover, TFEB, which has recently been identified
as a major regulator of lysosomal biogenesis, is also involved in
the removal of oxidative stress and yH2AX formation (Brady
et al,, 2018). Yang et al. reported that through limited activation
of lysosome-mediated autophagy, cancer stem cells achieve
increased survival. Lysosomes also regulate the radio-resistance
of tumor cells through hypoxia. Zhang et al. demonstrated that
hypoxia is the most important factor contributing to radio-
resistance. Hypoxia also affects the distribution of lysosomes and
decreases mTOR activity. Thus, we assume that hypoxia-induced
radio-resistance is lysosome-dependent. However, additional
studies are required to verify this hypothesis.

Several studies have reported that DNA damage triggers
Golgi fragmentation. This response requires the Golgi protein
GOLPHS3 to link the Golgi and DNA damage. Upon DNA
damage, DNA-PK phosphorylation of GOLPH3 increases its
binding to MYOI18A, which consequently reduces trafficking
and enhances the survival of cancer cells (Farber-Katz et al,,
2014). Xie et al. demonstrated the significance of another
Golgi protein, SPCA1, in the regulation of DNA repair. The
increased SPCA1 level lowered the intracellular Ca?* level,
probably by pumping Ca?t into the Golgi, leading to a
reduction in ROS level, eventually decreasing MAPK activity
and diminishing senescence after radiation. Crosstalk between
DDR and ribosomes and DDR and endoplasmic reticulum (ER)
has recently been reported. In general, autophagic recycling of
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ribosomes and the ER is one of the most representative events
known to occur in response to DNA damage. Specific regulation
of autophagy of ribosomes is mediated by the ubiquitin carboxyl
terminal hydrolase Ubp3/Bre5 complex (Yin et al., 2020). DNA-
damaging reagents induce the activity of the Ubp3/Bre5 complex,
supporting the significance of ribophagy in DDR. Additionally,
when ER stress is induced by DNA damage, IREla, PERK, and
ATF6 play a role in the response to ER stress by interacting
with DNA damage repair proteins, resulting in the formation
of autophagosomes (Dufey et al., 2020). Kim et al. summarized
the latest research that connects ribophagy and ER-phagy with
defects in the DNA repair system and highlighted the importance
of autophagy activated by DDR and appropriate regulation of
autophagic organelles, suggesting insights for future studies.

Overall, this editorial described emerging relationships
between the extra-nuclear subcellular  organelles
and DDR, which greatly contributes to further
understanding of the regulatory networks and the potential
applications ~ of  extra-nuclear  subcellular  organelles
in DDR.
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