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Editorial on the Research Topic
 Dynamical Networks of Life/Death Decisions in a Cell: From DNA Repair to Cell Death



Life/death decisions in the cell are controlled by the intricate balance between cell death and survival signaling pathways. DNA damage induces multifactorial cellular responses: from DNA repair to cell death. In the last years, there has been emerging evidence indicating regulatory crosstalk between these cellular networks. It turned out that core components of cell death networks control DNA repair as well as key regulators of the DNA repair machinery play a major role in the cell death (Boege et al., 2017; Alemasova and Lavrik, 2019; Muller et al., 2020). The crosstalk between these networks is rather complex due to several pathways of DNA repair as well as more than a dozen types of programmed cell death that can be initiated upon DNA damage: apoptosis, necroptosis, autophagy, ferroptosis and paranathosis (Galluzzi et al., 2018). Getting new insights into these intricate machineries and their crosstalk is addressed in this collection. This research is highly important for new directions of development in contemporary biomedicine and paves the way towards drugs development involving targeting cell death and DNA repair networks.

The major part of the collection features the molecular mechanisms of DNA repair, in particular, focusing on base excision repair (BER). A comprehensive overview of the BER pathway in the model organism, Caenorhabditis elegans (C. elegans) is given by Elsakrmy et al. highlighting BER among other pathways of DNA repair. Another review by Bayken et al. presents state of the art knowledge on the role of BER in the processing of complex DNA structures, which are triggered by oxidative stress and anticancer drugs. Uncovering the structural features of histone-DNA crosslinks and molecular mechanisms of their repair is the subject of the review: by Pachva et al. The latter knowledge plays a key role in the development of novel targeted approaches associated to the induction of DNA repair pathways and DNA damage-induced cell death.

Valuable insights into the molecular mechanisms of the BER machinery are provided by the research articles in this collection. In particular, a detailed analysis of substrate specificity of several key enzymes of the BER pathway is carried out using in vitro biochemical systems. The comparison of substrate specificity of human apurinic/apyrimidinic (AP) endonuclease APE1 toward DNA and RNA substrates has allowed finding out new features of APE1 specificity toward DNA and RNA of non-canonical structure (Davletgildeeva et al.). The influence of human tyrosyl-DNA phosphodiesterase 1 (TDP1) and APE1 on the molecular architecture of the AP1 site has been uncovered by Lebedeva et al. This analysis revealed the role of these two enzymes in the crosslinking of 8-oxoguanine-DNA glycosylase (OGG1) to the APE1 site as well as dissected the interplay of OGG1, PARP1, and PARP2 at the initial stages of the BER pathway. The activity of PARP1 and PARP2 in Arabidopsis thaliana was compared by Taipakova et al., which allowed unraveling a new type of DNA-modifying activity. Furthermore, a new type of substrate activity of tyrosyl-DNA phosphodiesterase 1 (TDP1) was found by Dyrkheeva et al. Moreover, a comparison of the activity on DNA substrates of endonuclease VIII-like 1 (NEIL1), human 8-oxoguanine-DNA glycosylase (OGG1), endonuclease III (NTH1), prokaryotic formamidopyrimidine-DNA glycosylase (Fpg), and endonuclease VIII (Nei) has been carried out by Kuznetsova et al. These studies identify new distinct and common features of these enzymes, which further underlines the high complexity of the BER machinery and the importance of its investigation in different organisms.

New insights into the other DNA repair pathway, nucleotide excision repair (NER), have been obtained by Petruseva et al. focusing on uncovering the patterns of XPD-p44 interactions with bulky DNA damages. The molecular mechanisms of non-homologous end joining (NHEJ) pathway in cancer cells upon ionizing radiation (IR) are analyzed by Tumia et al. In particular, it has been demonstrated that IR leads to downmodulation of NHEJ repair processes by inhibiting the synthesis of NHEJ repair proteins including Ku70, Ku80, and DNA-PKcs. These findings reveal the molecular basis of the NHEJ repair machinery in cellular responses to drug/radiation-induced DNA damage and development of anti-cancer drugs.

Studies of the autophagic pathway, mitochondrial respiration and cross-talk of autophagy with different forms of cell death also take a prominent place in this collection. The crosstalk of different forms of cell death focusing on the balance between mitophagy and apoptosis is analyzed by Wohlfromm et al. In this study, it was uncovered that the intricate balance between these two pathways might both inhibit and block apoptosis at the earlier and later time points, respectively. The role of HDAC6 in Transactive response DNA-binding protein 43 (TDP-43)-induced neurotoxicity and contribution of autophagy to this pathway and to the development of amyotrophic lateral sclerosis (ALS) is analyzed by Lee et al. The effects of mTOR inhibitors, rapamycin or torin1, on the germination of wheat seeds is analyzed by Smailov et al. Finally, the role of E3 Ubiquitin Ligase Hyd activity in the balance between mitosis and cell death during Drosophila oogenesis, is studied by Dorogova et al.

Taken together, this collection provides new insights into life/death decisions in the dynamical networks of DNA damage and cell death, identifies new targets in this network as well as paves the way toward novel therapeutic applications.
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