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In addition to the newly defined roles in homologous recombination, cavin3 may play a role in replication fork reversal as several proteins in BRCA1-deficient cells such as Helicase like Transcription Factor (HLTF, ~2.3 log increase) are significantly upregulated in cavin3-deficient cells. Replication fork reversal is an important protective mechanism that allows forks to reverse their course when DNA lesions are encountered allowing for the resumption of DNA synthesis without chromosome breaks (Neelsen and Lopes, 2015, reviewed in Quinet et al., 2017). Several recent studies by Kolinjivadi et al., 2017; Taglialatela et al., 2017, Vulganovic et al., 2017 have demonstrated that the translocase activity of  ZRANB3 and SMARCAL1 is required for replication fork reversion which is a newly identified function for BRCA1 and BRCA2. ZRANB3 was shown to interact with polyubiquitinated PCNA to promote fork remodeling. Similarly, HLTF was also demonstrated to have DNA translocase activity and to similarly promote PCNA polyubiquitination further implicating HLTF in replication fork reversal (Blastyak et al., 2010). Given the fact that recent studies have suggested that BRCA1 is a crucial regulator of replication fork degradation and that the mechanism leading to fork degradation in these cells remains unclear, further studies are warranted into how different fork remodelers such as ZRANB3 and HLTF work together in this process. As such, cavin3 KO cells may provide an alternative cell system for studying fork degradation in a cell line that is also deficient in BRCA1.  

Cavin3 KO cells also upregulate proteins that promote the error-prone Pol/PARP1 mediated Alternate-End Joining (alt-EJ) DNA repair pathway; these included members of the Fanconi anemia (FA) pathway (FANCD2), Fanconi anemia protein component I (FANCI) as well as PARP1, TOPBP1, DROSHA, and RPA2 (Figure 1). FANCI was recently identified as a potential cavin3 interacting protein in previous studies from our laboratory (McMahon et al., 2019). These findings imply that cavin3 deficient cells may upregulate the error-prone Pol/PARP1 mediated alt-EJ DNA repair pathway to compensate for defective homologous recombination DNA repair (Ceccaldi et al., 2015; Mateos-Gomez et al., 2015). These findings support further evaluation of alternative repair pathways in cavin3 KO cells.

The minichromosome maintenance proteins, MCM2 to MCM7, form a heteromeric DNA helicase required for DNA replication licensing where it primes chromatin for DNA replication (reviewed by Tye et al., 1999; Giaginis et al., 2010). Although DNA helicase activity is required to establish a bidirectional replication fork from each replication origin, a large excess of MCM complexes is accumulated. The role of the additional MCM complexes is not well understood, as most is displaced from the DNA during S-phase, without playing an active role in DNA replication. Recent studies have demonstrated that MCM2-7 expression is downregulated in cells experiencing chronic replication stress and this depends on the tumor suppressor p53 (Bai et al., 2016). A decrease in both HR and NHEJ mediated repair pathways has been demonstrated in cells with a reduction of MCM complex proteins.  It was shown that the MCM complex modulates the cellular response to DNA DSBs. Indeed, cavin3 KO cells also exhibit downregulation of the MCM proteins, MCM2-7, which may further contribute to the decrease in HR found in these cells. Collectively, these results emphasize the importance of appropriately balancing different repair pathways to maintain global genomic stability and to contribute to cell survival and suggest that cavin3 KO cells may be useful for studying these pathways which are particularly relevant in breast and ovarian cancer cells. 
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