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Abstract

In this issue, Pathania et al (2011) report the involvement of BRCAL in UV damage response at
stalled replication forks which extends the function of BRCA1 beyond its established role in the
repair of DNA double-strand breaks, raising the complexity of how this tumor suppressor
maintains genomic stability.

BRCAL (Breast Cancer gene 1) is one of the major tumor suppressors underlining familial
breast cancer. To date the most prevailing understanding is that BRCAL1 is recruited to and
acts on DNA double strand breaks (DSBs) during late S and G2 phases. BRCAL is critical
for the initiation of end resection and for the assembly of recombinogenic DNA structure,
two essential steps in the repair of DSBs via homologous recombination (Ciccia and Elledge
2010; Polo and Jackson, 2011). Whilst the focus of BRCAL investigation has been on DSB
processing, its potential role in dealing with other types of DNA damage is relatively under-
explored. In this issue of Molecular Cell, Pathania et al (Pathania et al., 2011) present an
intriguing discovery that BRCAL is important in dealing with UV-induced DNA lesions,
revealing a novel role of BRCA1 distinct from its widely-held axiom in DSB repair.

DNA bulky adducts are a major class of DNA helix-distorting lesions that occur very
frequently. They are formed either by covalent attachment of alkylating molecules to
nitrogenous bases or by ultraviolet (UV) light-induced covalent bonds between adjacent
pyrimidines. Bulky adducts are efficiently removed by the nucleotide excision repair (NER)
pathway (de Laat et al., 1999). Defects in NER lead to the profoundly cancer-prone genetic
syndrome xeroderma pigmentosum. Bulky adduct lesions differ fundamentally from DSBs
in that the former are repaired primarily in an error-free manner. Excision of the lesion-
containing ssSDNA patch allows the damaged site to be restored faithfully using the
undamaged complementary strand, which retains the original sequence. However, when a
replication fork encounters a bulky adduct lesion, the stalled fork structure presents an
onerous scenario. Findings by Pathania et al (Pathania et al., 2011) shed the first light on
how BRCAL1 deficiency influences repair of UV-induced photo lesions in the context of a
stalled replication fork.

Although BRCA1 mutant cells are well-characterized for their ionizing radiation and
interstrand crosslink sensitivity, Pathania et al uncovered clues hinting at a role for BRCA1
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in UV damage response. Cell lines derived from BRCAL patients were more susceptible to
UV killing. BRCAL was recruited to UV-microirradiated subnuclear spots. BRCA1-
depletion reduced the elimination of UV lesions. Interestingly, these impacts were found to
be specific to S phase cells, manifesting during active DNA synthesis and indicative of
lesion-stalled replication forks. One would expect that BRCAL1 is attracted to and acts on
DSBs resulting from UV damage because high doses of shortwave UV readily generate
DSBs; alternatively, excessive blockage of replication forks presumably would lead to their
collapse. However, the authors used a moderate UV dose range within which DSBs were
undetectable both by the comet assay and by 53BP1 staining. More compellingly, in UV-
irradiated S phase cells, the number of DSBs increased markedly upon BRCA1-depletion at
late time points. This observation implicates BRCAL in UV-damage response prior to any
fork collapsing and before the possible onset of DSBs.

Cellular sensitivity to UV damage is caused by deficiencies in one or more of the three
mechanisms, namely cell cycle checkpoint control, repair of UV-induced photo dimers, or
lesion bypass synthesis. Remarkably, in deciphering how BRCAL deficiency renders UV
sensitivity, Pathania et al. showed that all three mechanisms are affected by BRCA1 deficit
directly or otherwise (Figure 1).

Pathania et al noted that generation of RPA-coated sSDNA region upon UV damage was
much reduced in the absence of BRCAL. In UV-damaged S phase cells, an excessive stretch
of ssDNA is created at a stalled replication fork when the Mcm2-7 helicase is uncoupled and
strays from the lesion-halted replicative polymerase (Byun et al., 2005; Cortez, 2005).
Because RPA-coated sSDNA at stalled forks serves as a recruitment anchor for checkpoint
sensing factors and for the signal initiation kinase Atr/Atrip (Zou and Elledge, 2003), failure
to form RPA-coated ssSDNA impairs the proper activation of the intra S phase checkpoint.
Indeed, this prediction was validated by a full set of experiments, from weakened 9-1-1 and
Atrip recruitments to a detectable defect in the intra-S-phase checkpoint in BRCA1-deprived
cells upon UV exposure. These corroborating observations prompted the question of how
BRCAL is attracted to a stalled replication fork if no DSBs are present. Equally important is
how BRCAL1 regulates the generation of sSDNA at stalled forks.

In addressing this question, Pathania et al probed replication factors immediately present
upon lesion encountering. They showed that damage-mediated BRCA1 recruitment was
unaffected by Mcm2-7 depletion and that BRCAL and the RFC complex exhibited mutual
dependence on their damage-mediated enrichment at stalled replication sites. These results
provide a general placement of BRCA1 at the immediate early stage of fork stress. An intact
BRCT motif was found to be necessary for BRCA1 loading to UV-stalled replication forks.
Whether a BRCT binding target(s) directs BRCAL to the stalled replication fork remains a
mechanistically worthy question.

In testing BRCAL's involvement in UV-induced chromatin enrichment of repair proteins,
Pathania et al clearly established that BRCA1 recruitment did not rely on the NER lesion-
sensing factors and vice versa. However, they found that recruitment of Erccl, a subunit of
the Ercc1/Xpf excinuclease, was significantly reduced by BRCAZ1-depletion. This finding is
both intriguing and provocative. In a stalled replication fork, the blocking lesion is situated
either in ssSDNA or at a single-double strand junction (cf Fig. 7F). The NER damage
recognition factor XPC-HHR23B recognizes a lesion only in the context of dsDNA by
binding to the undamaged strand within the helix distortion, rather than binding to the
lesion-containing strand (Min and Pavletich, 2007). As such, XPC is unlikely to be able to
recognize a fork-blocking lesion to initiate the canonical NER process. The BRCAL-
dependent loading of Erccl/Xpf, with yet-to-be determined significance, may provide a
plausible measure to eliminate the lesion in avoidance of an otherwise inevitable translesion
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synthesis (TLS). This is to the cells’ benefit because TLS is known for its low fidelity.
However, it remains unclear as to whether and how Erccl/Xpf could apply its endonuclease
activity without generating a DSB at the stalled fork, given that Ercc1/Xpf has defined
substrate and polarity. It is possible that the flap-clipping single-strand nuclease is needed at
a later stage to resolve intermediate structures generated during recombination-mediated
fork re-establishment. Moreover, how BRCAL1 facilitates Ercc1/Xpf recruitment poses
another interesting question.

An S-phase-specific function for BRCA1 in UV lesion repair is congruent with elevated
TLS activity, as Pathania et al observed significant increases in PCNA monoubiquitination
and in Pol eta recruitment to UV-damaged sites in the absence of BRCAL. This is also
functionally reflected by an increase in UV-induced mutagenesis in BRCAL-deficient cells.
On the one hand, this may implicate a regulatory role for BRCAL in suppressing TLS. The
up-regulation of TLS may compensate for the UV repair defect of BRCA1-mutant cells,
partially masking their UV sensitivity. On the other hand, elevated TLS could be a passive
response to a surge in unrepaired fork-blocking lesions caused by BRCAL deficiency.

The BRCA1-mutants measured by Pathania et al displayed a moderate UV sensitivity of 3-
fold over normal breast epithelial controls. Putting this finding in perspective, one should
realize that BRCA1 function affords an evident yet relatively minor protection against acute
UV-exposure, because classical NER-deficient or Pol eta-deficient XPV cells are an order of
magnitude more sensitive than the tested BRCA1 mutants. However, BRCA1's multiple
roles in bulky adduct processing may have an indispensible influence on the long-term
maintenance of genomic stability, particularly in dealing with intrinsic sources of damage.
As Pathania et al postulated, certain estradiol metabolites can form DNA bulky adducts and
might be a contributing element to genomic instability that leads to breast cancer. Lending
additional support to this notion are clinical studies showing that BRCAZ1-deficient breast
and ovarian cancer patients have a higher rate than BRCA1-wt patients in their response to
cisplatin (Boyd et al., 2000; Silver et al., 2010), which damages DNA predominantly in the
form of intrastrand diadduct. Findings from Pathania et al may provide mechanistic
underlying for these clinical observations.

The involvement of BRCAL in post-replication UV damage response adds to the complexity
of how its tumor suppressor function is defined. To extend the observation to bulky adducts
at large, alkylating agents that forms various monoadduct can be tested on isogenic cell
strains to see if BRCAL has lesion-specific functions and to gauge BRCAL's role in non-UvV
bulky adduct response. At present, the model proposed by Pathania et al suggests that the
UV sensitivity of BRCAZ1-deficient cells maybe a compounded phenotype from perturbed
intra-S-phase and G2/M checkpoints, lesion processing, and TLS. It will be interesting to
determine which of these defects is the prevailing contributor to the UV sensitivity.

When tending to DSBs, BRCAL1 is brought in via an elaborate signaling and recruitment
cascade to load downstream components and to assemble specialized complexes. For its
newly discovered roles in UV damage response, it is imperative to shed light on how
BRCAL is recruited to a fork-stalling lesion and to identify its downstream targets/effectors.
Connections at the molecular level, particularly with regard to defined or novel biochemical
properties of BRCAL, will help plowing deeper into this new territory of BRCAL function
beyond the boundary of DNA double-strand breaks.
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Figure 1.

BRCAL1 affects three distinct aspects of UV-damage response when an elongating
replication fork encounters a UV-induced photo lesion.
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