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ABSTRACT

In a recent report, we have revealed a new interaction between the BRCA2 DNA repair associated protein
(BRCA2) and the DEAD-box helicase 5 (DDX5) at DNA breaks that promotes unwinding DNA-RNA hybrids
within transcribed chromatin and favors repair. Interestingly, BRCA2-DDXS5 interaction is impaired in cells
missense variant found in breast cancer patients.

expressing the BRCA2"2%74

Cancer is a genetic disease linked to the appearance of altera-
tions in the genetic information. As a consequence, the main-
tenance of genetic stability is crucial to prevent the process of
tumorigenesis and its development. The stability of the DNA is
threatened by multiple sources of damage ranging from exo-
genous to endogenous agents that can cause different sort of
lesions such as DNA breaks. In particular, the breakage of both
DNA strands (DNA double-strand break, DSB) is a very cyto-
toxic lesion. To ensure its accurate repair, two major DSB
repair pathways have evolved: Non-Homologous End Joining,
which re-ligates the broken DNA ends after more or less
processing, and Homologous Recombination (HR), which
uses a homologous template to restore the genetic information
at the break. Not surprisingly, the inheritance of mutations in
genes that encode factors involved in HR are strongly linked to
cancer susceptibility. This is the case of the breast cancer
susceptibility genes 1 and 2 (BRCAI and BRCA2) which are
involved in important steps of HR.! Hence, individuals who
inherit one of the multiple pathogenic mutations described for
these genes show an enhanced predisposition to develop breast
and ovarian cancers.

BRCA2 codes for a large protein of 3418 amino acids and
385-kDa molecular weight. In addition to its main role in
loading the DNA repair protein RAD51 homolog 1 (RAD51)
on single-stranded DNA, an essential step for DSB repair by
HR, and its reported critical function in preventing aberrant
degradation of stalled replication forks, BRCA2 DNA repair
associated protein (BRCA2) has emerging functions through
a growing list of interactors." We have uncovered a new inter-
action between BRCA2 and the DEAD-box helicase 5 (DDX5)
(also known as p68),” a known regulator of transcription.
These findings reveal a new layer of complexity in the role of
BRCA2 (and of DDX5) in HR within transcribed chromatin. It
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is known that DSBs within transcriptionally active genes are
channeled to HR, mainly due to the chromatin context in
which the DSB occurred.” In addition, there is an emergent
interest in the impact of both the nascent RNA as well as
potential new RNA species induced at the break that promote
DNA damage signaling. Interestingly, a growing body of evi-
dence indicates that DNA breakage can promote hybridization
of the nascent RNA with its DNA template.* Supporting
a model in which the thus formed DNA-RNA hybrids need
to be removed to allow efficient DSB repair by HR, we have
observed that BRCA2 retains the DDX5 helicase at DSBs,
boosting its ability to unwind DNA-RNA hybrids (Figure
1).256

In addition to clearly pathogenic mutations, such as those
resulting in truncation or inactivation of the BRCA proteins,
genetic screenings performed in cancer patients with a family
history of breast and ovarian cancers have led to the identifica-
tion of different mutations of unknown clinical relevance,
which encode variants of uncertain significance. We have
recently found that one of such variants, BRCA2"*%7*
(c.619A>G), impairs the interaction between BRCA2 and
DDX5 (Figure 1).” Notably, cells expressing this mutation
show increased levels of DNA-RNA hybrids and a delay in
RAD51 loading, supporting that DNA-RNA hybrid removal
promotes subsequent steps in the HR reaction.’

Therefore, BRCA2 appears to take advantage of the preex-
istence of DDX5 in transcribed chromatin to overcome the
obstacle that incidental DNA-RNA hybrids may constitute for
HR. Other DNA-RNA hybrid removal pathways may be also
affected by BRCA2 or by other DSB repair factors to promote
hybrid clearance at DSBs. Interestingly, BRCA2 has also been
shown to interact with ribonuclease H2 at DSBs to regulate
DNA-RNA hybrid degradation.” Thus, we envision that
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Figure 1. Fate of DNA breaking during transcription in BRCA2"™- versus
BRCA2™%”A-bearing cells. In wild-type cells, RNA binding proteins (RBPs) prevent
harmful DNA-RNA hybrid accumulation. In particular, when the DNA is broken, the
interaction of the BRCA2 DNA repair associated protein (BRCA2) with the DEAD-
box helicase 5 (DDX5) boosts its ability to unwind the occasional formation of
DNA-RNA hybrids at the break site thus enabling further repair. In BRCA2™*7A-
bearing cells, BRCA2 interaction with DDX5 is impaired. Hence, DNA-RNA hybrids
accumulate at the break.

a cohort of factors could act redundantly at DSBs to promote
the removal of incidental DNA-RNA hybrids to ensure proper
repair by HR and that some of them, as it is the case for DDX5,
might be stimulated by DNA damage repair factors such as
BRCA2.

General DNA-RNA hybrid accumulation at non-DSB sites
was also observed in cells bearing the BRCA2"*”* mutation
and was previously reported in cells depleted of BRCA2 or
DDX5.>>® Thus, in addition to contributing to the removal
of DNA-RNA hybrids at DSBs, BRCA2 and DDX5 seem
important in the prevention or removal of harmful DNA-
RNA hybrids formed spontaneously throughout the genome.
Interestingly, whereas BRCA2 tumor-associated mutations are
mostly associated with loss of function, DDX5 amplification
can be detected in multiple cancer types. Indeed, DDX5 ampli-
fication is required for cell proliferation in breast cancer cells,
and this was proposed to be due to the role of DDX5 in the
expression of DNA replication genes.” It is also possible that
DDX5 amplification contributes to survival in BRCA2-
deficient breast cancer by counteracting the DNA-RNA hybrid
accumulation caused by BRCA2 loss. In agreement with this
hypothesis, DDX5 overexpression can rescue the DNA-RNA
hybrid accumulation in BRCA2-deficient human cells.®

In summary, our recent study” adds a new phenotype to the
BRCA2"*%7% variant of uncertain clinical significance found in
oncogenic patients that consists in a defect in the removal of
incidental DNA-RNA hybrids at DSBs occurring within tran-
scribed chromatin and a less efficient repair of such breaks.

This mutation also imposes a defect in the alignment of chro-
mosomes resulting in faulty chromosome segregation and
aneuploidy.'® These phenotypes could account for the putative
contribution of the BRCA2"*”* mutation to oncogenesis and
exemplify how studying these variants can help us understand
the physiological relevance of this large and multitasking
protein.
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