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Abstract

Synthetic lethality is an approach to study selective cell killing based on genotype. Previous work
in our laboratory has shown that loss of RAD52 is synthetically lethal with BRCA2 deficiency,
while exhibiting no impact on cell growth and viability in BRCA2-proficient cells. We now show
that this same synthetically lethal relationship is evident in cells with deficiencies in BRCAL or
PALB2, which implicates BRCA1, PALB2 and BRCAZ in an epistatic relationship with one
another. When RAD52 was depleted in BRCA1- or PALB2-deficient cells, a severe reduction in
plating efficiency was observed, with many abortive attempts at cell division apparent in the
double-depleted background. In contrast, when RAD52 was depleted in a BRCAL- or PALB2-
wildtype background, a negligible decrease in colony survival was observed. The frequency of
ionizing radiation-induced RAD51 foci formation and double-strand break-induced homologous
recombination (HR) was decreased by 3- and 10-fold, respectively, when RAD52 was knocked
down in BRCAL- or PALB2-depleted cells, with minimal effect in BRCAL- or PALB2-proficient
cells. RAD52 function was independent of BRCAL status, as evidenced by the lack of any defect
in RAD52 foci formation in BRCA1-depleted cells. Collectively, these findings suggest that
RADS5?2 is an alternative repair pathway of RAD51-mediated HR, and a target for therapy in cells
deficient in the BRCA1- PALB2-BRCAZ2 repair pathway.
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INTRODUCTION

Synthetic lethality as an approach to cancer therapy is an exciting new area of research that
promises cancer-specific targeted therapy.12 Synthetic lethality arises when the
simultaneous inactivation of two (or more) genes leads to cell death, whereas inactivation of
only one of these genes does not affect viability. With this guiding principle, cells with a
cancer-related mutation or loss of a single gene can be evaluated for a second gene target
that would render the cancer cells non-viable, thereby achieving tumor-specific kill while
sparing normal cells. In tumor cells, a single gene alteration can exist as a genetic null or
genetic mutant, and each form of genetic alteration may not exhibit the same synthetically
lethal relationship with the second target gene; therefore both forms of genetic alteration in
tumors should be explored for greatest therapeutic potential.! Depletion of candidate gene
products by small interfering RNA (siRNA) has proved to be a powerful tool for
investigating gene inactivation, but there is always the question of how well the depletion
results in inactivation. A positive result (lethality from two gene alterations but not one) is
clear, but a negative result does not exclude a synthetically lethal relationship.

A single gene alteration on its own may confer a distinct level of lethality or sickness, but in
combination with a second gene depletion it may lead to a significantly greater lethal effect
(that is, synthetically lethal), affording therapeutic utility. This strategy has been exploited in
targeting BRCA deficiencies with promising clinical results.3 BRCA1- and BRCA2-
deficient tumor cells are impaired in homologous recombination (HR) and have adapted
themselves to survive without these key proteins. They are, therefore, an excellent example
of a vulnerability to synthetically lethal approaches that target DNA repair pathways, such as
poly (ADP-ribose) polymerase inhibitors that block single-strand break repair.#->

Recent discoveries of alternative mediators of RAD51 function offer new potential
synthetically lethal targets in BRCA-deficient tumors. RAD51 is a HR protein that forms a
helical nucleoprotein filament involved in homology search and strand pairing during DNA
double-strand break (DSB) repair,b and its loss in proliferating cells results in cell lethality.”
In budding yeast, RAD52 mediates the RAD51 filament formation necessary for successful
HR.8 However, in mammalian cells, BRCA2 is the predominant mediator of RAD51
filament formation.10 Therefore, mammalian cells with deficiencies in BRCA2 will only
be viable if an alternate pathway for RAD51 recruitment to damage sites exists.

Recently, we showed that human RAD52 was the mediator of this alternate RAD51
pathway.!l RAD52 interacts with RAD51 to stimulate strand invasion and promotes
homologous pairing.12 In BRCA2-defective cells, RAD52 provides essential HR function,
which is observed by cell viability, gene conversion assays and RAD51 nuclear foci
formation.1! Furthermore, RAD52 depletion in BRCA2-deficient cells resulted in a severe
proliferation defect and extensive chromosomal fragility, thus demonstrating a synthetically
lethal relationship between BRCA2 and RAD52.11

Besides operating as a mediator of RAD51 in BRCA2-deficient cells, RAD52 mediates the
function of single-strand annealing (SSA), which repairs DSBs between two repetitive DNA
sequences.1® RAD52 binds to single-stranded DNA and somehow aligns the repeat
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sequences, thereby allowing the complementary sequences to anneal. Interestingly, RAD52-
mediated SSA activity is increased with loss of BRCAZ2, indicating an upregulation of
RAD52-SSA with deficiencies in BRCA2-RAD51-directed HR repair, presumably through
shunting of DSBs that are unable to undergo RAD51-HR towards the SSA repair.13.14
However, with loss of BRCAL, the opposite effect is observed. SSA is decreased in cells
with BRCAL deficiencies, demonstrating a regulatory role of BRCA1 on the RAD52-SSA
pathway.1® This observation, along with the other known roles of the multi-functional
BRCAL protein in cellcycle checkpoint activity, E3 ubiquitin ligase activity and BRCA2-
RAD51-mediated HR, posited the potential role of BRCAL in directing RAD52-RAD51
HR.15 BRCA1 may directly regulate RAD52 function in RAD51-directed repair, whereas it
is known that BRCAZ is entirely independent of RAD52.11

Another HR protein to consider is PALB2 (partner and localizer of BRCA2). PALB2 is
immediately downstream of BRCA1, physically and functionally links BRCA1 and BRCA2
in the HR pathway,6-19 and is an established breast cancer susceptibility gene.2? Autosomal
dominant mutations in PALB2 predispose to pancreatic, prostate and other cancers.21:22
Being upstream of BRCAZ2, it is unknown if PALB2 is involved in recruiting and regulating
RADS52 in RAD51-mediated HR. Although the specific genetic interactions of BRCAL and
PALB2 with RADS52 are unclear, the working hypothesis was that BRCA1 and PALB2 are
independent of RAD52, which would suggest a synthetically lethal relationship. However, it
is also possible that RAD52-RAD51-driven HR could be dependent on BRCAL or PALB2,
and thus we sought to investigate the relationship between these proteins.

RAD52 depletion is synthetically lethal with deficiencies in BRCAL1 or PALB2

Plating efficiency experiments with the MCF7 cell line were performed to measure the lethal
effect of the loss of RAD52 in BRCAL- and PALB2-depleted cells. We observed that colony
survival after acute depletion of BRCA1 or RAD52 alone showed moderate clonogenic
defects (Figure 1a, left). However, significant survival defects were observed when both
proteins were depleted simultaneously (Figure 1a, left). Furthermore, abortive attempts at
cell division were evident with numerous colonies of < 50 cells, as shown in the
representative photomicrograph (Figure 1a, right), which is most apparent with the
concurrent depletion of BRCA1 and RAD52. PALB2 and RAD52, when simultaneously
depleted, exhibited similar significant reduction in plating efficiency and increased number
of abortive colonies (Figure 1b). Of note, BRCAL or PALB2 deficiencies alone are not
essential in the context of a transformed cell, which is noted through the adequate plating
efficiency of these cells. These results were confirmed in U20S cells subjected to similar
conditions, demonstrating that lethality is maximal in the cells with double depletion of
BRCAL or PALB2 with RAD52 (Figure 1c).

RAD52 depletion in a BRCA1l-deficient background produces a severe defect in RAD51
focus formation

HR function appears to be required for cell survival as RAD51-deficient cells are lethal.”
Unrepaired DSBs arising in S-phase in the absence of HR are potentially lethal due to

Oncogene. Author manuscript; available in PMC 2017 December 14.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lok et al.

Page 4

deleterious genomic rearrangements. Given the loss of viability after depletion of RAD52 in
a BRCA1-deficient background, we hypothesized this lethal effect was due to defective
RADS51-directed HR. The RADS51 protein can be detected as subnuclear foci, which
represent their recruitment and participation in the DNA repair process by HR. The ability to
form RADS51 nuclear foci correlates with a cell’s ability to undergo HR, and therefore is a
useful proxy measure of HR.23:24

Both BRCA1 and RAD52 are known to associate with RAD51 and have a key role in the
repair of DSBs by HR.1124 We and others have previously shown the effect of BRCA1 on
RADS51 foci formation after exposure to ionizing radiation (IR).23 In the BRCA1-mutant
human breast cancer cell line HCC1937, the formation of IR-induced RAD51 foci is
defective relative to a BRCAl-complemented cell and compared with the MCF7 cell line
with wild-type BRCA1.23 To investigate the effect of RAD52 depletion in a BRCA1
proficient and deficient setting, HCC1937 cells were stably reconstituted with BRCA1-
wildtype or empty vector (Figure 2a, left).23 In HCC1937 cells depleted of RADS52 (Figure
2a, left), those complemented with BRCA1-wildtype showed rescue of RAD51 foci
formation after IR damage (Figure 2a, right) compared with HCC1937 cells containing the
empty vector, which showed a severe defect in RAD51 foci. These results suggest that in the
absence of BRCAL, RAD52 is a key mediator of RAD51 foci formation, whereas in a
BRCAZ1-proficient context RAD52 contributes minimally to RAD51 function.

To address the potential confounding factor associated with the growth adaptation of cells to
BRCAL1 deficiency, MCF7 cells were acutely depleted of BRCAL and/or RAD52 by siRNA
(Supplementary Figure 1A), and then subjected to the identical RAD51 foci formation assay.
Depletion of BRCAL alone resulted in a moderate suppression of IR-induced RAD51 foci
(Supplementary Figure 1B), and RAD52 depletion alone produced almost no effect if wild-
type BRCA1 was retained. However, the simultaneous depletion of BRCA1 and RAD52
resulted in a severe defect in RADS51 foci after exposure to 10 Gy of IR (Supplementary
Figure 1B). Taken together, these data show that RAD52 supports RAD51 function in a
BRCA1-deficient background.

RAD52 function does not depend on BRCA1

Human RAD52 and RADS51 interact and synergistically enhance in vitro reactions of DNA
recombination.2526 The ability of these two proteins to colocalize in subnuclear foci offers
in vivo evidence of their role in DNA repair.11 To understand the role of RAD52 and its
relationship with BRCA1 in mediating RAD51-dependent HR, MCF7 cells were transfected
with green fluorescent protein (GFP)-tagged RAD52 and a pool of MCF7-RAD52-GFP cells
were stably generated. These MCF7-RAD52-GFP cells were then depleted of BRCA1 by
SiRNA and subsequently subjected to IR (10 Gy), where RAD52, BRCA1 and gamma-
H2AX foci in these cells were quantified (Figure 2b). Thirty-four percent of the cells that
were transfected with a control siRNA contained RAD52 foci. RAD52 foci were detected in
a similar percentage of cells (29%) transfected with BRCA1 siRNA. This is in contrast to
BRCAL foci formation, where 51% of cells subjected to control siRNA contained BRCA1
foci, whereas a greater than threefold decrease in BRCA1 foci formation was observed in
cells transfected with BRCAL siRNA, with only 13% of these cells expressing BRCA1
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subnuclear foci (Figure 2b). These data demonstrate that RAD52 function occurs
independently of BRCAL status in human cells.

RAD52 depletion impairs HR in BRCAl-deficient cells

To study how the severe defect in forming RAD51 foci in BRCA1- and RAD52-deficient
cells affected functional HR activity, a gene conversion assay was performed with the pDR-
GFP reporter.2” In this assay, successful HR restores GFP expression, quantifiable by flow
cytometry as shown in Figure 3a.

H1299 and MCF7 cell lines with the pDR-GFP substrate chromosomally integrated (referred
to as H1299-pDR-GFP and MCF7-pDR-GFP) have been previously used to measure
HR.11.28 \When RAD52 was knocked down in BRCA1-depleted cells (Figure 3b), a 10- and
30-fold reduction in 1-Scel-induced recombination was observed in H1299-pDR-GFP and
MCF7-pDRGFP cells, respectively (Figure 3c). However, in BRCAZ1-proficient cells
RADS52 knockdown alone had no appreciable effect on the cumulative HR frequency
compared with control (Figure 3c). Cell cycle profiling was performed to assess whether
RADS52 depletion affects HR rates through S/G2 cell cycle phase shifts. Similar cell cycle
distributions were observed between the depletion of BRCA1 alone compared with the
double depletion of BRCA1 and RAD52, thereby demonstrating that RADS52 directly affects
HR frequency and not through cell cycle re-distribution (Figure 3c, Supplementary Figure
2A). A second RAD52 siRNA target sequence was utilized and a similar phenotype was
observed, thereby minimizing the possibility of off-target siRNA effects (Supplementary
Figure 3A). Overall, these data were consistent with the RAD51 foci data, where RAD52
depletion only had a significant effect in BRCAL-deficient cells.

RAD52 stimulates HR in the absence of PALB2

PALB2 provides a link between BRCA1 and BRCA2 in the DNA repair pathway of HR, and
is important for successful HR that is mediated by RAD51.16:18.19 Gjven the observation
that RAD52 is an alternative mediator of RAD51-dependent HR in the background of
BRCAL or BRCAZ2 loss, PALB2 was another logical protein to evaluate in testing the
hypothesis that the entire BRCA1-PALB2-BRCAZ2 pathway is dependent on RAD52 as a
backup pathway. Similar to the previous experiment with BRCA1, the formation of RAD51
foci was examined in MCF7 cells after transfection of PALB2 siRNA, RAD52 siRNA or
both. After treatment with 10 Gy of IR, PALB2 depletion produced an approximately
twofold reduction in cells forming RAD51 foci, from 40 to 22% (Figure 4a). RAD52
depletion alone had almost no effect on RAD51 foci, whereas after double depletion of
PALB2 and RAD52 only 6% of cells contained RAD51 foci (Figure 4a), thus revealing a
severe deficiency in RAD51 recruitment.

Supporting these results, MCF7-pDR-GFP and H1299-pDR-GFP cells that were depleted of
both PALB2 and RAD52 (Figure 4b) exhibited the most severe reduction in 1-Scel-induced
HR (Figure 4c). However, similar to BRCA1-proficient cells, in PALB2-proficient cells
RADS52 knockdown alone had no appreciable effect on the frequency of 1-Scel-induced
homology-mediated repair compared with control (Figure 4c). In addition, RAD52 depletion
alone compared with PALB2 and RAD52 double depletion did not affect S/G2 cell cycle
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distribution, suggesting that RAD52 is directly affecting the rates of HR (Supplementary
Figure 2B). A second RAD52 siRNA target sequence in combination with PALB2 depletion
demonstrated a similar phenotype and minimized the possibility of off-target siRNA effects
(Supplementary Figure 3B). Taken together, these results showed that in the absence of
PALB2 RADS52 is capable of mediating RAD51-dependent HR.

DISCUSSION

The studies presented here demonstrate that RAD52 is synthetically lethal with BRCA1 and
PALB?2, specifically through the RAD51-HR pathway. RAD52 maintains RAD51-dependent
HR function in response to DSB in the absence of BRCAL or PALB2. RAD51 foci
formation, DSB-induced direct repeat gene conversion and plating efficiency experiments all
show the important role of RAD52 in mediating RAD51-HR for cells deficient in BRCA1 or
PALB2. In addition, RAD52 function, as assessed through RAD52 foci formation, is
independent of BRCAL. We know that BRCA1 exhibits a multi-functional role in the DNA
damage response, including the initiation of single-strand resection, which is needed for
SSA repair. However, BRCAL does not control RAD52 function in RAD51-directed repair.
The implication is that the engagement of RAD52 in HR to prevent cell death is independent
of the BRCAL- dependent resection at DSBs. There are mechanisms of resection that do not
require the BRCAZ1-CtIP connection, which are the subject of active investigations. Stalled
replication intermediates, which are thought to be the potentially toxic intermediates that are
rescued by HR, may have already generated single-stranded DNA for replication protein A
binding, which is sufficient to engage the RAD52 mechanism of HR. Overall, these studies
demonstrate that the function of RAD52 in RAD51-HR repair is independent of the entire
BRCA1-PALB2-BRCAZ2 pathway of HR.

The mechanistic role of human RAD52 in RAD51-dependent repair of DSBs is still under
investigation. Yeast Rad52 mediates Rad51-dependent strand exchange events?® and may
perform the annealing step in second end capture,2 yet these biochemical functions of
RAD52 were not readily evident in mammalian cells. Our work now shows that human
RADS5?2 has a vital role in RAD51 filament formation, inferred by the formation of RAD51
foci, especially in cells deficient in the BRCA1-PALB2-BRCAZ2 pathway. This novel
observation goes beyond the previously described role of human RAD52 in SSA.30 RAD51
has been implicated in the repair of multiple different lesion types, including DSBs,
oneended DSBs generated by replication fork stalls and postreplication daughter strand gap
repair (Supplementary Figure 4). Our work confirms that repair of these lesions relies upon
the BRCA1-PALB2-BRCAZ2 pathway, with RAD52 functioning in an alternative pathway
that mediates RAD51-directed repair when deficiencies exist in BRCAL, PALB2 or BRCA2
(Supplementary Figure 4), although a cooperative role for RAD52 and BRCA2 in mediating
RADS51 function cannot be definitively excluded.31:32

RADS5?2 is necessary for colony growth of BRCAL- or PALB2-deficient cells, thereby
suggesting that RAD52 depletion could halt the proliferation of BRCAL- or PALB2-
defective cancer cells while sparing normal cells. The significant loss of HR in the double
depleted cells suggests that this synthetically lethal effect is due to the loss of RAD51 HR
function mediated through the BRCA1- PALB2-BRCA2 complex, and not because of any
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other known function of BRCA1 (for example, SSA regulation that also involves RAD52,
E3 ubiquitin ligase function, transcriptional activity, etc.). No known mutations or
inactivation of RAD52 in human tumors has been documented, making deliberate
inactivation of RAD52 a potential targeted therapeutic approach that exploits this
relationship in BRCA1 and PALB2 defective tumors.

An interesting area of future inquiry would be to examine the ‘BRCAness’33 of sporadic
cancers and assess whether RAD52 silencing would confer tumor-specific kill, as the
BRCAness profile of epithelial ovarian cancers has been correlated to sensitivity to poly
(ADP-ribose) polymerase inhibitors and platinum-based chemotherapy.33 Furthermore,
functional assays of RAD51 function using ex-vivo irradiation of clinical breast cancer
samples3* have revealed a pool of tumors with sporadic BRCA deficiencies that can enlarge
the patient population that would benefit from the therapeutic depletion of RAD52 (among
other synthetically lethal strategies). In summary, we have established that RAD52 depletion
can selectively target tumor cells deficient in any component of the BRCA1-PALB2-
BRCAZ2 pathway, and is one additional method to personalize and improve cancer therapy in
this population of tumors.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
RADS52 exhibits synthetic lethality with BRCAL and PALB2. (a) (Left) Plating efficiency

(clonogenic survival) of MCF7 cells that were cultured as previously described in Feng et
al., 11 and were depleted of BRCA1, RAD52 or both proteins by commercially available
siRNAs (siBRCAL: siGENOME SMARTpool, Dharmacon, Lafayette, CO, USA,; siRAD52:
ID no. 142431, Ambion, Austin, TX, USA; control: negative control siRNA cat. no.
1027310, Qiagen, Valencia, CA, USA), and transfected into cells by Nucleofector (Lonza,
Basel, Switzerland) according to the manufacturers’ recommendations. Plating efficiency
was measured in MCF7 cells by seeding in triplicate 100, 400, 800, 1600, 3200 and 6400
cells into six-well plates. Cells were plated 72 h after transfection with the labeled siRNAs.
Colonies (> 50 cells) were counted by fixing and staining with crystal violet (0.05%) 14-21
days after seeding. The results shown are from three independent experiments with error
bars representing s.e.m. Differences between cells transfected with BRCAL siRNA alone
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compared with both BRCAL and RAD52 siRNA are significant (P=0.0239), as determined
by an unpaired #test. (Right) Photomicrographs are of representative colonies 14 days after
plating. (b) (Left) Plating efficiency of MCF7 cells following siRNA depletion of PALB2,
RADS5?2 or both proteins as in (a) (SIPALB2: sSiGENOME SMARTpool, Dharmacon).
Differences between cells transfected with PALB2 siRNA alone compared with both PALB2
and RAD52 siRNA are significant (P=0.0140), as determined by an unpaired #test. (Right)
Photomicrographs are of representative colonies 14 days after plating (as in a). (c) Plating
efficiency of U20S cells that were cultured in the same conditions, as previously described
for MCF7 cells. U20S cells were transfected with the labeled siRNA oligos (as in a, b) and
plated 72 h later. Colonies were counted by fixing and staining, as described above.
Differences between cells transfected with BRCAL siRNA alone compared with both
BRCAL and RAD52 siRNA are significant (P=0.036), as determined by an unpaired #test,
in addition to cells transfected with PALB2 siRNA alone compared with both PALB2 and
RAD52 siRNA (P=0.0061).
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Figure2.

Hl ADoL+

RAD51 foci formation in BRCA1-deficient cells is dependent on RAD52, but RAD52 foci
formation is not dependent on BRCAL. (a) HCC1937 cells, complemented with a pcDNA3
expression vector containing wildtype BRCA1 or empty control, as previously reported,3°
were transfected with the indicated siRNAs and immunoblotted with the indicated
antibodies (anti-BRCAL: OP92, Calbiochem, La Jolla, CA, USA; anti-Rad52: SC-8350,
Santa Cruz, Santa Cruz, CA, USA,; anti-SMCL1: A300-055A, Bethyl, Montgomery, TX,
USA; anti-HDAC: #06-720, Upstate/Millipore, Billerica, MA, USA). Confocal images of
IR-induced RADS51 foci in HCC1937 cells that were stably transfected with wildtype
BRCAL1 or a vector control.3® Cells were then transiently transfected with RAD52 siRNA or
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a control siRNA, then seeded in eight-chamber tissue culture slides (Fisher, Pittsburgh, PA,
USA) and incubated overnight. Cells were fixed in 4% paraformaldehyde at room
temperature for 15 min, followed by a block and permeabilization step with 10% BGS and
0.5% Triton-X for 1 h. Commercially available antibodies against RAD51 (Ab-1, Santa
Cruz) were used for staining, as previously described.! Images were obtained using a Carl
Zeiss confocal laser scanning microscope (Carl Zeiss Microscopy, LLC, Thornwood, NY,
USA) and processed using ImageJ and Adobe Photoshop software. For foci quantification
200 nuclei were counted, with cells forming > 5 foci scored as positive. The percentage of
cells with RAD51 foci is shown (mean and s.e. from three independent experiments).
Differences between HCC1937 cells stably transfected with an empty vector and then
control siRNA compared with empty vector cells transfected with RAD52 siRNA are
significant (P=0.0234), as determined by an unpaired #test. (b) MCF7 cells were transfected
with GFP-tagged RAD52 and a pool of cells were stably selected with G418 (Mediatech,
Inc., Manassus, VA, USA) at 1 mg/ml concentration. These MCF7-RAD52-GFP cells were
transfected with control or BRCAL siRNA. After 10 Gy of IR, cells were fixed and stained
with commercially available antibodies against BRCA1 (SC-6954, Santa Cruz) and
phosphorylated Ser-139 H2AX (05-636, Millipore, Billerica, MA, USA). Confocal images
of RAD52-GFP, BRCAL and gamma-H2AX (gH2AX) foci were captured and scored. The
percentage of cells with RAD52 and BRCAL1 foci is shown (mean and s.e. from three
independent experiments). Differences in BRCA1 foci between control and BRCA1
siRNAtransfected cells were significant (P=0.002), as determined by an upaired #test.
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Figure 3.

RAD52 is required for homology-directed gene conversion in BRCA1-depleted cells. (a)
Flow cytometry of H1299 cells cultured as previously described,?8 containing the
recombination substrate, pDR-GFP,2” transfected with the I-Scel endonuclease plasmid or

with vector alone by Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) according to the

manufacturer’s recommendations and analyzed for the percentage of green fluorescent cells.

At 24 h after transfection with respective siRNAs, cells with the pDR-GFP construct stably
integrated were transfected with pCMV-1-Scel to induce DSBs. Cells were collected 72 h
later for analysis using a FACScan flow cytometer (Becton Dickinson, Franklin Lakes, NJ,
USA). (b) Immunoblots of H1299-pDR-GFP and MCF7-pDR-GFP cells that were
transfected with the indicated combinations of siRNA. (c) The frequency of I-Scel break-
induced recombination (HR) measured by flow cytometry in H1299-pDR-GFP and MCF7-
pDR-GFP transfected with the labeled siRNAs. The bars represent the results of three or
more independent experiments; error bars show s.e.m. Differences between cells transfected
with BRCAL siRNA alone compared with both BRCA1 and RAD52 siRNA are significant
(P=0.031, P=0.024 for H1299-pDR-GFP and MCF7-pDR-GFP cells, respectively), as
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determined by an unpaired #test. A summary of the cell cycle distribution shows similar
rates between the labeled siRNA conditions; see Supplementary Figure 2 for detailed
methods and data.
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Figure 4.

RADS5?2 is required for RAD51-mediated HR in PALB2-depleted cells. (a) Confocal images
of IR-induced RAD51 foci in MCF7 cells following siRNA depletion of PALB2, RAD52 or
both proteins. The percentage of cells with RAD51 foci is shown (mean and s.e.m from
three independent experiments). Differences between cells transfected with PALB2 siRNA
alone compared with both PALB2 and RAD52 siRNA are significant (P=0.0471), as
determined by an unpaired #test. (b) Immunoblots of H1299-pDR-GFP and MCF7-pDR-
GFP cells transfected with the labeled combinations of control, PALB2 and RAD52 siRNA.
(c) The frequency of I-Scel break-induced recombination (HR) measured by flow cytometry
in H1299-pDR-GFP and MCF7-pDR-GFP cells transfected with the indicated siRNAs. The
bars represent the results of three or more independent experiments; error bars show s.e.m.
Differences between cells transfected with PALB2 siRNA alone compared with both PALB2
and RADS52 siRNA are significant (P=0.0045, £=0.0096 for H1299-pDR-GFP and MCF7-
pDR-GFP cells, respectively), as determined by an unpaired #test.
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