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Summary
The BRCA1 gene product plays numerous roles in regulating genome integrity. Its ability to
participate in the assembly of various super-molecular complexes in response to DNA damage has
been extensively studied, however much less is understood about BRCA1’s direct role as a gene-
specific transcriptional co-regulator. BRCA1 loss or mutation is highly associated with hereditary
breast and ovarian cancer and numerous reports show that altered levels of BRCA1 expression are
frequently found in sporadic forms of breast cancer, suggesting that control of BRCA1 transcription
may also play a significant role in tumorigenesis. In this report we provide evidence of a stunning
linkage between BRCA1’s role as a transcriptional co-regulator and the control of its expression via
an auto-regulatory transcriptional loop. BRCA1 assembles with complexes containing E2F-1 and
RB to form a repressive multi-component transcriptional complex that inhibits BRCA1 promoter
transcription. This complex is disrupted by genotoxic stress resulting in the displacement of BRCA1
protein from the BRCA1 promoter and subsequent up-regulation of BRCA1 transcription. Cells
depleted of BRCA1 in vivo show up-regulation of BRCA1 transcripts while cells over-expressing
BRCA1 show BRCA1 transcript down-regulation. Tandem chromatin immmuno-precipitation
studies demonstate that BRCA1 is regulated by a dynamic co-regulatory complex containing BRCA1,
E2F1 and Rb at the BRCA1 promoter that is disrupted by DNA damaging agents to increase its
transcription. These findings define a novel transcriptional mechanism in which BRCA1 expression
is controlled by an autoregulated homeostasis that selectively titrates its levels to maintain genome
integrity in response to genotoxic insult.
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Introduction
Loss or mutation of the BRCA1 gene is associated with nearly 5% all breast cancers and greater
than 80% of all cases of hereditary ovarian/breast cancer syndromes (1). Cells carrying absent
or mutated alleles of BRCA1 show many features characteristic of reduced genome stability
including impaired cell cycle checkpoints, reduced efficiency in homologous recombination
and defective DNA repair following genotoxic insults (2). Efforts to elucidate this genomic
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“caretaker” function have led to the identification of multiple roles for BRCA1 in a variety of
cellular processes including cell cycle checkpoint control, homologous recombination,
centrosome replication, response to DNA damage and transcriptional control (3,4). The major
BRCA1 gene product is an 1863 amino acid protein containing multiple functional domains
and protein interaction surfaces. An N-terminal ring finger domain dimerizes with BARD1 to
provide E3 ubiquitin ligase activity. The central portion interacts with many factors involved
in DNA repair. Two tandem C-terminal BRCT motifs interact with protein complexes that
control transcription and mediate the DNA damage response (reviewed in (3–5)).

Though BRCA1 was originally predicted to function as a transcription factor when it was first
discovered in 1994 (1), subsequent studies focused primarily on defining characteristics of
BRCA1-containing complexes induced by DNA damage (3,6). Evidence of a transcriptional
role for BRCA1 was first provided by reporter assays using hybrid fusions of BRCA1 with the
DNA binding domain of Gal4 (7,8). BRCA1 was subsequently found to form direct complexes
with the RNA polymerase II holoenzyme and a variety of transcription factors including p53,
c-Myc, Stat1, c-jun, estrogen receptors, p300 , E2F, Rb, TRAPP220 and CtIP-CtBP (reviewed
in (4,5)). Several genes were later found to be regulated by BRCA1. Many of these genes
regulate cell cycle progression and the response to DNA damage, including p21, p27,
GADD45a, GADD153, DDB2, 14-3-3 sigma, hTERT, and several estrogen-responsive genes
(reviewed in (9) and (5)). However, it remains unclear how many of these BRCA1-regulated
genes are directly targeted through gene-specific BRCA1 recruitment, as has been shown for
MAD2 and ANG1 (10,11).

Reports that many cases of sporadic breast cancer show decreased expression of BRCA1 in
the absence of BRCA1 mutation (12) and loss of BRCA1 expression is associated with higher
grade non-inherited breast cancer (13–15) created significant interest in defining mechanisms
of BRCA1 regulation at the level of transcription. BRCA1 transcription is regulated by a highly
active bi-directional promoter (16,17). Transcriptional regulation of the BRCA1 promoter is
complex and modulated by multiple different components including ETS factor complexes,
E2F factors, CREB, Rb, p53BP1, and the SWI/SNF complex (reviewed in (5) and (4))

In this report we describe a new and unexpected transcriptional target of BRCA1: the
BRCA1 promoter. We show that BRCA1 binds directly to its own promoter and this association
down regulates expression. Furthermore we show that this negative auto-regulation by BRCA1
is modulated in response to genotoxic stress through an intricate and dynamic assembly of
transcription factors and transcriptional coactivators that tritates the level of BRCA1 in
response to environmental stress. This is the first description of an auto-regulatory loop for
BRCA1 gene regulation and provides a novel mechanistic framework to study the
transcriptional regulation of other BRCA1-dependent genes.

Materials and Methods
Cell culture and transfection

Jurkat T-cells, HEK 293 LTV, PC3 and LNCaP prostate cancer cells were maintained in RPMI
1640 with 10% fetal bovine serum at 37°C in a humidified atmosphere of 5% CO2. UV
treatment was performed by irradiating 1×108 Jurkat T-cells in a Stratalinker 800 (Stratagene)
followed by incubation in fresh media for the indicated times. Doxorubicin hydrochloride
(Sigma Chemical Co.) was prepared in DMSO. G418 concentration for selection (100 µg/ml)
or maintenance (50 µg/ml) were determined performing a concentration curve in PC3 cells
between 10 to 500 µg/ml. PC3 stable cell lines were generated transfecting with 10 µg of
pcDNA3 BRCA1 wt or pcDNA3 empty vector by calcium phosphate method in a 100 mm
plate. Twenty four hours post-transfection, G418 was added at the concentration for selection.
After 10 days, single clones were amplified and BRCA1 expression was determined by Western
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blot and RT-qPCR. Clones with the highest BRCA1 expression were used. For PC3 with
BRCA1 silenced expression, 100 mm plates were transfected with 10 µg of pKD or shRNA
BRCA1 plasmids and 2 µg of pcDNA3 to introduce G418 resistance. Same G418
concentrations were used for selection and maintenance.

Plasmids and RNAi reagents
The pGL12 BRCA1 promoter luciferase reporter plasmid was previously described (18). The
pGL35 BRCA1 luciferase reporter plasmid was generated by cloning a PCR amplified 900 bp
fragment of the promoter upstream of the transcription start site into the HindIII site of pGL3
Basic (Promega). BRCA1 promoter specific primers used were FW 5' AGC AAG CTT AAC
GAC CAC CCC ATT GAC TG 3' and REV 5' GCT AAG CTT TCC AGG AAG TCT CAG
CGA GCT CA 3’. BRCA1 expression vectors (pcDNA3 BRCA1 and pcDNA3
BRCA1ΔBRCT) have been previously described (19). BARD1 expression vector (pcDNA3
BARD1) was from purchased from Origene Technologies. shRNA control and shRNA BRCA1
were from Upstate. siRNA control and siRNA BARD1
(AACAGUAACAUGUCCGAUGAAdTdT) were from Dharmacon, Inc. shRNA E2F1 A,
shRNA E2F1 B and pGIPZ control plasmids were obtained from OpenBiosystems. Plasmids
expressing E2F-1 (E132) and E2F-1 (1–363) were generously provided by Doron Ginsberg.
pGL3.BRCA1luc full length (1312–1627), pGL3.BRCA1luc-M2 (E2F1 “A” mutation),
pGL3.BRCA1luc-M3 (E2F1 “B” mutation) and pGL3.BRCA1luc-M23 (both sites mutated)
was previously described and was generously provided by P.M. Glazer (20,21).

Chromatin immuno-precipitation and immuno-precipitation
Methods, antibodies and primers used for ChIP are described in detail in the Supplemental
Methods. The anti-BRCA1 antibody was affinity-purified from the sera of rabbits inoculated
with a GST-fusion containing the BRCA1 amino acids 304–772. Immuno-precipitation and
western blot analysis from isolated nuclear extracts was performed as previously described
(22).

RNA isolation, and RT-qPCR
RNA isolation, qRT-PCR and primer sequences are described in detail in the Supplemental
Materials. Results were normalized to ACTB (Actin B).

Immunoblot Analysis
Nuclear extract and western blot analysis as previously described (23,24) and are described in
detail in the supplemental materials and methods.

Results
To profile BRCA1 interactions with the genome, we developed an affinity purified polyclonal
antibodies against BRCA1 that selectively detects nuclear BRCA1 by immunofluorescence,
immunoblot analysis, and immunoprecipitation from both native and formalin cross-linked
nuclear extracts (Figs. 1A–C and Supplemenary Figure S1). Specificity of reactivity was
demonstrated by antigen blockade of immunofluorescence (Fig. 1A) and gene depletion by
RNA interference (Fig. 1B). This antibody was used in a genome-wide screen of 37,365 human
proximal promoters by the combination of chromatin immunoprecipitation (ChIP) and micro-
array technology (ChIP-chip) using NimbleGen (Roche) tiled proximal promoter arrays. In an
initial screen, gene promoters showing a binding significance of p <0.000001 were selected
for further examination (Fig. 1D). Not surprisingly, several of the genes identified by this
genome location analysis screen (including CCNB2, MLH1, H2AFX, DDIT3, SFPQ, FEN1,
and H3F3B) were previously reported to be regulated by BRCA1 in gene expression studies
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(5, 25, 26). Remarkably, one of the BRCA1-associated genes was the BRCA1 promoter itself.
We focused on the intriguing possibility that BRCA1 could regulate its own expression for
further analysis.

When compared to non-specific Gal4 antibody, a peak of BRCA1 binding to the proximal
promoter region of the BRCA1 gene was readily detected by α-BRCA1 ChIP and quantitative
real-time PCR (Fig. 2A). Interestingly this binding was disrupted by 3 h treatment with the
DNA damage inducing agent doxorubicin (Fig. 2A) Most notably, loss of BRCA1 from the
BRCA1 promoter correlated with an increase in BRCA1 transcription suggesting that BRCA1
may function as a negative regulator of its own transcription (Fig. 2B). This mode of BRCA1
regulation is not cell type specific since it is observed in the PC3 prostate cancer cell line (Figs.
2B–C). BRCA1 binding is readily detected at multiple gene promoters in different cell types.
Similar to Jurkat, significant binding by BRCA1 is also demonstrated in LNCaP prostate cells
at the ATM and PSA promoters (Fig. 2D).

The region within 300 base pairs (bp) upstream of the BRCA1 TSS has high transcriptional
activity as previously described (16) (Fig. 3A). This activity is significantly repressed by
BRCA1 over-expression; however, a construct lacking the C-terminal BRCT domain showed
reduced inhibitory activity (Fig 3A). Similar to previous studies (16), reporter constructs
containing additional sequence from −300 to −900 bp showed reduced transcriptional activity
(Fig 3A). Nonetheless, this activity is also repressed by BRCA1 over-expression though this
repression shows little requirement for the C-terminal BRCA1 repeat domain (Fig. 3A). In
sharp contrast, BRCA1 depletion by BRCA1 specific shRNA increased transcription from both
fragments of the BRCA1 regulatory region (Fig. 3B). Similar results were obtained in response
to enforced or depleted expression of the BRCA1 dimerization partner, BARD1 (Fig. 3C).
Also, like BRCA1, BARD1 is enriched at the BRCA1 promoter but displaced by pretreatment
with doxorubicin (Fig. 3D). Furthermore, stable over-expression or depletion of BRCA1 in the
PC3 prostate cell line causes transcriptional repression and up-regulation of the BRCA1
promoter respectively (Fig. 4A and B). Most notably however, cells that stably over-express
BRCA1 show down-regulation of endogenous nascent BRCA1 RNA expression while cells
that have stable depletion of BRCA1 expression show up-regulation of nascent BRCA1 RNA
transcripts.

Though BRCA1 does not bind DNA specifically, prior studies have suggested that BRCA1
may be tethered directly or indirectly to sequence-specific DNA binding proteins. One potential
interaction involves the retinoblastoma protein (Rb) which forms dynamic repressor complexes
with the E2F family of transcription factors and is readily detected in complexes with BRCA1
by immunoprecipitation (19,27). In addition, the E2F family of proteins are well known to bind
to both the BRCA1 promoter (20,28) and BRCA1 (29) and therefore may serve to recruit Rb/
BRCA1 complexes to the BRCA1 promoter. As shown by BRCA1 and Rb immuno-
precipitation in Fig 5A, a small population of Rb in the nuclear extracts of Jurkat cells is
associated with BRCA1 and these levels decrease in cells treated with doxorubicin. Similarly,
BRCA1 complexes containing E2F-1 show detectable binding above background in BRCA1
immuno-precipitates although this is a small population compared to the amount of E2F-1
associated with Rb (Fig. 5A). Similarly, ChIP analysis shows that both E2F-1 and Rb are
associated with BRCA1 promoter under basal conditions and are significantly decreased in
cells treated with doxorubicin (Figs. 5B–C). To further demonstrate the linkage between E2F-1
assembly at the BRCA1 promoter and BRCA1, tandem ChIP was performed at the BRCA1
promoter to sequentially enrich for BRCA1-associated complexes (Fig. 5D). Compared to non-
specific control (α-Gal4), primary ChIP precipitates of BRCA1 promoter-containing
complexes, isolated with α-BRCA1 antibodies, showed a significant retention of E2F-1
associated BRCA1 promoter sequences and this enrichment was dramatically decreased
following genotoxic stress (Fig 5D). These findings further support the existence of a dynamic
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assembly of complexes containing Rb, E2F-1 and BRCA1 at the BRCA1 promoter and their
displacement and/or disruption by genotoxic stress.

Several studies have reported a complex regulation of the BRCA1 promoter by members of
E2F and Rb factors which is likely to be determined by the relative abundance of the factors
(20,21,30). This is demonstrated by the significantly reduced basal formation of BRCA1
containing complexes at the BRCA1 promoter in the Soas cell line, which does not express Rb
(Fig. 6A). In addition, transient expression of dominant interfering mutants of E2F1 relieves
BRCA1 dependent repression of the BRCA1 promoter in PC3 cells. As shown in Fig. 6B, co-
transfection of mutant containing only the DNA binding domain of E2F-1(aa 1–363) and, to
a lesser extent, a DNA binding defective point mutant (E132) (31,32) results in increased
BRCA1 promoter activity compared to control. Notably, this effect is blunted in PC3 cells that
stably over-express BRCA1 (Fig. 6B). Prior studies have shown that the manner in which E2F
and Rb factors associate with the BRCA1 is significantly complex and differentially regulated
by two separate E2F binding sites in the BRCA1 promoter region (20,21). Reporter assays using
BRCA1 promoter reporter constructs in which one or both of the E2F sites is mutated (21)
demonstrates that the ability of BRCA1 to regulate the BRCA1 promoter is significantly
influenced by the integrity of these sites (Figure 6C). Mutation of the most distal site (E2FA)
results in decreased transcriptional activity suggesting this site may play a more positive role
in activity of the BRCA1 promoter while mutation of the more proximal E2F site (E2FB)
results in a slight increase in activity (Fig. 6C, left). Both single mutants are repressed by
BRCA1 over-expression (Fig. 6C, left) and induced by BRCA1 depletion (Fig. 6C, right);
however mutation of both sites results in the largest increase in BRCA1 promoter activity, the
most resistance to BRCA1 overexpression (Fig. 6C, left) and the largest increase in promoter
activity following BRCA1 depletion (Fig. 6C, right). The finding that BRCA1 promoter
repression by BRCA1 overexpression and BRCA1 promoter induction by BRCA1 depletion
persists following mutation of both sites suggests that other proteins or sites in addition to the
two E2F binding sites are likely to be involved in recruitment of BRCA1 to the BRCA1
promoter.

Discussion
Several groups have made significant contributions to our understanding of the regulation of
the BRCA1 promoter in response to a variety of environmental conditions ranging from
genotoxic insult to hypoxia (21,33–36). The general consensus from these studies is that
BRCA1 is regulated by a highly dynamic promoter that adapts rapidly to cellular conditions.
Interestingly, several groups have examined the influence of genotoxic stress on BRCA1
expression with conflicting results. Previous studies showed that genotoxic stress repressed
BRCA1 expression and demonstrated a significant role for p53 in the repression (33,34).
Subsequently it was shown that though BRCA1 expression decreases several hours following
DNA damage, there is an initial rapid increase in expression within minutes following exposure
to genotoxic stress with a subsequent p53-mediated feedback relay that quenches BRCA1
transcription (35,36). Others have found that activation and repression could be seen in the
same system depending on the time and dose of genotoxic agents (37). Interestingly, BRCA1
expression also stabilizes p53 which likely contributes to the quenching of its expression
(38). The intersection of these feed-back loops suggests that BRCA1 participates in an intricate
autoregulatory interplay following DNA damage (See schematic, Fig 6). In the early stages,
levels of BRCA1 are elevated to allow it to perform its “caretaker” function by participating
in DNA repair. Under these conditions, BRCA1 would be released from its promoter and
recruited to sites of DNA repair allowing the now de-repressed BRCA1 promoter to increase
BRCA1 transcription so that BRCA1 protein, consumed in the repair process, can be replaced.
Should repair be insufficient in the ensuing hours and the DNA damage signal persist, increased
expression of p53, stabilized by BRCA1, would activates its p53 “gatekeeper” function to shut
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down transcription of BRCA1 and other genes and initiate programmed cell death. It should
be noted that p53 is not absolutely required for this entire process since the reduction in BRCA1
expression can occur in p53 deficient cells (33).

In retrospect a role for BRCA1 in regulation of its own expression could have been predicted.
BRCA1 has been shown previously to interact with Rb and members of the E2F family of
transcription factors (29). Rb, Rb-related proteins, and E2F factors have all been found to bind
to the BRCA1 promoter (20,28,30,39). Thus a role for BRCA1 in an auto-regulatory assembly
at its own promoter responsive to environmental changes is an attractive hypothesis.

The role of Rb/E2F in the regulation of BRCA1 transcription during cell cycle progression and
in response to DNA damage has yet to be fully explored. Though exposure to DNA damaging
agents can ultimately disrupt normal cell cycle progession, the time periods used for the
treatment of cells with genotoxic agents (1–3h) in this study are much too short to influence
the cell cycle (see Supplementary Fig. S2) and therefore the observed effects are due
predominantly to the immediate stress response from genotoxic insult. The expression profiles
that correlate with BRCA1 release following DNA damage are likely to reflect a complex
integration of multiple events linked to changes in covalent modification and protein-protein
interactions involving E2F-1, Rb, and BRCA1 at the BRCA1 promoter. Presently the actual
nature of the disruption of the E2F-1/Rb/ BRCA1 assembly at the BRCA1 promoter following
genotoxic stress remains to be precisely defined. The work of Glazer and colleagues suggest
that there may be an intricate rearrangement of the interaction of multiple E2F family members
with two distinct E2F binding sites at the BRCA1 promoter in response environmental
challenge (20, 21). Interacting components includes E2F-1 and E2F-4 in addition to the Rb
related factors p107 and p130. Thus E2F-1 binding at the BRCA1 promoter is probably
multivalent and may change, but may not be absent from the promoter, following DNA damage
(Fig. 6) and is consistent with the observation that E2F-1 plays a role in both the activation
and repression of BRCA1 promoter activity through its interaction with Rb. Furthermore, this
interplay may be highly influenced by tissue specific ratios of individual Rb-related and E2F-
related factors (Fig. 6A) (20, 21). The intricacy of this complex may also explain why peak
ChIP enrichment for the BRCA1, E2F-1, and Rb components of these complexes spans a
distance between 0 and −1kb relative to the transcription start site (Fig. 2 and 5).

Rb interacts with a common set of factors involved in transcriptional repression including CtIP,
CtBP, RbAP46/48 (19,27,40). These components are also known to associate with certain
histone deacetylases and chromatin remodelers. Detailed analyses of the acute changes in
chromatin structure and covalent modification at the BRCA1 promoter in response to genotoxic
insult will also be important future objectives. Though the E2F transcription factors are primary
candidates in BRCA1 recruitment the possibility of a role for other sequence-specific DNA
binding factors such as CREB, ZBRK1 and Ets must be considered. This is particularly
important since site specific alteration of the two characterized E2F sites does not completely
abolish BRCA1 regulation of the BRCA1 promoter (Fig. 6C). The recent finding that BRCA1
can repress transcription by ubiquitylation of pre-initiation complex components suggests that
genotoxic stress may induce dynamic changes in protein ubiquitylation at the BRCA1 promoter
via BRCA1’s E3-ligase activity in complex with BARD1 (41). Future experiments will have
to assess if and how such modifications occur at the BRCA1 promoter in vivo.

Earlier clues that BRCA1 may have a regulatory role in its own expression come from mouse
embryonic tissue expression studies in which exon 11 has been deleted. Deletion of exon 11
produces a gene product with significantly reduced nuclear localization (42). RNA isolated
from this tissue show a greater than two fold increase in transcription from the mutant
BRCA1 alleles, consistent with loss of repression due to impaired nuclear entry of BRCA1
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protein (43) and is highly consistent with the BRCA1 gene depletion data presented in this
study (Fig. 3–4).

Our current understanding of the role of BRCA1 as a regulator of transcription is still in its
infancy. The list of direct transcriptional targets of BRCA1 now includes BRCA1 itself but still
remains quite small despite the implications from several gene expression studies. Expanded
efforts to identify those genes that represent direct targets of BRCA1 will be of central
importance in improving our understanding of the function of BRCA1 as a transcriptional co-
regulator.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. BRCA1 protein associates with the promoter regions of BRCA1 and multiple other genes
(A) Characterization of affinity purified antibodies against BRCA1. (left) by
Immunofluorescence staining of Jurkat T-cells before and after antigen blockade. α-BRCA1:
Green; DAPI DNA staining: Blue (right). Characterization of α-BRCA1 antibodies by
immunoblot analysis of cells lysates from Jurkat T-cells depleted of BRCA1 by transfection
with control and increasing amounts of BRCA1 shRNA producing plasmid. NuMA antibody
was used as loading control. (B) Immunoblot characterization of α-BRCA1 antibody reactivity
against formalin cross-linked BRCA1 protein in Jurkat cell lysates. (C) Characterization of α-
BRCA1 antibodies by immunoprecipitation of native and formalin cross-linked cell lysates
compared to non-specific IgG. Following immunoprecipitation, formalin cross-links were
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reversed prior to SDS PAGE and immunoblot analysis. Input indicates signal from 10% of
lysate. (D) BRCA1 ChIP profile of BRCA1 and other genes that show significant association
(p ≤0.000001) with BRCA1 by ChIP-chip analysis using the Nimblegen HG17 tiled proximal
promoter array (HG17 array 2005-04-18_min_promoter_set) compared to non-specific control
(TUBB1). Results are the average of two independent biological replicates. Y-axis is shown
in −log (P) scale and X-axis shows coordinates of the indicated chromosomes.
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Figure 2. BRCA1 protein association with the BRCA1 promoter and BRCA1 expression is regulated
by genotoxic stress
(A) Inset above, schematic diagram of BRCA1 promoter show divergent NBR2 gene and
relative positions of primers set used in this study. ChIP analysis at the BRCA1 promoter using
BRCA1-specific or non-specific control IgG (α-Gal4) in untreated Jurkat T-cells or cells treated
3h with doxorubicin (1µM). Shown is enrichment at positions of the BRCA1 locus relative to
the transcription start site presented as percent recovery of input. (B) Jurkat T cells or PC3 cells
were treated with either UV or doxorubicin (1µM) and harvested at the indicated times prior
to RNA isolation. Mature RNA message was determined by RT-qPCR normalized to ACTB.
(C) ChIP analysis of BRCA1 binding to the BRCA1 promoter in PC3 human prostate cell lines
at indicated positions relative to the TSS in untreated and Doxorubin treated cells (1µM, 24
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h). IgG against yeast Gal4 α-Gal4 was used as a non-specific binding control. (D) ChIP analysis
of BRCA1 binding to the ATM and PSA promoters in LNCaP cells untreated or after UV
treatment. In all cases (1A, C and D) mean enrichment and error shown correspond to the
average and standard deviation of two independent experiments.
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Figure 3. BRCA1 and BARD1 negatively regulate transcription from the BRCA1 promoter
(A) Jurkat T cells were cotransfected with luciferase reporter constructs (see schematic above)
spanning the indicated lengths of regulatory sequences upstream of the BRCA1 TSS (pGL12
or pGL35) in combination with either: BRCA1 wt (pcDNA3 BRCA1), BRCA1 C-terminal
mutant (pcDNA3 ΔBRCT) or empty (pcDNA3) expression vectors. (B) Jurkat T-cells were
cotransfected with the indicated BRCA1 promoter reporters and either shRNA BRCA1 or
control shRNA with scrambled sequence expression vectors. (C) Jurkat T-cells were
cotransfected with the indicated BRCA1 promoter reporters and either wild type BARD1
(BARD1) or empty expression vectors or BARD1 siRNA or control duplex siRNA
oligonucleotides. Error bars show the standard error of the mean from at least 3 independent
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transfections. (D) ChIP analysis of BARD1 enrichment at the BRCA1 promoter with and
without pretreatment with 1 µM doxorubicin. Error bars indicate the standard error of the mean
derived from 2 independent biological replicates.
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Figure 4. Reciprocal regulation of BRCA1 promoter activation and transcription in PC3 prostate
cell lines by stable over-expression or depletion of BRCA1 protein
(A) PC3 cells stably transfected with control empty vector (ctrl) or BRCA1 expression vector
(BRCA1) were transiently transfected with BRCA1-luc reporter constructs (pGL12 or pGL35).
(B) PC3 cells stably expressing shRNA BRCA1 or control shRNA with scrambled sequence
shRNA expression vectors were transfected with BRCA1-luc reporter (pGL12). Luciferase
activity was normalized to protein. Error bars show the standard error of the mean from 3
independent transfections. (C) PC3 prostate cancer cells that stably over-expressing BRCA1
as in (A) were analyzed for nascent BRCA1 RNA levels (unspliced transcript) by qRT-PCR
and compared to cells stably expressing empty vector (ctrl). Similarly, cells stably depleted of
BRCA1 as in (B) were analyzed for nascent BRCA1 RNA levels compared to cells stably
producing shRNA containing a scrambled sequence (ctrl).
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Figure 5. BRCA1 forms a negative regulatory complex with E2F-1 and Rb at the BRCA1 promoter
that is disrupted by genotoxic stress
(A) Co-immuno-precipitation of BRCA, Rb and E2F-1 using antibodies against non-specific
IgG, α-Rb and α-BRCA1 antibodies. (B) ChIP-qPCR analysis of Rb enrichment at the indicated
positions of the BRCA1 promoter region in untreated Jurkat T cells and cells treated 3 h with
1 µM doxorubicin compared to non-specific control (α-Gal4). (C) α-E2F-1 ChIP-qPCR
analysis of E2F-1 enrichment at the indicated positions of the BRCA1 promoter region in
untreated Jurkat T cells and cells treated 3 h with 1 µM doxorubicin compared to non-specific
control (α-Gal4). (D) Untreated Jurkat cells or cells treated with 1 µM doxorubicin were
analyzed by tandem BRCA1/E2F-1 ChIP using combinations of first ChIP with either non-
specific antibody (α-Gal4), or α-BRCA1 antibody followed by Re-ChIP of the
immunoprecipitated complexes with α-Gal4, α-BRCA1 or α-E2F-1. Mean enrichment and
error shown correspond to the average and standard deviation of the mean of at least two
independent experiments.
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Figure 6. BRCA1 assembles at the BRCA1 promoter in association with E2F-1 and Rb complexes
(A) BRCA1 enrichment by ChIP at BRCA1 promoter of untreated and Doxorubicin treated
Jurkat cells compared to untreated Rb-deficient Saos cells normalized to nonspecific IgG. Error
bar indicates standard error and mean from 2 independent experiments. (B) PC3 prostate cancer
cells stably over-expressing BRCA1 (PC3 BRCA1) or empty vector (PC3 pcDNA3) were co-
transfected with the BRCA1-luc reporter plasmid (pGL12) and wild type or the indicated
mutant E2F-1 expression vectors (see text). Error bars show the standard error of the mean
from 3 independent transfections. (C) BRCA1 regulation of the BRCA1 promoter depends on
the E2F binding sites. BRCA1 was over-expressed (left) or depleted (right) in cells transfected
with reporter plasmid containing wild type or mutated E2F transcription factor binding sites
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within the BRCA1 promoter sequences (see schematic diagram above). Result are the mean
and standard error from 3 independent transfections. (D) Hypothetical schematic diagram
depicting BRCA1 negative autoregulation by a complex containing BRCA1, E2F-1 and Rb at
the BRCA1 promoter, which is up-regulated by displacement/disruption of this complex at the
promoter to allow BRCA1 transcription in response to genotoxic stress. Note that E2F-1
complexes are rearranged but not completely lost from the promoter.
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