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BRCA2 is closely related to the pathogenesis of breast cancer.
In the present study, we found that estrogen can activateBRCA2
transcription, which is estrogen receptor (ER) �-dependent.
During estrogen treatment, ER� interacted with CREB-binding
protein/p300, p68/p72, and MyoD and formed an activating
transcriptional complex that couldbind tomanySp1 sites on the
BRCA2 promoter and activate its transcription by inducing his-
tone acetylations. MyoD is a new component of ER� complex.
ER�or p53 attenuatedER�-mediated transcriptional activation
by preventing the recruitment of ER� transcriptional complex
and histone acetylations on the BRCA2 promoter. ER� inter-
acted with ER� and CREB-binding protein/p300 and formed a
weak activating transcriptional complex that competed for
binding to Sp1 sites with ER� transcriptional complex and
slightly attenuated BRCA2 transcription. Different from ER�,
p53 interacted with HDAC1 and CtBP1 and formed an inhibit-
ing transcriptional complex that could compete for binding to
Sp1 sites with ER� transcriptional complex and inhibit BRCA2
transcription more significantly.

Breast cancer is the second leading cause of death in Ameri-
can women, accounting for more than 50,000 deaths each year.
The breast cancer and ovarian susceptibility genes 1 and 2
(BRCA1 and BRCA2)3 were identified based on their genetic
linkage to familial early onset of breast and ovarian cancer syn-
dromes (1–3). Mutations in the BRCA1 and BRCA2 are char-
acterized by predisposition to familial breast and ovarian can-
cer. However, reduced levels of wild-type BRCA1 and BRCA2
expression have been detected in a large percentage of sporadic

breast tumors in the absence of BRCA1 and BRCA2mutations
(4–6), suggesting that defects in transcriptional regulation of
the BRCA1 and BRCA2 genes contribute to sporadic breast and
ovarian tumorigenesis (7, 8). Detection of this transcriptional
regulation in cancer cells may provide a molecular mechanistic
basis for sporadic breast and ovarian tumor formation.
In addition to attenuation of BRCA1 and BRCA2 expression

by mutation or promoter hypermethylation, BRCA1 and
BRCA2 expression are also controlled by transcriptional factors
(9). There are only a few studies about the promoter transcrip-
tion of BRCA2. Nuclear factor-�B can activate the BRCA2 pro-
moter activity (10); p53 represses the BRCA2 promoter activity
and down-regulates BRCA2 mRNA and protein levels in
response to DNAdamage (11). So far, there is no report on how
estrogen receptor (ER) � activates BRCA2 transcription during
E2 treatment and how ER� or p53 attenuate the BRCA2 tran-
scription by competing with ER� transcriptional complex for
binding to Sp1 sites on the BRCA2 promoter region upstream
of the transcription start site. In this study, we investigated
changes in these complexes on theBRCA2promoter region and
their effects on BRCA2 transcription.

EXPERIMENTAL PROCEDURES

Cell Lines, Culture, Plasmids, and Transfection—Human
breast cancer cell lines MDA-MB-231 and MCF-7 were main-
tained in RPMI 1640 medium containing 10% fetal bovine
serum, 100 units/ml penicillin, and 100 �g/ml streptomycin at
37 °C in a humidified atmosphere containing 5% CO2 and 95%
air. Cells were checked routinely and found to be free of con-
tamination byMycoplasma or fungi. All the cell lines were dis-
carded after 3months, and new lineswere obtained from frozen
stocks.
BRCA2 promoter/luciferase construct pGL3-BRCA2 (�1470

to �129) was kindly provided by Dr. Penelope Miron of
the Department of Cancer Biology, Dana-Farber Cancer Insti-
tute, Harvard University. CBP and p300 expression vectors
were kindly provided by Dr. Changjiang Xu of Shanghai Inno-
vative Research Center of Traditional Chinese Medicine,
Shanghai, China. ER� and ER� expression vectors were kindly
provided by Dr. Yifeng Hou in our hospital. pcDNA3.0-CtBP1
plasmid was a gift from Dr. Yang Shi of Harvard Medical
School. p53 expression vector (pcDNA3.1-p53-Flag) was pur-
chased fromShanghaiGeneChemCo. Ltd. (Zhangjiang, Shang-
hai, China). MyoD expression vector (pCMV-MyoD) was pur-
chased from Origene Co. (Rockville, MD).
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Briefly for transient transfection, cells were seeded in 6-well
plates at a density of 4 � 105 cells/well. The following day, cells
were transfected with the indicated expression vector for 8 h.
Following transfection, cells were maintained in RPMI 1640
medium plus 5% charcoal-stripped fetal bovine serum (FBS)
and allowed to recover for 16 h. Cells were then treated in RPMI
1640 medium containing either control (ethanol vehicle) or 10
nM 17�-estradiol (E2) (Sigma) for the times indicated.
Reverse Transcription-PCR—Total RNA was extracted from

cells with TRIzol reagent (Invitrogen) and quantified by UV
absorbance spectroscopy. The reverse transcription reaction
was performed using the Superscript First-Strand Synthesis
System (Invitrogen) in a final volume of 20�l containing 5�g of
total RNA, 200 ng of random hexamers, 1� reverse transcrip-
tion buffer, 2.5 mMMgCl2, 1 mM deoxynucleotide triphosphate
mixture, 10 mM dithiothreitol, RNaseOUT recombinant ribo-
nuclease inhibitor, 50 units of superscript reverse transcriptase,
and diethyl pyrocarbonate-treated water. After incubation at
42 °C for 50 min, the reverse transcription reaction was termi-
nated by heating at 85 °C for 5 min. The newly synthesized
cDNAwas amplified by PCR. The reactionmixture contained 2
�l of cDNA template, 1.5 mMMgCl2, 2.5 units of Taq polymer-
ase, and 0.5 �M BRCA2 primer (5�-TGATCCAAAGGGTC-
CCAAAGTTTC-3� and 5�-TTCACAGCTTTTTGCAGAGC-
CTCACA-3�); glyceraldehyde-3-phosphate dehydrogenase
primer (5�-GCCAAAAGGGTCATCATCTC-3� and 5�-GTA-
GAGGCAGGGATGATGTTC-3�) was used as an internal con-
trol. Amplification cycles were as follows: 94 °C for 3 min, then
33 cycles at 94 °C for 1 min, 58 °C for 1 min, and 72 °C for 1.5
min followed by 72 °C for 10min.Aliquots of PCRproductwere
electrophoresed on 1.5% agarose gels, and PCR fragments were
visualized by ethidium bromide staining.
Western Blot Analysis—Cells were washed twice with phos-

phate-buffered saline (PBS) containing 1 mM phenylmethylsul-
fonyl fluoride and lysed in mammalian protein extraction
buffer (Pierce). The lysates were transferred to Eppendorf tubes
and clarified by centrifugation at 12,000 � g for 40 min at 4 °C.
Identical amounts (50 �g of protein) of cell lysates were
resolved by SDS-PAGE. The proteins were transferred to nitro-
cellulose. The membranes were incubated in blocking solution
consisting of 5% powered milk in PBST (PBS plus 0.1% Tween
20) at room temperature for 1 h and then immunoblotted with
BRCA2 (Millipore Corp., Billerica, MA), ER�, p53, MyoD
(Santa Cruz Biotechnology, Inc., Santa Cruz, CA), or tubulin
(Sigma-Aldrich) antibodies, respectively. Detection by
enzyme-linked chemiluminescence was performed according
to the manufacturer’s protocol (ECL, Amersham Biosciences).
ChIP Assay and ChIP-ReChIP—ChIP assays were carried out

according to the manufacturer’s protocol (Active Motif, Carls-
bad, CA). Briefly cells in 150-mm tissue culture dishes were
fixed with 1% formaldehyde and incubated for 10 min at 37 °C.
The cells were then washed twice with ice-cold PBS, harvested,
and resuspended in ice-cold TNT lysis buffer (20mMTris-HCl,
pH 7.4, 200 mM NaCl, 1% Triton X-100, 1 mM phenylmethyl-
sulfonyl fluoride, 1% aprotinin). The lysates were sonicated to
shear the DNA to fragments of 200–600 bp and subjected to
immunoprecipitation with the following antibodies, respec-
tively, CBP (Chemicon, Rosemont, IL), Sp1, ER�, ER�, p53,

MyoD (Santa Cruz Biotechnology, Inc.), acetylated histone H3
(Abcam Inc., Cambridge, MA), histone deacetylase (HDAC) 1,
p300, CtBP1, acetylated histone H2A, acetylated histone H2B,
acetylated histone H4 (Millipore Corp.), or IgG (Santa Cruz
Biotechnology, Inc.) as negative control. 3 �g of antibody was
used for each immunoprecipitation. The antibody�protein
complexes were collected by Protein G beads and washed three
timeswithChIPwash buffer (5% SDS, 1mMEDTA, 0.5% bovine
serum albumin, 40 mM NaHPO4, pH 7.2). The immune com-
plexes were eluted with 1% SDS and 1 M NaHCO3, and the
cross-links were reversed by incubation at 65 °C for 4 h in the
presence of 200mMNaCl and RNase A. The samples were then
treated with proteinase K for 2 h, and DNA was purified by
minicolumn, ethanol-precipitated, and resuspended in 100 ml
of H2O. The primers corresponding to the BRCA2 promoter
region �191 and �30 upstream of the transcription start site
(sense, 5�-AGGGTCAGCGAGAAGA-3�; and antisense,
5�-CTGCCGCCTAGTTTCA-3�) (221 bp) were used for PCR
to detect the presence of the BRCA2 promoter DNA. As nega-
tive controls, we tested for the recruitment of ER�, CBP, p300,
and MyoD at exon 7 of the BRCA2 gene using the primers
(sense, 5�-AGCATTCTGCCTCATACAGG-3�; and antisense,
5�-TCAACCTCATCTGCTCTTTCTT-3�) (284 bp).
In brief, for ChIP-reChIP assay after sonication, chromatin

was incubated overnight with 5 �g of ER�, ER�, or p53 anti-
body, respectively, or IgG as negative control. After several
washings, the beads were incubated with 50 �l of buffer con-
taining 0.5% SDS and 0.1 M NaHCO3 for 10 min at 65 °C. The
supernatant was collected after spinning; diluted with 1 mM
EDTA, 150 mM NaCl, 50 mM HEPES, pH 7.5, 0.1% SDS, 1%
Triton X-100, 0.1% sodium deoxycholate; and incubated with 3
�g of the CBP, p300, MyoD, Sp1, HDAC1, or CtBP1 antibody,
respectively, overnight. After washing, protein�DNA com-
plexes were eluted from beads and treated with proteinase K
overnight. DNAwas purified with a minicolumn, and the DNA
binding to the BRCA2 endogenous promoter was quantified by
PCR using the primers described above.
siRNA and Transfection—MyoD siRNA and non-targeting

siRNA were purchased from Santa Cruz Biotechnology, Inc.
Cells in exponential phase of growth were plated in 6-well
plates at 5� 105 cells/well, grown for 24 h, and then transfected
with MyoD-targeted siRNA or non-targeting siRNA at a
final concentration of 100 nM using Oligofectamine and
Opti-MEM I reduced serum medium (Invitrogen) according
to the manufacturer’s protocol. Silencing was examined 48 h
after transfection.
Luciferase Reporter Gene Assay—In these experiments,

MDA-MB-231 or MCF-7 cells were seeded in 6-well plates at a
density of 1–2� 105 cells/well and cultured for 24 h. Cells were
then transfected with the BRCA2 promoter/luciferase con-
struct (0.5 �g/well) or co-transfected with 0.5 �g of pcDNA3.0,
ER�, CBP, p300, MyoD, ER�, p53, or CtBP1 expression vector,
respectively, together with 20 ng of control Renilla luciferase
reporter construct pRL-TK (Promega, Madison,WI). The total
amount of DNA per well was adjusted to 1.5 �g by the addition
of sonicated salmon sperm DNA. Luciferase assays were per-
formed as recommended by the vendor (Promega) and normal-
ized relative to protein concentration as determined by the
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bicinchoninic acid protein assay (Pierce). The promoter activity
was then expressed as luminescence units, which was the ratio
of luminescence counts of cell lysate and the absorbance at 595
nm for the same amount of cell lysate stained with bicincho-
ninic acid protein assay reagent.
Mutagenesis—BRCA2 promoter/luciferase construct (�1470

to �129) was used as template. Plasmid DNA was methylated
with DNA methylase at 37 °C for 1 h. The plasmid was ampli-
fied in a mutagenesis reaction with two overlapping primers,
one of which contained the target mutation. The product was
linear, double-stranded DNA containing the mutation. The
mutagenesis mixture was transformed into wild-type Esche-
richia coli. The host cell circularized the linear mutated DNA,
and McrBC endonuclease in the host cell digested the methyl-
ated template DNA, leaving only unmethylated, mutated prod-
uct. For individual mutations, the sequences of Sp1-binding
sites were mutated as follows: CGCGGG (sp1A site, �9 to �4)
was converted toGAGAAA,GGGTGG (sp1B site,�55 to�50)
was converted toAAAGAG, andCCCACCC (sp1C site,�75 to
�69) was converted to CCCATTC.
In Vivo Co-immunoprecipitation (co-IP) Assays—Approxi-

mately 1 � 107 exponentially growing MCF-7 cells or the ER�-,
ER�-, MyoD-, p53-, or CtBP1-transfected MCF-7 cells were har-
vested 24 h later, washed in cold PBS, and resuspended in 1 ml of
lysis buffer (1% Nonidet P-40, 150 mM NaCl, 1 mM phenylmeth-
ylsulfonyl fluoride, 1 �g/ml aprotinin, 1 �g/ml pepstatin A, 50
mM Tris-HCl, pH 8.0). The cell lysate (2 mg of protein) was
incubated on ice for 20 min and clarified by centrifugation.
ER�, ER�, MyoD, p53, or CtBP1 antibodies were added to
achieve a 5�g/ml final concentration, respectively, and incuba-
tion was continued for 1 h at 4 °C. To precipitate the immune
complexes, 50 �l of Protein G-Sepharose 4 Fast Flow beads
(Amersham Biosciences) was added to the lysate with incuba-
tion for 1 h at 4 °C. The immune complexes were pelleted by
centrifugation; washed extensively with lysis buffer and a final
wash with 50 mM Tris-HCl, pH 8.0; and resuspended in SDS
sample buffer for analysis by Western blot. To detect proteins
in the immune complexes, the following antibodies were used
respectively inWestern blot: CBP (Chemicon), Sp1, ER�, ER�,
p53, p68, MyoD, CtBP1, CtBP2 (Santa Cruz Biotechnology,
Inc.), HDAC1, p300, CtBP1 (Millipore Corp.), and p72 (Novus
Biologicals, Inc., Littleton, CO).
Statistical Analysis—Data shown represent means � S.D.

Statistical analyses for detection of significant differences
between the control and experimental groups were carried out
using Student’s t test.

RESULTS

Estrogen Activates BRCA2 Promoter Activity—To test
whether E2 could induce BRCA2 expression, MCF-7 cells were
precultured for 4 days in phenol red-free RPMI 1640 medium
containing 5% charcoal dextran-stripped FBS (Hyclone Labo-
ratories, Logan, UT), and then MCF-7 cells were cultured for
24 h in RPMI 1640mediumplus 10 nME2. Fig. 1A shows that, as
compared with control MCF-7 cells, the level of the endoge-
nous BRCA2 mRNA in the cells with E2 treatment at 24 h
increased as determined by reverse transcription-PCR. Fig. 1B
shows that, as compared with control MCF-7 cells, the level of

the endogenousBRCA2 protein in the cells with E2 treatment at
24 h increased as determined by Western blot.
In transient transfection assays with ER�-positive MCF-7

breast cancer cells, we found that E2 stimulated BRCA2 pro-
moter activity at the 24-h time point significantly (Fig. 1C). In
transient transfection assays with ER�-negativeMDA-MB-231
breast cancer cells, we found that E2 could not stimulateBRCA2
promoter activity at the 24-h time point. However, BRCA2

FIGURE 1. E2 induces BRCA2 expression in MCF-7 cells. A and B, E2 induces
BRCA2 mRNA and protein levels in MCF-7 cells. MCF-7 cells were precultured
for 4 days in phenol red-free RPMI 1640 medium containing 5% charcoal
dextran-stripped FBS, and then MCF-7 cells were cultured for 24 h in RPMI
1640 medium plus 10 nM E2. A, mRNA expression levels of BRCA2. B, protein
expression levels of BRCA2. C, E2 induces BRCA2 promoter activity in tran-
siently transfected MCF-7 cells. MCF-7 cells were precultured for 4 days in
phenol red-free RPMI 1640 medium containing 5% charcoal dextran-stripped
FBS, and then BRCA2 promoter construct (pGL3-BRCA2) was transiently trans-
fected into MCF-7 cells, and cells were cultured for 24, 48, or 72 h in RPMI 1640
medium or RPMI 1640 medium plus 10 nM E2. Luciferase activity in the cells
treated with E2 was compared with that in the control cells. **, p � 0.01. D, E2
induces BRCA2 promoter activity with the help of ER� in transiently trans-
fected MDA-MB-231 cells. MDA-MB-231 cancer cells were co-transfected with
pGL3-BRCA2 with ER� expression vector or an empty vector (pcDNA3). Trans-
fected cells were cultured for 24 h in RPMI 1640 medium or RPMI 1640
medium plus 10 nM E2. GAPDH, glyceraldehyde-3-phosphate dehydrogenase.
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transcription became responsive to E2 following co-transfec-
tion with various amounts of ER� expression vector (Fig. 1D).
Estrogen Stimulates Histone Acetylations and the Recruit-

ment of ER�, CBP/p300, MyoD, and Sp1 on the BRCA2 Pro-
moter Region—In this study, we investigated whether or not E2
stimulated the recruitment of some transcriptional factors to
the BRCA2 promoter. ChIP experiments showed that E2 stim-
ulated the recruitment of ER� to the BRCA2 promoter. This
was accompanied by the recruitment of CBP/p300, MyoD, and
Sp1 to the BRCA2 promoter (Fig. 2A). Control experiments
indicated that the co-incubation of cross-linked chromatin
with preimmune IgG did not gen-
erate a corresponding BRCA2
amplification product. Neither did
E2 stimulate the recruitment of
ER�, CBP/p300, or MyoD to the
coding region of exon 7 in the
BRCA2 gene (Fig. 2B).
To demonstrate that ER� was

recruited to the BRCA2 promoter
through interaction with CBP,
p300, MyoD, and Sp1, we per-
formed ChIP-reChIP assays. Cross-
linked and fragmented chromatin
was prepared fromMCF-7 cells and
sequentially subjected to the first
step ChIP with ER� antibody and
the second step immunoprecipita-
tion with CBP, p300, MyoD, and
Sp1 antibody, respectively. As
shown in Fig. 2C, the two-step
ChIP-reChIP successfully precipi-
tated the BRCA2 promoter, indicat-
ing that ER�, CBP/p300,MyoD, and
Sp1 formed a protein complex on
the BRCA2 promoter.

In the above experiments, we
detected that CBP/p300 and ER�
formed a complex and bound to the
BRCA2 promoter. Because CBP and
p300 are histone acetyltransferases,
next we investigated whether
treatment of E2 might affect his-
tone acetylation on the BRCA2
promoter. ChIPs with antibodies
against acetyl-H2A, acetyl-H2B,
acetyl-H3, and acetyl-H4 were per-
formed between E2-treated MCF-7
cells and untreated control MCF-7
cells. In cells treated by E2, increases
of acetyl-H2A, acetyl-H2B, acetyl-
H3, and acetyl-H4 were found (Fig.
2D). These results indicated that
CBP and p300 bound to the BRCA2
promoter and that CBP/p300 might
induce specific changes of histone
acetylation levels on the BRCA2
promoter during E2 treatment.

To identify the roles of ER�, p300, CBP, and MyoD in
regulating BRCA2 promoter transcription, we co-transfected
the BRCA2 promoter/luciferase construct with ER�, CBP,
p300, or MyoD expression vector, respectively. Fig. 2E shows
that the luciferase activity was enhanced significantly by ER�,
p300, CBP, andMyoD, further indicating that ER�, p300, CBP,
and MyoD were involved in the activation of the BRCA2 pro-
moter during E2 treatment.

To further analyze the role ofMyoD in BRCA2 transcription,
we knocked down the expression of MyoD with siRNA and
determined whether inhibition of MyoD expression would
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influence BRCA2 transcription. Fig. 2F shows that the expres-
sion of MyoD was significantly inhibited by MyoD siRNA. Fig.
2G shows that inhibition of MyoD expression by siRNA atten-
uated the E2-induced activation of BRCA2 promoter activity in
MCF-7 cells.
Overexpression of ER� or p53 Attenuates BRCA2 Expression

and the Recruitment of ER�, CBP/p300, MyoD, and Histone
Acetylations on the BRCA2 Promoter Region Induced by E2—To
test the effect of ER� or p53 on BRCA2 expression, we precul-
tured MCF-7 cells for 4 days in phenol red-free RPMI 1640
medium containing 5% charcoal dextran-stripped FBS
(Hyclone Laboratories), and then transfected ER�, p53, or
pcDNA3 vector, respectively, into the MCF-7 cells. Cells were
cultured for 6 h, and then the mediumwas replaced with RPMI
1640 medium plus 10 nM E2 for 24 h. Western blot analysis
demonstrated that overexpression of ER� or p53 in MCF-7
cells reduced the expression level ofBRCA2 induced by E2 com-
pared with MCF-7 cells transfected with the empty plasmid
pcDNA3. p53 reduced BRCA2 expression more significantly
than did ER� (Fig. 3A).
In transient transfection experiments with MCF-7 cells, we

found that E2-induced BRCA2 promoter activity was attenu-
ated following co-transfection with ER� or wild-type p53
expression vector. p53 reduced BRCA2 promoter activity more
significantly than did ER� (Fig. 3B).
As seen in Fig. 3C, ChIP experiments showed that both ER�

and p53 could attenuate the recruitment of ER�, CBP/p300,
and MyoD to the BRCA2 promoter region stimulated by E2.
Different from ER�, p53 repressed the recruitment of ER�,
CBP/p300, and MyoD to the BRCA2 promoter region more
significantly.
ChIP experiments also showed that both ER� and p53 atten-

uated histone acetylations of H2A, H2B, H3, and H4 on the
BRCA2 promoter region stimulated by E2. Different from ER�,
p53 repressed histone acetylations more significantly (Fig. 3D).
In transient transfection experiments with MCF-7 cells, we
found that both ER� and ER� increased BRCA2 promoter
activity, but ER� only increased BRCA2 promoter activity
slightly compared with ER�, whereas p53 repressed BRCA2
promoter activity significantly (Fig. 3E).

Detection of ER� or p53 Complex on the BRCA2 Promoter—
Todetermine the potential ER� transcriptional complex, expo-
nentially growing MCF-7 cells were transfected with ER�
expression vector. ChIP assays demonstrated that ER� could
bind directly to the BRCA2 promoter (Fig. 4A). ChIP-reChIP
assays demonstrated that ER� could interact with ER� and
form a heterodimer on the BRCA2 promoter; at the same time,
ER� could interact with CBP/p300 and form a protein complex
on the BRCA2 promoter, but ER� could not interact with
MyoD on the BRCA2 promoter (Fig. 4B).
To determine the potential p53 transcriptional complex,

exponentially growing MCF-7 cells were transfected with p53
expression vector. ChIP assays demonstrated that p53 could
bind directly to the BRCA2 promoter; this was accompanied by
recruitment of HDAC1 and CtBP1 to the BRCA2 promoter
(Fig. 4C). ChIP-reChIP assays demonstrated that p53 could
interact with HDAC1 and CtBP1 and form a protein complex
on the BRCA2 promoter (Fig. 4D). These results indicated that
p53 might recruit HDAC1 and CtBP1 and form an inhibiting
transcriptional complex on the BRCA2 promoter.
To test whether HDAC1 or CtBP1 was involved in the p53-

induced repression of BRCA2 promoter activity, we chose
CtBP1 and tested its role in regulating BRCA2 promoter activ-
ity. We transfected p53 and CtBP1 expression vectors into
MCF-7 cells and found that both p53 and CtBP1 could inhibit
BRCA2 promoter activity. p53 and CtBP1 could synergistically
repress BRCA2 promoter activity more significantly (Fig. 4E).
Detection of ER�, ER�, MyoD, p53, and CtBP1 Transcrip-

tional Complex in Vivo—To confirm the potential ER� tran-
scriptional complex, MCF-7 cells were transfected with ER�
expression vector. ER�was immunoprecipitatedwith anti-ER�
antibody, and the immunoprecipitated proteins were separated
by electrophoresis and analyzed by Western blot. As shown in
Fig. 5A, CBP, p300, and MyoD were co-precipitated by anti-
ER� antibody in extracts of cells transfected with ER�, indicat-
ing that ER� interacted with CBP/p300 andMyoD. The results
also showed that Sp1was co-precipitated by anti-ER� antibody,
indicating that ER� complex might bind to the Sp1 site. But
ER� was not co-precipitated by anti-ER� antibody.

FIGURE 2. ER�, CBP/p300, and MyoD increase BRCA2 promoter activity in MCF-7 cells during E2 treatment. A, binding of ER�, CBP/p300, MyoD, and Sp1
to the BRCA2 promoter in MCF-7 cells with E2 treatment. MCF-7 cells were precultured for 4 days in phenol red-free RPMI 1640 medium containing 5% charcoal
dextran-stripped FBS, and then MCF-7 cells were cultured for 24 h in RPMI 1640 medium plus 10 nM E2. Nucleic extracts were prepared from MCF-7 cells or
MCF-7 cells treated with 10 nM E2. ChIP assays were performed using antibody against ER�, CBP, p300, MyoD, and Sp1, respectively, as described under
“Experimental Procedures.” The primers corresponding to the BRCA2 promoter region �191 and �30 upstream of the transcriptional start site were used for
PCR to detect the presence of the BRCA2 promoter DNA. Con, control. B, ER�, CBP/p300, and MyoD cannot bind to exon 7 in the BRCA2 gene in MCF-7 cells with
E2 treatment. Con, control. ChIP assays were performed using antibody against ER�, CBP, p300, and MyoD, respectively, as described above. The primers
correspond to the BRCA2 exon 7 region. C, detection of ER� complex on the BRCA2 promoter. A ChIP-reChIP assay was performed in MCF-7 cells with E2
treatment. Chromatin was incubated with ER� antibody and then immunoprecipitated sequentially with CBP, p300, MyoD, or Sp1 antibody. The BRCA2
promoter DNA bound to ER�/CBP, ER�/p300, ER�/MyoD, or ER�/Sp1 was amplified by PCR. Con, control. D, histone modifications on the BRCA2 promoter.
Nucleic extracts were prepared from MCF-7 cells or MCF-7 cells treated with E2. ChIP assays were performed using antibody against acetyl-H2A, acetyl-H2B,
acetyl-H3, and acetyl-H4, respectively, as described under “Experimental Procedures.” Con, control. E, activation of the BRCA2 promoter by ER�, CBP, p300, and
MyoD. MCF-7 cells were plated in 6-well tissue culture plates and then co-transfected with 0.5 �g of pGL3-BRCA2 with 0.5 �g of ER�, CBP, p300, or MyoD
expression vector or pcDNA3 control vector. Renilla luciferase reporter construct pRL-TK (20 ng) was used as an internal control for transfection efficiency. Forty
hours after transfection, luciferase activity was measured with equivalent amounts of protein extracts. Luciferase activity of the BRCA2 promoter was normal-
ized to the activity of a co-transfected Renilla luciferase expression vector and protein content. Luciferase activity in the cells transfected with ER�, CBP, p300,
or MyoD expression vector was compared with that in the cells transfected with pcDNA3 control vector. **, p � 0.01. F, effect of siRNA on MyoD expression in
MCF-7 cells. MCF-7 cells were transfected with control siRNA or MyoD siRNA for 48 h, and then Western blot was performed. G, reduction of MyoD expression
by siRNA attenuates the E2-induced BRCA2 promoter activity in MCF-7 cells. BRCA2 promoter construct (pGL3-BRCA2) was transiently co-transfected with MyoD
siRNA or non-targeting siRNA (Control siRNA) into MCF-7 cells, cells were cultured for 24 h and then exposed to 10 nM E2 for 24 h, and luciferase activity was
detected. Luciferase activity in the cells treated with MyoD siRNA was compared with that in the cells treated with non-targeting siRNA. *, p � 0.05.
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To confirm the potential ER� transcriptional complex,
MCF-7 cells were transfected with ER� expression vector. ER�
was immunoprecipitated with anti-ER� antibody. As shown in
Fig. 5B, CBP/p300 was co-precipitated by anti-ER� antibody in
extracts of cells transfected with ER�, indicating that ER�
interacted with CBP/p300 in vivo. MyoD was not co-precipi-
tated by anti-ER� antibody, indicating that ER� could not
interact withMyoD. ER�was co-precipitated by anti-ER� anti-

body, indicating that ER� and ER�
could form a heterodimer. The
results also showed that Sp1 was co-
precipitated by anti-ER� antibody,
indicating that ER�/ER� het-
erodimermight bind to the Sp1 site.
To determine the potential

MyoD transcriptional complex,
MCF-7 cells were transfected with
MyoDexpression vector.MyoDwas
immunoprecipitated with anti-
MyoD antibody. As shown in Fig.
5C, ER�, p68, and p72 were co-pre-
cipitated by anti-MyoD antibody in
extracts of cells transfected with
MyoD, indicating that MyoD inter-
acted with ER�, p68, and p72. ER�
was not co-precipitated by anti-
MyoD antibody, indicating that
ER� could not interact with MyoD
in vivo.
To confirm the potential p53

transcriptional complex, MCF-7
cells were transfected with p53
expression vector. p53 was immu-
noprecipitated with anti-p53 anti-
body. As shown in Fig. 5D, HDAC1
and CtBP1 were co-precipitated by
anti-p53 antibody, indicating that
p53 interacted with HDAC1 and
CtBP1. The results also showed that
Sp1 was co-precipitated by anti-p53
antibody, indicating that p53 com-
plex might bind to the Sp1 site.
To determine the potential

CtBP1 transcriptional complex,
MCF-7 cells were transfected with
CtBP1 expression vector. CtBP1
was immunoprecipitated with
anti-CtBP1 antibody. As shown in
Fig. 5E, HDAC1, p53, and CtBP2
were co-precipitated by anti-
CtBP1 antibody, indicating that
CtBP1 interacted with HDAC1,
p53, and CtBP2.
Many Sp1-binding Sites on the

BRCA2PromoterRegionAppear toBe
Important for ER�-, ER�-induced
Transcription Activation or p53-in-
duced Transcription Inhibition—In

all, we found eight Sp1 sites from �462 to �1 bp on the
BRCA2 promoter as shown in Table 1. To determine the
potential roles of these Sp1 elements in regulation of BRCA2
gene transcription, we individually and combinatorially
mutated the three Sp1 sites (Sp1A, Sp1B, and Sp1C) close to
the transcriptional start site on the BRCA2 promoter and
examined ER�-, ER�-, or p53-induced BRCA2 promoter
activity in MCF-7 cells.

FIGURE 3. Overexpression of ER� or p53 attenuates BRCA2 expression and the recruitment of ER�, CBP/
p300, MyoD, and histone acetylations on the BRCA2 promoter region induced by E2. A, overexpression of
ER� or p53 in MCF-7 cells attenuates BRCA2 expression induced by E2. MCF-7 cells were precultured for 4 days
in phenol red-free RPMI 1640 medium containing 5% charcoal dextran-stripped FBS, then ER� or p53 expres-
sion vector was transiently transfected into MCF-7 cells, and cells were cultured for 6 h. Then the medium was
replaced with RPMI 1640 medium plus 10 nM E2 for 24 h, and Western blot analysis was performed. B, ER�
increases BRCA2 promoter activity induced by E2, and ER� or p53 attenuates BRCA2 promoter activity induced
by E2. MCF-7 cells were precultured as in A. Then BRCA2 promoter construct (pGL3-BRCA2) was transiently
co-transfected with ER�, ER�, or p53 expression vector or pcDNA3 control vector, respectively, into MCF-7 cells,
and cells were cultured for 24 h in RPMI 1640 medium or RPMI 1640 medium plus 10 nM E2. Luciferase activity
in the cells transfected with ER�, ER�, or p53 expression vector was compared with that in the cells transfected
with pcDNA3 control vector. *, p � 0.05; **, p � 0.01. C, ER� or p53 attenuates the recruitment of ER�, p300, CBP,
and MyoD to the BRCA2 promoter region stimulated by E2. MCF-7 cells were precultured as in A, and then ER�
or p53 expression vector was transiently transfected with into MCF-7 cells. Cells were cultured for 24 h in RPMI
1640 medium or RPMI 1640 medium plus 10 nM E2. ChIP assays were performed using antibody against ER�,
p300, CBP, and MyoD as described under “Experimental Procedures.” Con, pcDNA3. D, ER� or p53 attenuates
histone acetylations on the BRCA2 promoter region stimulated by E2. MCF-7 cells were treated as in C. ChIP
assays were performed using antibody against acetylated histones H2A, H2B, H3, and H4 as described under
“Experimental Procedures.” Con, pcDNA3. E, ER� or ER� increases BRCA2 promoter activity, and p53 represses
BRCA2 promoter activity. MCF-7 cells were precultured as in A, and then BRCA2 promoter construct (pGL3-
BRCA2) was transiently co-transfected with ER�, ER�, or p53 expression vector or pcDNA3 control vector,
respectively, into MCF-7 cells. Cells were cultured for 24 h. Luciferase activity in the cells transfected with ER�,
ER�, or p53 expression vector was compared with that in the cells transfected with pcDNA3 control vector. **,
p � 0.01.
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As shown in Fig. 6, A and B, relative to the control wild-type
BRCA2 promoter construct, when co-transfected with ER� or
ER�, mutation of any one of the three Sp1 sites resulted in low
levels of decreased BRCA2 promoter activity. Mutations of any
two Sp1 sites simultaneously caused a further decrease of
BRCA2 promoter activity, and the combined mutations of all
three Sp1 sites resulted in maximal levels of decreased BRCA2
promoter activity. These results suggested that all three Sp1
sites contributed in a concerted mechanism to the ER�- or
ER�-induced transcription of BRCA2 gene and that ER� or
ER� activated BRCA2 transcription by binding to a number of
Sp1 sites on the BRCA2 promoter.
As shown in Fig. 6C, relative to the control wild-type BRCA2

promoter construct, when co-transfectedwith p53,mutation of
any one of the three Sp1 sites resulted in low levels of increased
BRCA2 promoter activity. Mutations of any two Sp1 sites
simultaneously caused a further increase of BRCA2 promoter
activity, and the combined mutations of all three Sp1 sites
resulted in maximal levels of increased BRCA2 promoter activ-

ity. These results suggested that all
three Sp1 sites contributed in a con-
certed mechanism to the p53-re-
duced transcription of BRCA2 gene
and that p53 inhibited BRCA2 tran-
scription by binding to a number of
Sp1 sites on the BRCA2 promoter.

DISCUSSION

Estrogens influence the patholog-
ical processes of hormone-depend-
ent diseases, such as breast, endo-
metrial, and ovarian cancers as well
as osteoporosis (12). The biological
actions of estrogens aremediated by
binding to one of two specific ERs,
ER� or ER�, which belong to the
nuclear receptor superfamily, a
family of ligand-regulated tran-
scription factors (13).
It is reported that E2 can elevate

BRCA2mRNA levels in BT-483 and
MCF-7 breast cancer cell lines (14).
So we detected the potential tran-
scriptional complex influencing the
BRCA2 promoter activity during E2
treatment. In this study, we found
that E2 could elevate BRCA2mRNA
and protein levels in humanMCF-7
breast cancer cells. We also found
that E2 induced BRCA2 promoter
activity in ER�-positive MCF-7
breast cancer cells but E2 could not
induce BRCA2 promoter activity in
ER�-negative MDA-MB-231 breast
cancer cells. However, BRCA2 tran-
scription became responsive to E2
following co-transfection with vari-
ous amounts of ER� expression vec-

tor inMDA-MB-231 cells. These results indicated that ER�was
required and essential in the E2-dependent regulation of
BRCA2 transcription.

ChIP and ChIP-reChIP assays demonstrated that ER� could
interact with p300, CBP, and MyoD and form an activating
transcriptional complex on the BRCA2 promoter during E2
treatment; this was confirmed by co-IP assays in vivo. ER�,
p300, CBP, andMyoD activated BRCA2 promoter activity, fur-
ther indicating that ER�, p300, CBP, and MyoD were synergis-
tically involved in the activation of theBRCA2 promoter during
E2 treatment.

In this study, we found that MyoD is a new component of
ER� complex. Overexpression of MyoD increased BRCA2 pro-
moter activity, and inhibition of MyoD expression by siRNA
attenuated the E2-induced activation ofBRCA2 promoter, indi-
cating thatMyoDplayed an important role in activatingBRCA2
transcription. ChIP-reChIP assays demonstrated that ER�
could interact with MyoD on the BRCA2 promoter, but ER�
could not interact with MyoD on the BRCA2 promoter; co-IP

FIGURE 4. Detection of ER� or p53 complex on the BRCA2 promoter. A, ER� binding to the BRCA2 promoter
in MCF-7 cells transfected with ER� expression vector. MCF-7 cells were precultured as in Fig. 3A, then ER�
expression vector was transiently transfected into MCF-7 cells, and cells were cultured for 24 h. ChIP assays
were performed using antibody against ER� as described under “Experimental Procedures.” Con, pcDNA3.
B, detection of ER� complex on the BRCA2 promoter. A ChIP-reChIP assay was performed in MCF-7 cells trans-
fected with ER� vector. Chromatin was incubated with ER� antibody and then immunoprecipitated sequen-
tially with ER�, CBP, p300, and MyoD antibodies. The BRCA2 promoter DNA bound to ER�/ER�, ER�/CBP,
ER�/p300, or ER�/MyoD was amplified by PCR. Con, pcDNA3. C, binding of p53, HDAC1, and CtBP1 to the BRCA2
promoter in MCF-7 cells transfected with p53 vector. MCF-7 cells were precultured as in Fig. 3A, then p53
expression vector was transiently transfected into MCF-7 cells, and cells were cultured for 24 h. ChIP assays
were performed using antibody against p53, HDAC1, and CtBP1 as described under “Experimental Proce-
dures.” Con, pcDNA3. D, detection of p53 complex on the BRCA2 promoter. A ChIP-reChIP assay was performed
in MCF-7 cells transfected with p53 vector. Chromatin was incubated with p53 antibody and then immuno-
precipitated sequentially with HDAC1 and CtBP1 antibodies. The BRCA2 promoter DNA bound to p53/HDAC1
and p53/CtBP1 was amplified by PCR. Con, pcDNA3. E, p53 and CtBP1 synergistically represses BRCA2 promoter
activity. MCF-7 cells were precultured as in Fig. 3A, then BRCA2 promoter construct (pGL3-BRCA2) was tran-
siently co-transfected with p53 or CtBP1 expression vector or pcDNA3 control vector into MCF-7 cells, and cells
were cultured for 24 h. Luciferase activity in the cells transfected with p53 or CtBP1 expression vector was
compared with that in the cells transfected with pcDNA3 control vector. *, p � 0.05; **, p � 0.01.
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assays confirmed that MyoD could interact with ER� but not
ER� in vivo. Co-IP assays also demonstrated that MyoD could
interact with p68/p72 and ER�. It is reported that p68/p72

directly bind the SRC-1/TIF2 family proteins and ER� but not
ER� (15, 16), and MyoD interacts with p72/p68 (17). Based on
these reports and our experiments, we concluded that MyoD is
a new component of ER� complex and involved in E2-induced
BRCA2 transcription. p68/p72 could interact with MyoD and
form a part of the ER� transcriptional complex.

The best studied histone modification involved in transcrip-
tional activation is acetylation. Levels of acetylated histones
have been correlated with the transcription status of many
genes. Transcriptionally active chromatin regions of the
genome are often associated with hyperacetylated histones,
whereas transcriptionally silent regions are associated with
hypoacetylated histones. CBP and p300 are histone acetyltrans-
ferases and key regulators in the assembly and mobilization of
the basal transcription machinery. CBP and p300 are identified
as transcriptional co-activators, and they catalyze acetylation of
all four core histones (18, 19), which is believed to aid in chro-
matin remodeling and promote target gene transcription (20).
Conversely competition for CBP/p300 binding has been sug-
gested to mediate some examples of signal-induced transcrip-
tional repression (21). Our experiments showed that histones
H2A, H2B, H3, andH4were acetylated in the BRCA2 promoter
induced by E2 because CBP and p300 were recruited by ER� to
the BRCA2 promoter, and CBP/p300 might be responsible for
specific changes of histone acetylation levels on the BRCA2
promoter during E2 treatment.

In the following experiments, we found that overexpression
of ER� or p53 attenuated BRCA2 expression induced by E2
through Western blot and promoter activity assay. During
these processes, ChIP experiments demonstrated that ER�,
p53, HDAC1, or CtBP1 could bind to the BRCA2 promoter; at
the same time, ER�, CBP, p300, and MyoD were released from
the promoters, and histones were deacetylated. These results
indicated that ER� or p53 attenuated BRCA2 transcription by
inhibition of the recruitment of activating transcriptional fac-
tors and histone acetylations.
ER� displayed a weak transcriptional potency in this context

comparedwith ER�, and ER� could neutralize theBRCA2 tran-
scriptional activation induced by ER� during E2 treatment.
This probably occurred as a consequence of the formation of a
heterodimeric complex between ER� and ER� on the BRCA2
promoter. Our co-IP and ChIP-reChIP assays demonstrated
that ER� interacted with ER�, CBP/p300, and Sp1, indicating
that ER� and ER� formed a heterodimer, which interactedwith
CBP/p300 and formed a weak activating transcriptional com-
plex to bind to Sp1 sites on the BRCA2 promoter. ER�-induced
gene activation requires the combination of its two activation
parts (AF-1 andAF-2) for synergistic transcriptional activation,
but the individual regions exhibit independent activity in a cell
type- and promoter-dependent manner (22). Unlike ER�, ER�
contains a weaker N-terminal AF-1, whichmay possess repres-
sive activity (23).
HDAC and histone acetyltransferase are enzymes that influ-

ence transcription by selectively deacetylating or acetylating
the core histone proteins. Chromatin acetylation correlates
with transcriptional activity, whereas chromatin deacetylation
correlates with gene silencing. CtBP1 can interact withHDAC1
and HDAC2 and form a transcriptional complex that sup-

FIGURE 5. Detection of ER�, ER�, MyoD, p53, or CtBP1 transcriptional com-
plex, respectively, by co-IP assays. The process was described under “Experi-
mental Procedures.” A, cell lysates extracted from ER�-overexpressing MCF-7
cells were subjected to immunoprecipitation with IgG or ER� antibody followed
by immunoblotting with ER�, CBP, p300, MyoD, Sp1, or ER� antibody, respec-
tively. B, cell lysates extracted from ER�-overexpressing MCF-7 cells were sub-
jected to immunoprecipitation with IgG or ER� antibody followed by immuno-
blotting with ER�, CBP, p300, MyoD, Sp1, or ER� antibody, respectively. C, cell
lysates extracted from MyoD-overexpressing MCF-7 cells were subjected to
immunoprecipitation with IgG or MyoD antibody followed by immunoblotting
with MyoD, p68, p72, ER�, or ER� antibody, respectively. D, cell lysates extracted
from p53-overexpressing MCF-7 cells were subjected to immunoprecipitation
with IgG or p53 antibody followed by immunoblotting with HDAC1, CtBP1, Sp1,
or p53 antibody, respectively. E, cell lysates extracted from CtBP1-overexpressing
MCF-7 cells were subjected to immunoprecipitation with IgG or CtBP1 antibody
followed by immunoblotting with HDAC1, p53, CtBP1, and CtBP2 (Santa Cruz
Biotechnology, Inc.) antibodies, respectively.

TABLE 1
Sp1 sites on the BRCA2 promoter

No.
BRCA2

Region Sp1
bp

1 �4 to �9 CGCGGG
2 �50 to �55 GGGTGG
3 �69 to �75 CCCACCC
4 �80 to �85 CCCGCA
5 �205 to �210 GGGTGG
6 �220 to �228 GGGCGGCCC
7 �287 to �292 GGGCGC
8 �441 to �446 CCCGCC
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presses gene transcription (24). Our
results demonstrated that p53 and
CtBP1 could synergistically repress
BRCA2 promoter activity. Our
co-IP and ChIP-reChIP assays dem-
onstrated that p53 interacted with
HDAC1, CtBP1/CtBP2, and Sp1,
indicating that p53 could recruit
HDAC1 and CtBP1/CtBP2 and
form an inhibiting transcriptional
complex on Sp1 sites of the BRCA2
promoter.
Taken together, ER�, CBP/p300,

p68/p72, and MyoD could form an
activating transcriptional complex;
ER�/ER� andCBP/p300 could form
a weak activating transcriptional
complex; and p53, HDAC1, and
CtBP1/CtBP2 could form an inhib-
iting transcriptional complex. All
these complexes could compete for
binding to Sp1 sites on the BRCA2
promoter. When ER� complex was
replaced by ER��ER� complex,
histone acetylations were attenu-
ated, and gene transcription was
reduced slightly. When ER� com-
plex was replaced by p53 complex,
histones were deacetylated, and
gene transcription was repressed
more significantly.
Our experiments showed that

ER�, ER�, and p53 complex could
bind to Sp1, indicating that Sp1 sites
might contribute to the formation
of transcription complexes at this
promoter region. In all, we found
that there are eight Sp1 sites within
500 bp in front of the transcriptional
start site of BRCA2 promoter. To
test the important roles of these Sp1
sites, we used BRCA2 promoter/lu-
ciferase constructs containing Sp1
mutations and found that all three
Sp1 sites contributed in a concerted
mechanism to the BRCA2 tran-
scription. Mutation of any of these
Sp1 sites close to the start site
reduced ER�- and ER�-activated
transcriptional activity, suggesting
that these Sp1 sites were essential in
the formation of ER� and ER� tran-
scriptional complex. On the con-
trary, mutation of these Sp1 sites
close to the start site abrogated the
p53-induced transcription inhibi-
tion, suggesting that these Sp1 sites
were also essential in the formation

FIGURE 6. Many Sp1-binding sites on the BRCA2 promoter region appear to be important for ER�-, ER�-
induced transcription activation or p53-induced transcription inhibition. A, effects of mutations of Sp1-bind-
ing sites on ER�-induced BRCA2 promoter activity in MCF-7 cells. Single or combined mutations of Sp1A, Sp1B,
and Sp1C sites were separately made in pGL3-BRCA2 as described under “Experimental Procedures.” Cells were
co-transfected in duplicate with either the wild-type pGL3-BRCA2 plasmid or one of the mutant pGL3-BRCA2
constructs with ER� expression vector and then incubated for 40 h. Luciferase assays were performed as
described under “Experimental Procedures.” Luciferase activity in the cells transfected with the mutant pGL3-
BRCA2 constructs was compared with that in the cells transfected with the wild-type pGL3-BRCA2 plasmid. *,
p � 0.05; **, p � 0.01. B, effects of mutations of Sp1-binding sites on ER�-induced BRCA2 promoter activity in
MCF-7 cells. Cells were co-transfected in duplicate with either the wild-type pGL3-BRCA2 plasmid or one of the
mutant pGL3-BRCA2 constructs with ER� expression vector and then incubated for 40 h. Luciferase assays were
performed as described under “Experimental Procedures.” Luciferase activity in the cells transfected with the
mutant pGL3-BRCA2 constructs was compared with that in the cells transfected with the wild-type pGL3-BRCA2
plasmid. *, p � 0.05; ** p � 0.01. C, effects of mutations of Sp1-binding sites on p53-induced BRCA2 promoter
activity in MCF-7 cells. Cells were co-transfected in duplicate with either the wild-type pGL3-BRCA2 plasmid or
one of the mutant pGL3-BRCA2 constructs with p53 expression vector and then incubated for 40 h. Luciferase
assays were performed as described under “Experimental Procedures.” Luciferase activity in the cells trans-
fected with the mutant pGL3-BRCA2 constructs was compared with that in the cells transfected with the
wild-type pGL3-BRCA2 plasmid. *, p � 0.05; **, p � 0.01.

FIGURE 7. Model depicting binding of ER�, ER�, or p53 transcriptional complex to the Sp1 sites on the
BRCA2 promoter. ER� interacts with CBP/p300, p68/p72, and MyoD and forms an activating transcriptional
complex that can bind to many Sp1 sites on the BRCA2 promoter and activate its transcription. ER� or p53
attenuates ER�-mediated transcriptional activation by preventing the recruitment of ER� transcriptional com-
plex on the BRCA2 promoter; ER� interacts with ER� and CBP/p300 and forms a weak activating transcriptional
complex that competes for binding to Sp1 sites with ER� transcriptional complex. Different from ER�, p53
interacts with HDAC1 and CtBP1 and forms an inhibiting transcriptional complex that can compete for binding
to Sp1 sites with ER� transcriptional complex and inhibit BRCA2 transcription more significantly.
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of p53 transcriptional complex. All these results indicated that
the synergistic actions of these Sp1 sites were responsible for
maximal control of BRCA2 gene transcription.

Taken together, as shown inFig. 7, our findings support amodel
in which an ER��Sp1 complex modulates BRCA2 transcription
under conditions of estrogen stimulation. Conversely the forma-
tion of this transcription complex is abrogated in cells overex-
pressing ER� or p53. So the expression status of the various pro-
teins in these complexes is important for BRCA2 transcription.
Approximately two-thirds of all breast cancers are ER�-positive.
Patients with tumors that express ER� have a longer disease-free
interval and overall survival than patients with tumors that lack
ER� expression; this indicates that ER� may be a key regulator of
breast cancer susceptibility (25). However, themolecular basis for
the association between ER� expression, hormonal responsive-
ness, and breast cancer prognosis remains unclear (26), and the
other genes involved in breast cancer susceptibility need to be
found.ER� is anotherestrogenreceptor in sporadicbreast tumors.
Although ER� expression showed wide variations, its range was
smaller than that of ER�, suggesting that ER� is more tightly con-
trolled than ER� (27). Approximately 40% of sporadic breast
tumors contain p53mutations, and the functionality of theATM-
p53-mediatedDNAdamage response is compromised (28, 29). So
far, it is still unclear that the expression level of ER� or p53 will
influence sporadic breast cancers, and there is no report on the
expression status of CBP, p300, or MyoD in sporadic breast can-
cers. The relationship between these proteins and breast cancer
deserves to be further studied.
We conclude that ER� interacts with CBP/p300, p68/p72, and

MyoD and forms an activating transcriptional complex that can
bind to many Sp1 sites on the BRCA2 promoter and activate its
transcription by inducing histone acetylations. MyoD is a new
component of ER� complex. ER� and p53 attenuate ER�-medi-
ated transcriptional activation by preventing the recruitment of
ER� transcriptional complex and histone acetylations on the
BRCA2 promoter. ER� interacts with ER� and CBP/p300 and
formsaweak activating transcriptional complex that competes for
binding to Sp1 siteswith ER� transcriptional complex and slightly
attenuates BRCA2 transcription. Different from ER�, p53 inter-
actswithHDAC1andCtBP1/CtBP2 and forms an inhibiting tran-
scriptional complex that can compete for binding to Sp1 siteswith
ER� transcriptional complex and inhibit BRCA2 transcription
more significantly. The interplay between the positive regulation
and the negative regulation byER�, ER�, and p53, respectively, on
BRCA2 expression may be part of an integral signaling pathway
that determines and explains breast cancer susceptibility. Detec-
tionof expression statusof thevariousproteins in these complexes
may predict the onset of sporadic breast cancer.
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