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BRCAI Inhibition of Estrogen 
Receptor Signaling in 

Transfected Cells 
S. Fan,'* J.-A. ~ a n g , '  R. Yuan,' Y. Ma,' Q. Meng,' 

M. R. E r d o ~ , ~  R. G. P e ~ t e l l , ~  Fang Yuan,' K. J. Auborn,' 
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Mutations of the breast cancer susceptibility gene BRCA7 confer increased risk 
for breast, ovarian, and prostatic cancers, but it is not clear why the mutations 
are associated with these particular tumor types. In transient transfection 
assays, BRCA7 was found to inhibit signaling by the ligand-activated estrogen 
receptor (ER-a) through the estrogen-responsive enhancer element and to block 
the transcriptional activation function AF-2 of ER-a. These results raise the 
possibility that wild-type BRCAI  suppresses estrogen-dependent transcription- 
al pathways related to mammary epithelial cell proliferation and that loss of 
this ability contributes to  tumorigenesis. 

Germ llne mutations of the BRCAI gene fol ovarian and plostatlc cancels (2) The 
(17q21) (1) account for 40°4 to 50% of hered- BRCAl gene ellcodes an 1863-amino acid pro- 
italy breast cancers and confer increased risk tein with a highly conserved hX,-terminal 

RING finger domain and a COOH-telminal 

of Radiation Oncology, ZDepartment of acidic trallscriptional activation domain (1, 3). 
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breast cancer. probably through the expansion 
of previously initiated mammary epithelial cell 
clones (9). Thus, we hypothesized that BRCA1 
protein might function, in part, to regulate the 
cellular response to estrogen. 

Estrogen responses are mediated by hvo 
closely related members of the nuclear receptor 
family of ligand-activated transcription factors, 
ER-a and ER-P [reviewed in (lo)]. The 66-kD 
ER-a. the major estrogen receptor of manlmary 
epithelia, contai~ls hX,- and COOH-tenninal 
transcriptional activation functions (AF- 1 and 
AF-2, respectively). a DNA binding domain. a 

ligand binding domain associated with .@-2; 
and a cofactor binding domain. Estrogens bind 
and activate cytoplasn~ic ER-a. which translo- 
cates to the nucleus, dimerizes; binds to estro- 
gen-responsive enhancer elements (EREs), and 
activates transcription. ER-a activation requires 
a ligand and cofactor-dependent confomn~ation- 
a1 change that allows interaction behveen AF-1 
and AF-2 and recruitment of coactivator pro- 
teins. These coactivators link ER-a to the basal 
transcriptional machinery and convert chroma- 
tin to the active state by histone acetylation. 

To assess the effect of BRCAl on estrogen 

-' 
ER-a + + + + + 

ERE-TK-LUC + + + + - 
TK-LUC - - - - + 0 0.01 0.1 1.0 10 

wtBRCAl - - + - - 
pcDNA3 - - - + - wtBRCAl Dose (ug) 
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E l  - + +  - + +  - + +  - + +  
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pcDNA3 - + - - + - - + -  - + -  
wtBRCAi - - + - -  + - - +  - - 
I-- - 1  

C33A CaSki SiHa LNCap 

D 

response, we measured the ability of the 
BRCAI gene to modulate the transcriptional 
activity of ER-a in transient transfection assays. 
Human prosrate cancer cell line DU-145 lacks 
ER-a. but, when supplied with exogenous ER- 
a. these cells became competent for estrogenic 
signaling. as demonstrated by estradiol (E2)- 
stimulated activation of estrogen-responsive 
reporter ERE-TK-Luc (Fig. 1A). Cotransfec- 
tion of a wild-type BRCAI gene (MTBRCAI) 
abolished activation of this reporter in a dose- 
dependent fashion. whereas empty BRCAI 
vector (pcDNA3) had little or no effect on 

1 
Fig. 1. BRCA1 selectively inhibits ER-cl signaling 
in transfected human cancer cells in culture. (A) 
Wild-type BRCA7 gene (wtBRCA7) strongly in- 
hibits ER-cl signaling in prostate (DU-145) and 
breast cancer (T47D) cells. Cells were assayed 
for stimulation of ERE-TK-Luc reporter activity 
by 17p-estradiol (E2) (73). ERE-TK-Luc is com- 

_ + + posed of the vitellogenin A2 ERE controlling a 
+ + + minimal thymidine kinase promoter (TK81) and 
+ + +  
- + - luciferase in plasmid pGL2 (1 1). E2 induced a 
- - , + ,  100- to 1000-fold increase in reporter activity 

MDA-MB-Z31 when expression vector pSC5-ER-a (ER-a) was 
provided. Cotransfection of wtBRCA7 expres- 

sion vector (13), but not empty vector (pcDNA3), caused 
dose-dependent inhibition of the E2-stimulated reporter 
activity in DU-145 and T47D cells. A control reporter 
missing the ERE (TK-Luc) gave no E2-stimulated activity. 
(B) wtBRCA1 weakly inhibits ER-a signaling in human cer- 
vical cancer cells. In three cervical cancer cell lines (C33A, 
CaSki, SiHa), wtBRCA7 reduced the EZ-stimulated ERE-TK- 
Luc reporter activity to 38% to 51% of control. In contrast, 
wtBRCA7 nearly abolished reporter activity in two other 
prostate (LNCaP, TsuPr-I) and two other breast (MCF-7, 
MDA-MB-231) cancer cell lines. (C) wtBRCA1 inhibits ER-a 
activation function AF-2. DU-145 and T47D cells were 
transfected with pCMV-gal4-ER (gal4-ER), which encodes 
the yeast gal4 DBD fused to the ER-a AF-Zlligand binding 
domain, and reporter gal4-Luc. Gal4-Luc is composed of a 
gal4 site (pentameric upstream activating sequence) con- 
trolling a minimal promoter (adenovirus EIB TATA box) 
and luciferase (1 7). In the presence of E2, gal4-Luc was 
activated by gal4-ER but not by control plasmid pCMV- 
gal4 (gal4). Gal4-ERlgal4-Luc activity was ablated by wt- 
BRCA1 but not by empty pcDNA3 vector. A control report- 
er missing the gal4 site (TATA-Luc) yielded no luciferase 
activity. (D) wtBRCA1 does not inhibit E2F1 or Spl signal- 
ing. The effect of wtBRCA1 on E2Fl and Spl activity was 

Gal4-Jun - + + - Ga14-EZFI - + + - 
Gal4-Luc + + + + Gal4-Luc + + + + teited with expression vectors p ~ ~ ~ - ~ 2 ' ~ 1  ( ~ 2 ~ 1 )  and 

W ~ B R C A I  - - + + W~ERCAI  - - + + pCMV-Spl (Spl) and reporters E2F-TK-Luc and Spl-TK- 
Luc, respectively. These reporters are composed of the E2F 

site from adenovirus E2a and the Spl site from the cyclin D l  promoter (-127 to -99), respectively, linked to TK81 and luciferase (14). Reporter 
activity was stimulated by E2F1 or Spl vector. Neither E2F1- nor Spl-stimulated reporter activity was inhibited by wtBRCA1. (E) wtBRCA1 does not 
inhibit the transcriptional activation functions of c-Jun and E2F1. Expression plasmids encoding gal4 DBD linked to the activation domains of c-Jun 
and E2F1 (15) activated the gal4-Luc reporter, but wtBRCA1 failed to inhibit gal4-jun and ga14-E2F1 stimulated reporter activity. 
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reporter activity (Fig. 1A). Equally strong 
inhibition of ER-a signaling by M?BRCAI 
was observed in breast cancer cell line T47D, 
in two other hurnan breast cancer cell lines 
(MCF-7 and MDA-MB-23 l ) ,  and in two oth- 
er human prostate cancer cell lines (LNCaP 
and TsuPr-1) (Fig. 1, A and B). However, 
three human cewical cancer cell lines showed 
relatively weak inhibition of ER-a signaling 
by )rtBRCAl: E2-stimulated reporter activity 
in the presence of 1vtBRCAl was about 40% 
to 50% that in the presence of empty vector 
(Fig. 1B). 

We used the gal4-ERlgal4-Luc assay system 
(11) to determine whether BRCAl directly in- 
hibits the highly conserved COOH-tenninal ac- 
tivation function (AF-2) of ER-a, independently 
of any effect it might have on the DKA binding 
activity of the receptor. When linked to the yeast 
gal4 DNA binding domain (DBD), the AF-2 
domain of ER-a stimulated activity of a reporter 
containing a multimeric gal4 binding site in an 
E2-dependent fashion (Fig. 1C). I11 both DU- 
145 and T47D cells, 1rtBRCAl reduced ga14- 
ERlgal4-Luc activity to background levels, 
whereas pcDNA3 vector had little or no effect 
on reporter activity. These findings suggest that 
BRCAl inhibits the AF-2 function of ER-a, but 
they do not rule out the possibility that BRCAl 
targets additional steps in ER-a activation. 

In both the ER-a and gal4-ER assays, - 
basal reporter activity was very low, so it was 
not possible to determine whether BRCAl 
acted as a nonspecific transcriptional repres- 
sor. We tested the ability of 1rtBRCAl to 
regulate the activity of other transcription 
factors. Expression vectors for cell cycle- 
regulated transcription factors E2F1 and Spl  
caused activation of luciferase reporters con- 
trolled by the corresponding binding ele- 
ments, but the wtBRCA1 gene did not inhibit 
activation of either reporter in DU-145 or 
T47D cells (Fig. ID). wtBRCA1 also failed to 
repress activation of the gal4-Luc reporter by 
vectors encoding the gal4 DBD linked to the 
transcriptional activation domains of c-Jun 
and E2F1 (Fig. 1E). In fact, in some of these 
assays, reporter activity was slightly higher in 
the presence of wtBRCA1. These results sug- 
gest that BRCAl is not an indiscriminate 
repressor of transcription. 

Previous studies have linked expression of 
the BRCAl gene with differentiation of specific 
cell types, including lnammaly epithelium (12), 
but the molecular targets of BRCAl for mam- 
mary differentiation have not been identified. 
Our findings suggest that the wild-type BRCAl 
protein may function, in part, to suppress estro- 
gen-dependent mammaly epithelial prolifera- 
tion by inhibiting ER-a-mediated transcriptional 
pathways related to cell proliferation. Converse- 
ly, inactivation of the ability to repress ER-a 
transcriptional activity by mutation or by loss of 
BRCAl expression may contiibute to mammary 
carcinogenesis. Interestingly, the relatively 

weak inhibition of ER-a signaling in human 
cervical cancer cell lines by the lvtBRCA1 
gene correlates with the absence of an asso- 
ciation of cervical cancer, another estrogen- 
dependent tumor type, with genn line muta- 
tions of BRCA1. To establish the validity of 
these hypotheses, it is necessary to confirm 
the ability of BRCAl to regulate the ER-a 
response in in vivo models. 
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Self -Organization of 
Microtubule Asters Induced in 

Xenopus Egg Extracts by 
GTP-Bound Ran 

T. Ohba, M. Nakamura, H. Nishitani, T. Nishimoto* 

The nucleotide exchange activity of RCCI, the only known nucleotide exchange 
factor for Ran, a Ras-like small guanosine triphosphatase, was required for 
microtubule aster formation with or without demembranated sperm in Xeno- 
pus egg extracts arrested in meiosis II. Consistently, in the RCCI-depleted egg 
extracts, Ran guanosine triphosphate (RanCTP), but not Ran guanosine diphos- 
phate (RanCDP), induced self-organization of microtubule asters, and the pro- 
cess required the activity of dynein. Thus, Ran was shown to regulate formation 
of the microtubule network. 

Ran is an abundant Ras-like nuclear small 
guanosine t~iphosphatase (GTPase) essential 
for nucleus-cytosol exchange of macromole- 
cules (1-4). Its GTPase activity is activated by 
RanGAPl or Rnalp, and its nucleotide is ex- 
changed by RCCl (1, 2). Although all of the 
yeast i nn  nlutants thus far isolated show nuclear 
protein import defects (3), hamster and yeast 
iccl  mutants show diverse phenotypes, such as 
suppressioll of receptor-less mating process, 

chromosome instability, premature clvomatin 
condensation, lack of chromosome deconden- 
sation, abnolmal rnRNA metabolism, and 
nlRNA export defects (1). How Ran regulates 
these processes is controversial. In addition to 
the RanBPl and importin P families, which are 
required for nucleus-cytosol exchange of mac- 
romolecules (4), Dis3p (5) and RanBPM (6) 
are reported to bind to RanGTP. Although 
Dis3p is required for ribosomal FWA process- 
ing ( 7 ) ,  RanBPM is localized in the centro- 
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so& and the antibodies to RanBPM inhibit 

Medical Science, Kyushu University, Maidashi Higashi- microtubule aster follnatioll in ~'itl.0 (6 ) .  
ku, Fukuoka 812-8582, Japan. The centrosome co~lsists of a pair of cen- 
* T ~  whom correspondence should be addressed, E-  trroles surrounded by pericentriolar material 
mail: tnishi@molbiol.med.kyushu-u.ac.jp (PCM) (8 ) .  Xei~oy~ls  y-tubulin ring complex- 

1356 21 MAY 1999 VOL 284 SCIENCE www.sciencemag.org 




