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Review

In 1866, the French physician Paul Broca described
for the first time the existence of breast cancer-prone
families. It took until 1994 before the first BReast

CAncer susceptibility gene (BRCA1) was cloned,
soon followed by the identification of a second gene
(BRCA2) [1]. Together, mutations in these two genes
are responsible for nearly all of the 5% of breast can-
cers with a hereditary origin, although the quest for
one or more BRCA genes still continues. Carriers of
BRCA mutations not only show predisposition to
breast cancer, but also to early onset of ovarian can-
cer and increased risk of developing other hormone-
responsive tumor types.

Both BRCA1 and 2 are directly involved in DNA
repair and maintenance of genomic integrity [2]. Loss
of these functions could explain predisposition to
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cancer, but not why mutation carriers are more prone
to develop tumors in hormone responsive tissues.
The discovery that BRCA1 interacts with the estro-
gen receptor (ER) and suppresses its transcriptional
activity, gave new insights into this question [3]. This
finding links BRCA1 directly to the central players in
tumorigenesis of endocrine tissues.

Wang et al. now show that another key player,
cyclin D1, competes with BRCA1 for the interaction
with the ER [4]. The balance between the tumor sup-
pressor BRCA1 and the oncogene cyclin D1 might be
a decisive factor in driving tumor formation. BRCA1
loss or mutation leaves cyclin D1 activity unbalanced,
leading to excessive ER activity.

The cyclin D1 gene encodes the regulatory sub-
unit of a cyclin D1:cdk complex that phosphorylates
and inactivates the retinoblastoma tumor suppres-
sor, thereby driving the cell through the G1 phase of
the cell cycle. Overexpression of cyclin D1 is found
in 30–40% of breast cancers and is associated with
poor prognosis of ER-positive breast cancer. Cyclin
D1 also shows a cdk-independent activity in stabiliz-
ing the interaction between ER and SRC-1 via direct
binding to both proteins [5]. Thereby, it enhances the
estradiol-mediated activation of ER. The important
role of cyclin D1 in breast tissue is exemplified by
mouse studies, in which cyclin D1 knockout mice
lack proper development of the mammary glands,
while overexpression of cyclin D1 in a transgenic
mouse model leads to the early onset of mammary
carcinoma [6]. ER regulates the expression of the
gene encoding cyclin D1, therefore the direct stimu-
lation of the receptor by the cyclin D1 protein leads
to an interesting positive feedback loop. This ava-
lanche effect (activation of ER leads to cyclin D1,
which stimulates ER to induce more cyclin D1 pro-
duction) ensures a gradual overcoming of a thresh-
old set by the inhibitory effect of BRCA1 on ER.
Inactivation of cyclin D1 after transition through the
G1 phase of the cell cycle ends the role of cyclin D1.

A similar but negative feedback loop was found
between BRCA1 and ER activity through the regula-
tion of aromatase. In addition to direct suppression
of ER activity, wt BRCA1 also inhibits aromatase
expression, thereby lowering estrogen levels and fur-
ther reducing ER-mediated transcription [7]. Indeed,
BRCA1 mutation carriers have a higher breast den-
sity, indicative of excessive ER signaling.

Taken together, these examples illustrate the
opposing effects of BRCA1 and cyclin D1 on ER as
described by Wang et al. [4]. Their balance seems to
be a decisive factor in the G1/S transition of hormone-
dependent cells. BRCA1 activity inhibits the positive
feedback loop between cyclin D1 and ER, possibly
resulting in a delay of the G1/S transition. It will be
interesting to evaluate if this is related to the role 

of BRCA1 in the transcriptional response to DNA
damage. During the G1/S phase transition, BRCA1
mRNA is upregulated and BRCA1 protein is hyper-
phosphorylated. Still, it remains to be tested how
the binding between BRCA1 and ER is affected by
phosphorylation and the presence of DNA damage.

Interestingly, while in the breast and ovary ER is
inhibited by functional BRCA1, in prostate the andro-
gen receptor (AR) is activated. However, cyclin D1
shows opposite effects as well, while it stimulates
ER, it inhibits AR [8]. Thus, although the roles of both
proteins seem to have switched, their balance also
determines AR activity. This may explain why men
carrying BRCA1 mutations are prone to develop
prostate cancer.

Much of the scepticism about a direct role of the
interaction between BRCA1 and ER in tumorigene-
sis, comes from the observation that the majority of
breast tumors from mutation carriers are ER nega-
tive. Interestingly, these tumors are also cyclin D1
negative, altogether resulting in a basal phenotype
[9]. Most sporadic tumors are ER positive and pres-
ent a luminal phenotype, suggesting that sporadic
and hereditary tumors develop along different path-
ways. Still, preventive removal of hormone producing
organs or treatment with anti-estrogens significantly
reduces the risk of tumors in BRCA1 mutation carri-
ers. A possible explanation would be that the ER neg-
ative tumors represent a late stage of tumorigenesis
in which ER expression is no longer needed and is
therefore lost. Other researchers explain this obser-
vation by referring to stimulatory effects of surround-
ing ER positive cells on the stem cell compartment.
Still, the question to what extend the loss of the
BRCA1:ER interaction is causing the development
of tumors in some or all BRCA1 mutation carriers
remains. In this respect, it would be interesting to
see whether there is any discrepancy between the
types of mutations found in the 25% of BRCA1
tumors that are still ER positive vs. those that show
the basal phenotype. For instance, are BRCA1 point
mutations found in the ER positive tumors indeed
more clustered around the N-terminal ER interaction
domain? Correlating mutations and truncations in the
different BRCA1 protein domains with microarray
based tumor subtyping may help to unravel the driv-
ing forces in tumorigenesis.

A greatly overlooked aspect of this discussion is a
possible role for ER�. In contrast to ER�, ER� is
highly expressed in BRCA1 breast tumors, and could
account for the observed responses to hormone
[10]. ER� is known to counteract ER�-induced gene
transcription. This can occur via heterodimerization,
distinct regulation of promoters by ER� and/or ER�-
specific genes that are probably related to the anti-
proliferative properties of this receptor. Activation of
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ER� by tamoxifen could thus explain the clinical
benefits. Therefore, it is important to address whether
the observations made by Wang et al. [4] are also
valid for ER�. Does BRCA1 bind ER� as well, and if
so what is the effect on transcriptional activity of this
receptor? The same questions should be asked for
cyclin D1 in order to understand both sides of this
important balance in hormone responsive tissues.
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