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Abstract
Prevention has long been the holy grail of breast cancer research.
The significant reduction in breast cancer risk afforded by a full-
term pregnancy early in life suggests the great potential of
preventive strategies. In contrast to the risks associated with
prolonged exposures, exogenous estrogen and progesterone for
short durations can mimic the protective effects of pregnancy in
carcinogen-induced mammary tumor models. Rajkumar and
coworkers have now demonstrated that these hormones protect
mice from mammary tumors initiated by a spectrum of oncogenic
alterations that are common in breast cancers. Although
differences between rodent models and humans remain, the
results reveal that exogenous estrogen and progesterone potently
inhibit tumorigenesis through multiple pathways and establish a
foundation for strategies to prevent breast cancer.

Introduction
Estrogen and progesterone play leading roles in
orchestrating proper development and function of breast
tissue. High levels of these hormones are associated with
pregnancy and appear to be responsible for the diminished
risk for breast cancer among women following a full-term
pregnancy. Exogenous estrogen and progesterone are
sufficient to mimic the protective effects of parity and
suppress mammary tumors in rodents exposed to the
carcinogen dimethylbenz(α)anthracene (DMBA). However,
the relevance of these results has been debated because the
relationship between polyaromatic hydrocarbons and the
oncogenic events observed in breast cancers remain unclear.

To address this, investigators from the laboratories of
Rajkumar and Medina [1] have examined the effects of
exogenous estrogen and progesterone in mouse models that
bear lesions in clinically relevant pathways. Because over-
expression of the HER2/neu oncogene is observed in up to
30% of breast cancers, responses to treatment with estrogen
and progesterone were analyzed in mice overexpressing
HER2/neu (MMTV-neu mice). Exogenous estrogen and
progesterone reduced the incidence of mammary tumors in

these mice by more than 60%. The p53 tumor suppressor
pathway is also commonly disrupted in breast cancers. Mice
bearing mammary epithelial transplants that have homo-
zygous deletions in the mouse p53 gene (Trp53-/-) provide a
model for loss of p53. When exogenous hormones were
administered to mice just after puberty (age 5 to 7 weeks),
the incidence of tumors in Trp53-/- mammary tissues was
reduced by at least 70%. The protective effect was preserved
even when estrogen and progesterone were administered to
older mice (age 23 to 25 weeks), indicating that the timing of
treatments was not critical. The exogenous hormones did not
affect development of preneoplastic lesions but rather
prevented their apparent progression to tumors. Together,
the experiments demonstrate that a 14-day treatment with
exogenous estrogen and progesterone can render the
mammary epithelium resistant to diverse oncogenic pathways.

Mechanisms implicated
Both p53-dependent and p53-independent pathways appear to
contribute to hormone-mediated protection in mammary tissue.
Acute cellular responses to genotoxic agents include cell cycle
arrest and apoptosis mediated by the p53 tumor suppressor
protein. In addition to the acute genotoxic effects, carcinogens
commonly cause activating mutations in ras oncogenes in
mammary tissue [2,3], which can initiate senescence through
p53-dependent pathways [4]. Because p53-mediated
responses to DNA damage are increased dramatically following
treatment with estrogen and progesterone [5] and parity failed
to prevent tumors in Trp53-/- mammary transplants of mice
exposed to DMBA, the p53 pathway appeared to be essential
[6]. However, Rajkumar and coworkers [1] have now
demonstrated that p53-independent pathways are also
activated by exogenous estrogen and progesterone, resulting in
a greater than 70% reduction in spontaneous mammary tumors
in p53-deficient mammary tissues.

The distinction between DMBA-induced tumors and
spontaneous tumors appears critical and suggests that there
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are differences in the carcinogenic mechanisms. The p53
pathway is probably crucial for antagonizing oncogenes that
are activated in DMBA-induced tumors (for example, ras). In
contrast, tumors in Trp53-/- mammary epithelium may depend
on errors in chromosome segregation, which are common in
Trp53-/- tissues and would promote loss of additional tumor
suppressors. In this setting, the reduced proliferation following
treatment with exogenous estrogen and progesterone [1] may
reduce the opportunity for deletion of tumor suppressor
pathways by this mechanism.

Hormonal stimulation causes numerous local and systemic
alterations, which could render the mammary epithelium
resistant to tumorigenesis and not require p53. Substantial
changes in the extracellular matrix and reorganization of the
stroma [7,8] occur in parous breast tissue that have the
potential to restrain tumorigenesis [9,10]. Alterations in
circulating levels of endocrine hormones and growth factors
following pregnancy have also been implicated. In addition,
sex hormones have potent effects on immune function [11]
that can affect tumor progression. Although p53-independent
pathways remain to be identified, they represent important
targets for prevention because they would be effective even
in preinvasive lesions in which p53 had been lost.

A bumpy road to the clinic
Although rodent models mimic the protective effects of parity
in women, significant differences exist. The levels of estrogen
and progesterone during the last trimester of pregnancy are
much greater in women, often exceeding 10,000 pg/ml, as
compared with about 70 pg/ml in mice. Thus, it is possible
that much higher levels of estrogen will be required for
successful prophylaxis in women. If cells bearing oncogenic
lesions accumulate over time, then the high levels of estrogen
required for prophylaxis in women may promote progression
of the initiated cells. This may explain why the protective
effect of parity is greatest among younger women [12].
Because elevated levels of estrogen and progesterone have
been associated with increased risk for breast cancer [13],
their promotional effects may exceed the inhibitory effects
when they are administered beyond the teenage years. This
concern would be mitigated if short-term treatment with
exogenous estrogen and progesterone proves to be sufficient
for prophylaxis. The stroma within which the mammary
epithelium is embedded also differs substantially between
mouse and human, and so may utilize very different signaling
pathways. Given the need to establish minimum doses of
hormones and duration of exposure sufficient for prophylaxis
and the prospect that interventions may target women aged
under 25 years, treatment strategies will face rigorous
scrutiny, even if they are limited to high-risk populations.

Conclusion
In spite of significant differences between rodent models and
human breast tissue, the fact remains that parity is protective
in both. A growing body of evidence suggests that parity

reduces risk, even among women bearing heritable mutations
in BRCA1 and BRCA2 [14]. Thus, it appears that a full-term
pregnancy engages multiple pathways that effectively antago-
nize tumors resulting from a spectrum of underlying onco-
genic lesions. The signals initiated by pregnancy appear to
converge upon a set of pathways that are shared by both
rodent mammary and human breast tissues. Therapeutic
agents targeting these critical effector pathways would make
it possible to exploit the protective effects while avoiding the
potential risks posed by exogenous hormones. Transcrip-
tional profiling of mammary tissues from nulliparous and parous
rodents has revealed a set of differentially expressed candi-
date genes [15]. A much larger list of effectors is likely to
emerge as genome-wide transcriptional profiles become
available for model organisms and human breast tissues. The
datasets are likely to yield a rich harvest of pathways that
contribute to the overall protection afforded by parity. The work
by Rajkumar and coworkers [1] provides confidence that the
underlying pathways will have the ability to overcome a variety
of oncogenic alterations in epithelial cells and will invigorate the
search for effective strategies to prevent breast cancer.
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