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Estrogen exhibits a broad spectrum of physiological
functions ranging from regulation of the menstrual cycle
and reproduction to the modulation of bone density, brain
function, and cholesterol mobilization. However, estrogen
is also associated with pathological complications par-
ticularly with the onset of gynaecological malignancies
including breast cancer and endometrial cancer; estrogen
is now considered to be a classical etiological factor for
breast cancer and endometrial cancer.

In the early 1970s, it was reported that there was a 20-
35% increase in incidence of endometrial cancer in Western
Caucasian women who had undergone estrogen therapy
[1]. Subsequently, a variety of clinical and epidemiologi-
cal investigations, with support from studies in cell culture
and animal models, have demonstrated the association of
estrogen with the development and/or progression of the
disease. In 2002, the US National Toxicology Program
listed steroidal estrogens as carcinogens for the first time.
The report cites data from human epidemiologic studies that
show an association between estrogen replacement therapy
and an increase in the risk of endometrial cancer, as well as
a less consistent increase in the risk of breast cancer.

Selective estrogen receptor modulators (SERMs) were
initially envisioned as drugs that would replace estrogen
therapy in alleviating the symptoms associated with
menopause without the carcinogenic effects of estrogen
in the mammary gland and uterus. The first clinically
available SERM was tamoxifen. It was introduced in the
1970s for the treatment of advanced breast cancer in post-
menopausal women, and its use was then expanded as an
adjuvant therapy for reducing risk of breast cancer in high
risk pre- and post-menopausal women. However, in the
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mid-to-late 1980s, a series of reports documented an as-
sociation between tamoxifen therapy in women with breast
cancer and the development of endometrial carcinoma. The
observation was subsequently substantiated in 1998 by the
National Surgical Adjuvant Breast and Bowel Project’s
(NSABP) P-1: Breast Cancer Prevention Trial (BCPT) [2].
It was reported by the NSABP-BCPT that the increased rate
of endometrial cancer occurred predominantly in women
aged 50 years or older [2].

Estrogen action at target sites around the body is medi-
ated through related but distinct estrogen receptors (ERs)
designated ERa and B. Estrogens bind to the ligand bind-
ing domain of the ER to induce a conformational change
in protein structure that permits the subsequent receptor
dimerization and interaction with coactivator molecules
[3]. The sequential activation of genes occurs via multiple
mechanisms either through direct binding at estrogen
response elements in the promoter region of estrogen-
responsive genes or through a tethering protein-protein
interaction with sites that are canonical to other well-known
transcription factors [3]. Various cellular signal transduc-
tion pathways can potentially be exploited to influence
tissue response specificity. Alternatively, survival pathways
in cancer could evolve to alter the entire responsiveness
to ER signaling.

The stimulation of endometrial carcinogenesis by
tamoxifen is of great interest in both clinical medicine and
basic research. Based on the crystal structures of the ligand-
bound hormone-binding domains of ERs, it is believed that
tamoxifen acts as an ER antagonist in the mammary gland
by binding to ERs and inducing a conformational change
that block the interaction of ERs with coactivator proteins.
However, this molecular mechanism is not compatible with
the partial estrogenic activity of tamoxifen in the uterus.
Among the theories being investigated is the possible
genotoxicity of tamoxifen, but the detection of endometrial
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tamoxifen-DNA adducts in exposed women is still contro-
versial. In contrast, biochemical and animal experiments
as well as genetic studies strongly favour an estrogen
receptor-dependent model, implicating gene regulation
as the mechanism of tamoxifen action in the uterus [3].
In 2002, we showed that in endometrial cells, tamoxifen-
liganded ERa is able to recruit coactivator proteins and to
initiate gene transcription, and that differential recruitment
of a coactivator contributes to the tissue specificity of the
function of tamoxifen-liganded ERa [4]. Thus, there is a
strong possibility that, mechanistically, endometrial car-
cinogenesis proceeds from alterations in gene expression
due to tamoxifen-activated gene transcription.

Based on this hypothesis and by applying genomic
approaches and using immunomagnetically-purified en-
dometrial cells from Type I endometrial carcinomas, we
recently have demonstrated that tamoxifen regulates gene
transcription in endometrial carcinoma cells, and that genes
targeted by tamoxifen are largely different from those tar-
geted by estrogen [5]. Our experiments suggest that gene
transcriptional regulation could dictate tamoxifen’s role in
endometrial carcinogenesis. Our observations also indicate
that tamoxifen is a compound with distinct genomic activ-
ity rather than simply a partial ER agonist as traditionally
described.

The observation that tamoxifen target genes are largely
different from estrogen target genes is intriguing. After all,
both oestrogen and tamoxifen are believed to bind the same
ERs. However, it is well documented that different ligands
bind to different ER subtypes with different affinities; this
could result in differential gene regulation. Secondly, previ-
ous studies by us as well as by others have demonstrated
that the transactivation activity of tamoxifen-bound ERs is
promoter context-dependent. It is known that ERs can target
gene promoters harbouring at either a classical oestrogen
response element (ERE), a half ERE site, or sites canoni-
cal to other transcription factors such as AP-1, Sp-1, and
NF-kB. It is reasonable to speculate that estrogen-liganded
ERs and tamoxifen-liganded ERs, due to their different
conformations and different cofactor associations, pos-
sess different affinities for different gene promoters. As a
result, estrogen and tamoxifen could regulate different sets
of genes. Some of the gene promoters could accommodate
both estrogen-liganded ERs and tamoxifen-liganded ERs.
In this situation, the gene would be a target for both oes-
trogen and tamoxifen. Finally, it is well documented that
the transactivation function of tamoxifen-liganded ERs
largely resides in the activation function 1 (AF-1) in the
N-terminus of the ERs as compared to that of estrogen-
liganded ERs, which is more dependent on AF-2 in the
C-terminus. Differential association of cofactor proteins
by AF-1 versus AF-2 could also influence the affinity of

oestrogen-liganded ERs and tamoxifen-liganded ERs to-
ward different gene promoters.

In our study, we found that PAX2 was activated by es-
trogen and tamoxifen in endometrial cancer-derived cells
and endometrial cancer cell lines but not in the normal
endometrium [5]. Both gain of function and loss of function
experiments demonstrated that PAX2 was able to promote
the growth of endometrial cancer cells and endometrial
carcinogenesis. In addition, our experiments showed the
co-expression of PAX2 and ERa in endometrial cancer
samples and demonstrated that the transactivation of PAX2
expression in cancerous endometrial cells but not in normal
endometrial cells. Collectively, all these evidence strongly
indicates that PAX2 is a molecular effector for oestrogen
and tamoxifen in endometrial carcinogenesis.

PAX genes are developmentally regulated and are si-
lenced in adulthood. Our observation that PAX2 expression
was not regulated by estrogen and tamoxifen in normal
endometrium is consistent with this idea. Silencing of gene
expression is often accompanied by epigenetic modifica-
tions including DNA methylation. Although hypomethyl-
ation was the originally characterized epigenetic alteration
in cancer [6], it was under-appreciated for many years over
hypermethylation. Recently, however, gene re-activation
by cancer-linked hypomethylation has been re-discovered
[7]. In our study, we found hypomethylation of the PAX2
promoter in endometrial carcinomas but hypermethylation
of the promoter in normal endometrium, suggesting that the
activation of PAX2 expression in endometrial carcinoma
cells is associated with PAX2 promoter hypomethylation
in these cells and indicating that PAX2 is a cancer-linked
hypomethylated gene [5].

It will be interesting to investigate in future studies the
mechanism involved in the loss of PAX2 methylation mark
in endometrial carcinomas in the future study. Perhaps
more relevant to our findings, despite its essential role in
development and diseases, exactly how PAX2 functions
to promote cell proliferation is not known and there are
few genes known to be directly regulated by PAX2. For
example, early in the metanephric mesenchyme, PAX2 can
transactivate glial-derived neurotrophic factor and WT1
genes [8]; and in embryonic kidney cells, it was shown that
the secreted frizzled-related protein 2 (SFRP2) gene was
a direct target of PAX2 [9]. Future studies are warranted
to delineate the mechanism for PAX2’s involvement in
development and carcinogenesis.
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