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Estrogens as hormonal therapy, particularly diethylstilbestrol, are effective
against androgen-dependent prostate cancer, but paradoxically estrogens
might also be involved in the causation of this malignancy. Therefore,
antiestrogens have been suggested as both a chemopreventive and
chemotherapeutic treatment, thereby inhibiting the development and
progression of prostate cancer. This review addresses the role of estrogens
in prostate carcinogenesis and prostate cancer progression and examines
the rationale for using antiestrogenic agents in chemoprevention of
prostate cancer. [Rev Urol. 2005;7(suppl 3):S4-S10]
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Estrogens as hormonal therapy, particularly diethylstilbestrol (DES), are
effective against androgen-dependent prostate cancer, but paradoxically
estrogens might also be involved in the causation of this malignancy.1

Therefore, antiestrogens have been suggested as chemopreventive agents to
inhibit the development and progression of prostate cancer, and they might even
have a therapeutic benefit.2,3 This review addresses the role of estrogens in prostate
carcinogenesis and examines the rationale for using antiestrogenic agents in
chemoprevention of prostate cancer.
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Estrogens as Hormonal Therapy
for Prostate Cancer
DES was the first hormonal therapy
for cancer, developed by Huggins and
Hodges in 1941. Low-dose DES treat-
ment is still used today as first-line
hormonal therapy, albeit not in the
United States, and can provide benefit
as second-line hormonal therapy.4-6

DES treatment ultimately leads to
androgen-refractory prostate cancer,
just as androgen-targeted hormonal
therapy does. DES is a strong estrogen
that suppresses pituitary secretion of
luteinizing hormone (LH) and conse-
quently inhibits testicular testos-
terone production, acting as an anti-
androgen; it might also increase
serum sex hormone-binding globulin,
thereby reducing the amount of free
testosterone in the circulation. DES
also has direct effects on the prostate,
being cytotoxic (eg, as DES-phos-
phate) and inhibiting proliferation
and inducing apoptosis in prostate
cancer cells in tissue culture. The
mechanism by which DES acts di-
rectly on prostate cancer cells is not
known with certainty, but it might in-
volve up-regulation of transforming
growth factor �, apoptosis, and
cell–cell interactions. Whether an
estrogen receptor (ER)-mediated ac-
tion of DES is involved, and if so, by
which of the currently known ER sub-
types, ER-� or ER-�, is not known.
Also unknown is whether estrogens
other than DES have similar effects.

Possible Role of Estrogens in
Prostate Carcinogenesis
There are multiple lines of evidence to
suggest that estrogens are involved in
prostate carcinogenesis.1 For exam-
ple, genetic polymorphisms of genes
in the estrogen metabolism pathway
were associated significantly with
familial prostate carcinoma risk.7

Moreover, one study8 suggests that a
polymorphism in codon 10 of ER-�
might be a risk factor for prostate

cancer, and another9 suggests that
variants of the GGGA polymorphism
from the ER-� gene might be associ-
ated with an increased risk of devel-
oping prostate cancer. Both ER-� and
ER-� are expressed in the normal
prostate: ER-� is found in the stromal
cells of the human prostate, and ER-�
is present in the basal cells. However,
ER expression status is disrupted in
the malignant prostate, where ER-�
expression is decreased during malig-
nancy progression owing to methyla-
tion of CpG dinucleotides in the
promoter of the gene.10-13 This sug-
gests that ER-� has a function in
tumor suppression. Indeed, restoration
of ER-� by adenoviral delivery in-
hibits the invasiveness and growth of
prostate cancer cells.14 Moreover, cells

estrogens might elevate prostate can-
cer risk and act through the ER. 

This idea is strongly supported by
the finding that estrogens enhance
androgen-induced prostate cancer in
an animal model.1,17 When testos-
terone is chronically administered to
rats at low doses, prostate cancer is
found in several rat strains, in most
cases at low incidence (5%-10%), but
in the NBL rat strain (also known as
the Noble rat) the incidence is as high
as 35% to 40%.1 When estradiol is
given together with low-dose testos-
terone, the incidence of prostate
carcinomas increases to nearly
100%.17 Most of these estradiol-plus-
testosterone-induced tumors are lo-
cated in the periurethral prostatic
ducts. Estradiol alone chemically cas-

Weak associations between prostate cancer risk and prediagnostic serum
estrogen levels have been found in some (but not all) epidemiologic studies.

overexpressing ER-� undergo apopto-
sis,14 and ventral prostates of ER-�
knock-out mice exhibit decreased
apoptosis,15 suggesting that ER-� acts
as a tumor suppressor by its antipro-
liferative, anti-invasive, and pro-
apoptotic properties. As prostate
cancer risk increases with age, circu-
lating androgen levels decrease but
estrogen levels remain more constant,
resulting in a decrease in the andro-
gen/estrogen ratio in the serum.
Weak associations between prostate
cancer risk and prediagnostic serum
estrogen levels have been found in
some (but not all) epidemiologic stud-
ies. In addition, circulating levels of
estradiol, and particularly the estra-
diol precursor estrone, are slightly
higher in African American men than
in Caucasian men, whereas African
Americans have twice the prostate
cancer risk of Caucasians.16 Collec-
tively, these observations lead to the
hypothesis that increased circulating

trates the rats because it eliminates
testicular testosterone production
through suppression of LH secretion,
as does DES. In fact, DES-plus-testos-
terone treatment also causes prostate
cancer in these rats, and strains other
than the NBL rat might also respond
with increased prostate cancer rates if
testosterone treatment is combined
with estrogens.17 In summary, estro-
gens are required for a maximal car-
cinogenic response to androgens, at
least in rat models.

Androgens as Precursors of 
Estrogen in Prostate 
Carcinogenesis
A causative role of androgens in
prostate cancer is generally accepted
for a number of reasons. The prostate
is an androgen-dependent tissue, and
early-stage prostate cancer is andro-
gen dependent. Hormonal therapy
eventually results in androgen-
refractory prostate cancer, but these



cancers still express androgen recep-
tors (ARs), which has been attributed
to a poorly understood ligand-
independent activation of these re-
ceptors. Serum androgen levels tend
to be elevated in high-risk popula-
tions, such as African American men,
in some studies; however, androgen
levels are not lower in low-risk
Japanese men than in Caucasians.18

Furthermore, associations between
risk and prediagnostic serum andro-
gen levels are only weak at best and
not found in most studies.19 The only
consistent finding is that 5�-reduced
metabolites are associated with risk in
prediagnostic serum studies, and com-
parisons among low- and high-risk
populations suggest that 5�-reductase
activity is a critical factor.16,18,19 The
strongest direct evidence for androgens
causing prostate cancer comes from
studies in which androgens induce
prostatic carcinomas in several rat
strains, as indicated earlier, and also
strongly enhance prostate carcino-
genesis after treatment with chemical
carcinogens.1

It is less well appreciated that
testosterone is by far the most signif-
icant precursor of estradiol-17-�
(estradiol) in men; the other (minor)
estradiol precursor is estrone formed
from androstenedione, which is pro-
duced by the adrenals and to a lesser

Supporting this notion, when 5�-
dihydrotestosterone (DHT), which can-
not be converted to estradiol by aro-
matase, was given to NBL rats, prostate
cancer developed in less than 5% of
animals (Bosland and colleagues, un-
published data). However, when estra-
diol was combined with DHT, tumor
incidence increased only to 15%. There
are no studies of aromatase inhibitors
in this rat model. Thus, precisely how

administration of a chemical carcino-
gen (Bosland and colleagues, unpub-
lished data). Whether the ER is involved
is less clear, although co-administration
of the ER antagonist tamoxifen and
testosterone did not affect induction
of prostate cancer in a rat model by
androgen after administration of a
chemical carcinogen (Bosland and
colleagues, unpublished data). In the
NBL rat treated with estradiol and
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It is possible that the prostate cancer induced by testosterone in the rat
prostate is, at least in part, due to estrogen effects.

In the NBL rat treated with estradiol and testosterone, the pure antiestrogen
ICI 182,780 inhibited development of dysplasia

extent by the testes. The conversion
of testosterone to estradiol is medi-
ated by the enzyme aromatase, which
is most highly expressed in fat tissue
and might also be present in the
prostate, although this remains con-
troversial. This raises the possibility
that the prostate cancer induced by
testosterone in the rat prostate is, at
least in part, due to estrogen effects.

Mechanisms of Estrogen 
Carcinogenesis: Receptor 
Mediation
The AR is almost certainly involved in
androgen-induced prostate cancer.
Combined treatment of a rat model
with testosterone and the AR-blocking
antiandrogen flutamide almost en-
tirely eliminates the induction of
prostate cancer by the androgen after

estrogen interacts with androgen in
producing prostate cancer in rats is
complex and remains unclear. Evidence
for such an interaction has come re-
cently from experiments showing that
a metabolite of DHT, 5�-androstane-
3�, 17�-diol (3�-androstanediol), has
the characteristics of the natural
ligand for ER-�.20 Although it has a
lower affinity than estradiol for ER-�,
it is present in the prostate at a suffi-
cient level to activate ER-�.15 These
findings, together with the finding
that testosterone up-regulates ER-�
messenger ribonucleic acid expres-
sion,21 suggest that there is a close in-
teraction between the estrogen and
androgen pathways in the prostate.

testosterone, the pure antiestrogen ICI
182,780 inhibited development of
dysplasia,22 a prostatic intraepithelial
neoplasia (PIN)-like lesion that does
not seem to progress to cancer (Bosland
and colleagues, unpublished data), but
effects of antiestrogens on cancer
induction are not known. This anti-
dysplasia effect of ICI 182,780 in
the NBL rat model suggests that ER
mediation is involved. Alternatively,
this antiestrogen might inhibit the
prolactin-elevating effect of estradiol
in this model and thereby inhibit
induction of inflammation and in-
flammation-related dysplasia in the
rat prostate, which is known to be
elicited by elevated prolactin levels.23

Of note, preliminary findings in stud-
ies by the author suggest that inflam-
mation is probably not involved in
periurethral prostate carcinogenesis,
although it is commonly found in
association with prostatic dysplasia
induced by estradiol and testosterone.
In conclusion, it is not clear at present
whether the ER mediates the induc-
tion of prostate carcinomas by estra-
diol and testosterone in rats.

There are genetic polymorphisms
that result in more activity of those
enzymes that increase levels of andro-
gens (eg, 5�-reductase) or estrogens
(eg, aromatase), but whether these are
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associated with prostate cancer risk has
not been established to date. Similarly,
there are genetic polymorphisms
resulting in more receptor activity for
androgens or estrogens (ie, AR or ER
single nucleotide polymorphisms), but
their association with risk of prostate
cancer remains unclear, with one
exception. The number of CAG repeats
in the AR promotor has been found to
be associated with risk in most but not
all studies. Short CAG repeat lengths
are associated with increased AR
transactivation and higher risk com-
pared with longer repeat lengths.

Mechanisms of Estrogen 
Carcinogenesis: Genotoxic 
Activity of Estrogen 
Metabolites
There is a growing body of evidence
to suggest that estrogens might act as
carcinogenic factors not only through
the ER but also through a genotoxic
(deoxyribonucleic acid [DNA]-
damaging) mechanism.24 Estradiol

For prostate cancer, there is evi-
dence from studies with the NBL rat
model. Preceding cancer formation in
this model, at the exact site of tumor
development (the periurethral ducts),
there is DNA adduction, oxidative
DNA damage, and lipid peroxidation
in response to combined estrogen–
androgen treatment.24,26 In addition,
there is limited evidence for the pres-
ence in the NBL rat prostate of aro-
matase, the P450 enzymes necessary
for the formation of catecholestro-
gens, and the conditions necessary for
redox-cycling.27 Finally, there are also
indications that the sites of cancer
development (the periurethral ducts)
and dysplasia (dorsolateral prostate
acini) in the NBL rat have lower levels
of enzymes that protect against cate-
cholestrogens and redox-cycling.27 In
conclusion, there is evidence from an-
imal studies that estrogens can have
genotoxic activity in the rat prostate
and that this might be related to in-
duction of cancer by estradiol plus

nistic effects in some tissues (eg, en-
hancing the beneficial effects of es-
trogens on bone tissues) while exert-
ing antagonistic effects in others (eg,
inhibiting the harmful effects of es-
trogens on prostate cell proliferation).
Many of the selective effects of
SERMs seem to be mediated by their
influence on the interaction between
the ER and ER-coregulatory proteins
(coactivators and corepressors). Thus,
the binding of a SERM to the ER will
induce a conformational change in
the receptor, such that the ER will
interact to a greater or lesser extent
with the coregulators available. Be-
cause the amount of a given coregu-
lator differs in different tissues, the
ER can be either activated or inacti-
vated, depending on the availability
and/or concentration of coactivators
or corepressors. For example, tetrahy-
drochrysene (THC) acts as an ER� ag-
onist by stabilizing a conformation of
ER� ligand-binding domain that per-
mits coactivator association.29 In con-
trast, THC acts as an ER� antagonist
by preventing coactivator association.
SERMs also influence the stability of
ER and thus might affect the activity
of the ER by modulating the half-life
of the receptor in a cell.30

Tamoxifen, the first clinically used
antiestrogen SERM, inhibits prolifera-
tion of PC-3 and DU-145 prostate
cancer cells31 and induces apoptosis in
LNCaP cells.32 It also inhibits in vivo
growth of the CWR22 prostate cancer
xenograft in nude mice.33 Tamoxifen
has been studied in phase II clinical
trials with prostate cancer patients,
but therapeutic efficacy was uncer-
tain.34,35 A major problem with ta-
moxifen is its genotoxic effects on the
uterus and other tissues, where DNA
adducts have been found, and its use
has been associated with an elevated
risk of uterine cancer in women and
rats.36 In addition, compounds such as
tamoxifen have mixed antagonist and
agonist (� estrogenic) effects. It is not

The therapeutic advantage of SERMs is their potential for exhibiting ago-
nistic effects in some tissues (eg, enhancing the beneficial effects of estro-
gens on bone tissues) while exerting antagonistic effects in others.

(and DES) can be converted to so-
called catecholestrogen metabolites
by P450-mediated hydroxylation.25

Unless they are detoxified, these cate-
cholestrogens can undergo a process
called redox-cycling. This process
leads to the formation of reactive
oxygen species that can lead to DNA
damage and lipid peroxidation, as
well as to the formation of reactive
intermediates that can directly adduct
to DNA, which might lead to mutagen-
esis.24 There is evidence that this
happens in tissue culture and in ani-
mal models of estrogen-induced can-
cer, as well as a limited amount of
evidence from studies with human
breast cancer tissue.24,25

testosterone. There are at present no
human data in this regard.

Estrogen Ablation Therapy 
in Prostate Cancer
Estrogen ablation therapy has been
proposed for prostate cancer treat-
ment on the basis of observations in
preclinical studies, mostly with cells
in culture. Antiestrogens, which are
selective in their antiestrogenic
effects on different tissues, are often
referred to as selective ER modulators
(SERMs). SERMs have the potential to
act as ER agonists in some tissues but
as ER antagonists in others.28 Indeed,
the therapeutic advantage of SERMs
is their potential for exhibiting ago-



clear which of these 2 modes of action
is responsible for the beneficial effects
of tamoxifen found in preclinical
studies.

The anti-prostatic tumor effect of
raloxifene, a more recently developed
antiestrogenic SERM, has been investi-
gated in several tumor models.
Neubauer and associates37 reported that
raloxifene reduced the development of
pulmonary metastasis in a dose depen-
dent manner in the PAIII prostatic ade-
nocarcinoma model in Lobund-Wistar

prostate cancer cells (see, for example,
Morris and colleagues,44 Chinni and
Sarkar,45 and Davis and colleagues46).
These “nutriceutical” compounds might
offer alternatives to pharmaceutical
antiestrogens for estrogen ablation
therapy. In conclusion, there are
experimental observations suggesting
that antiestrogens might have thera-
peutic efficacy in prostate cancer, but
the limited studies with tamoxifen do
not support this concept in hormone
refractory disease. 

prostate cancers. Consequently, the
development and progression of both
HGPIN and histologic cancer should
be the objective of prostate cancer
chemoprevention.47 In addition, there
is evidence to suggest that there are
many different molecular pathways
and mechanisms that result in prostate
cancer in humans. One of these mech-
anisms might be oxidative damage,
such as found in the aforementioned
NBL rat model and likely to occur in
the human prostate in association
with prostatitis. Thus, it is probably
important that chemoprevention agents
have multiple anticancer activities.
Possibly important in this regard is
that many SERMs have mixed agonist
and antagonist action at the ER, as
well as other anticancer activities. This
might provide them with a broader
spectrum of chemopreventive activity
than pure antiestrogenic agents. At
the same time, it is critical that SERMs
used as chemopreventive agents are
very safe and have no genotoxic or
other adverse properties.

Estrogen Ablation in Prostate
Cancer Prevention
Preclinical therapeutic efficacy stud-
ies suggest preventive activity of
phytoestrogens and SERMs. There-
fore, the potential of these agents to
prevent prostate cancer has been ex-
plored in animal studies and in one
human clinical trial. The SERM anti-
estrogen toremifene inhibited in vivo
development and growth of prostate
tumors in the transgenic mouse
prostate cancer model.49 Toremifene
had suggestive protective activity in
men with HGPIN, in whom reversal of
HGPIN lesions was observed, and it
was well tolerated in a phase II clini-
cal trial.50

In one study, tamoxifen signifi-
cantly decreased the risk of develop-
ing androgen-induced tumors in the
LW rat.51 The pure antiestrogen ICI
182,780 also inhibited development

Estrogens in Prostate Carcinogenesis continued
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The concept of chemoprevention needs to be widened to include prevention
of growth and progression of already-existing cancer.

Prostate Cancer Chemoprevention
Chemoprevention is generally defined
as the inhibition of development of
premalignant lesions or of their pro-
gression to cancer by pharmaceutical
agents or nutriceutical compounds. For
prostate cancer, however, this concept
needs to be widened to include pre-
vention of growth and progression of
already-existing cancer.47 This shift in
thinking about chemoprevention when
applied to prostate cancer is based on
the observation that histologic prostate
cancer is common even in younger
men. For example, Sakr and col-
leagues48 reported that approximately
30% of men between the ages of 30
and 50 years have histologic cancers
in their prostate. In this elegant study
histologic cancers were found more
often than high-grade PIN (HGPIN) in
young men, casting some doubt about
the notion that HGPIN is the main or
only precursor of prostate cancer.48

However, the results of other studies
quantifying the prevalence of HGPIN
and histologic cancer in autopsy and
radical prostatectomy surgical speci-
mens obtained from African Ameri-
can and Caucasian men suggest that
HGPIN is an important, but not the
only, precursor of clinically relevant

(LW) rats. Kim and colleagues38 have
shown that raloxifene also induces
apoptosis in LNCaP cells.38 In women,
raloxifene mimics the beneficial effects
of estrogen on bone density without
some of the risks associated with
estrogen.39 A recent study in men re-
ceiving a gonadotropin-releasing hor-
mone agonist showed that raloxifene
significantly increases bone mineral
density of the hip and tends to increase
bone mineral density of the spine.40

The anti-prostatic cancer effects of
other SERMs including trioxifene,
ICI 182,780 and toremifene have also
been characterized. The antiestrogen
trioxifene inhibits in vivo growth and
progression of a transplantable rat
prostate tumor.41 The pure anti-
estrogen ICI 182,780 and the SERM
antiestrogen toremifene inhibit pro-
liferation of PC-3 cells.42 Toremifene
has similar genotoxic effects as
tamoxifen but at a much reduced
level, and there is no evidence of an
association with an elevated uterine
cancer risk in women and rats. It is
therefore considered a much safer
drug.43

Natural “phytoestrogens,” such as
genistein, indole-3-carbinol, and
resveratrol can inhibit proliferation of
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of prostatic dysplasia in the NBL rat
treated with estradiol plus testos-
terone.22 In contrast, tamoxifen did
not prevent prostate cancer in rats
treated with testosterone after admin-
istration with a chemical carcinogen,
but in this model there is no clear ev-
idence that the cancers were induced
via an estrogenic mechanism.

Summary and Conclusions
Estrogens and ERs are clearly linked
to the development and progression
of prostate cancer. These activities of
estrogens might be associated not
only with their ER-mediated effects
but also with the DNA-damaging and
potentially mutagenic activity of
some estrogenic compounds. ER-
mediated activity of estrogens that are
carcinogenic to the prostate in animal
models provides a rationale for the
exploration of using antiestrogens
that block the ER as preventive
agents. The results of one clinical trial
suggest that this is a realistic proposi-
tion. In addition, there is some evi-
dence to suggest that antiestrogens
can have therapeutic benefit as well,
but this has not yet been explored
clinically. Because chemoprevention
of prostate cancer should target not
only the development and progres-
sion of HGPIN but also histologic
prostate cancer, discovering drugs or
natural substances that interfere with
the development of both HGPIN and

cancer and progression of HGPIN
to cancer will be very important.
Because prostate carcinogenesis in-
volves androgens and oxidative
stress, which are associated with
inflammation and possibly estrogen
effects, mixed antiestrogenic, anti-an-
drogenic, and antioxidant activities of
agents or combinations of agents are
probably critical to the success of
chemoprevention of prostate cancer.
Successful agents must also be very
safe because of the very long duration
of their application in men at risk for
prostate cancer. Thus, SERMs offer the
possibility of prevention and/or treat-
ment of prostate cancer. Several ap-
proaches to prostate cancer chemo-
prevention and treatment are under
development.
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