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Introduction
�

Great strides have been made in the last 25 years
in the fight against breast cancer. One of the more
notable developments has been the search for
ways to prevent cancer. The development of se-
lective estrogen receptor modulators (SERMs)
has been a significant step towards achieving
that goal. Tamoxifen, an antiestrogen in the
breast and the pioneering SERM, has been the
gold standard, and often the only choice in many
countries for the treatment of breast cancer [1]. It
also became the first drug ever to be approved by
the United States (US) Food and Drug Adminis-
tration (FDA) for the chemoprevention of breast
cancer in high-risk women [1]. This chapter will
review the development of tamoxifen the proto-
typical SERM and its use and development as a
chemopreventive agent. In addition this article
will also highlight the emerging information re-
garding phytoestrogens that are being regarded
by some as natural SERMs.

Background
�

By the turn of the 20th century it was known that
oophorectomy in pre-menopausal women with
metastatic breast cancer could cause regression
of the disease [2], [3]. This showed a link between
products produced by the ovaries and the growth
of some breast cancers. The product was found to
be estrogen [4]. In 1936, Professor Antoine Las-
cassagne hypothesized that breast cancer was
caused by a special hereditary sensitivity to es-
trogen and suggested that the development of
an estrogen antagonist could prevent disease
[5]. Over twenty-five years later in 1962 Jensen
and Jacobsen [6] described the estrogen receptor
(ER) as the mediator of estrogen action, setting
the stage for the manipulation of this receptor
for multiple purposes [7].
Investigation of possible contraceptive agents led
to the reinvention of ICI 46 474, a failed contra-
ceptive agent, to become tamoxifen, the first tar-
geted anti-cancer agent. The study of tamoxifen

Abstract
�

Scientific achievements in the last two decades
have revolutionized the treatment and preven-
tion of breast cancer. This is mainly because of
targeted therapies and a better understanding of
the relationship between estrogen, its receptor,
and breast cancer. One of these discoveries is the
use of synthetic selective estrogen modulators
(SERMs) such as tamoxifen in the treatment
strategy for estrogen receptor (ER)-positive
breast cancer. Hundreds of thousands of lives
have been saved because of this advance. Not
only is tamoxifen used in the treatment strategy
for patients who have breast cancer, but also for
prevention in high-risk premenopausal women.
Another synthetic SERM, raloxifene, which was
initially used to prevent osteoporosis, is also as

effective as tamoxifen for prevention in high-
risk postmenopausal women. In certain regions
of the world, particularly in Asia, a low incidence
of breast cancer has been observed. These wom-
en have diets that are high in soy and low in fat,
unlike the Western diet. Interest in the protective
effects of soy derivatives has led to the research
of phytoestrogens and metabolites of soy that
are described by some as natural SERMs. As a re-
sult, many clinical questions have been raised as
to whether phytoestrogens, which are also found
in other natural foods, can protect against breast
cancer. This article reviews the development and
role of the more common SERMs, tamoxifen and
raloxifene. In addition, this paper will also high-
light the emerging studies on phytoestrogens
and their similarity and dissimilarity to SERMs.
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in the laboratory led to the finding that it inhibited the growth of
ER-positive breast cancer cells in vitro [8]. In addition, animal
studies showed that tamoxifen prevented rat mammary carcino-
genesis [9], [10] but had a stimulatory effect on rat uterine
weight [11]. The actions of non-steroidal antiestrogens were
clearly not wholly explainable as estrogen agonists or antago-
nists and a model to describe their unique actions led to the de-
velopment of the SERM concept [12], [13], [14].

What are SERMs?
�

SERMs are synthetic non-steroidal agents that bind to the ER and
produce a change in the biological activity of the receptor de-
pending on the tissue type. The primary target site for SERMs,
the ER, is a nuclear receptor. To fully understand the unique na-
ture of SERMs the actions of estrogen on the body must be revis-
ited. Estrogen in premenopausal women is primarily produced
by the ovaries. There are multiple target sites for estrogen and
it has various actions throughout the body. Estrogens decrease
cholesterol levels by lowering the circulating low-density lipo-
proteins (LDL). Its actions also include maintenance of bone den-
sity in postmenopausal women, and hormonal regulation, and
control of the menstrual cycle in premenopausal women. These
actions are summarized in ●� Fig. 1. In contrast, the effect of
SERMs depends on the target sites and is shown in ●� Fig. 2.
A pure estrogen agonist would be one that stimulates the posi-
tive action of estrogen at all its targets. Conversely, a pure antag-
onist would inhibit all the actions of estrogen at all of its target
sites. In contrast, SERMs have partial agonist and antagonist
properties depending on the target site hence their uniqueness.

Studies have shown that the partial agonist/antagonist proper-
ties depend on which associated coregulators are expressed
when the receptor/ligand interaction occurs [15]. The details of
the receptor/ligand interaction help us understand the mecha-
nism of action of SERMs.

Mechanism of action
There are two aspects to the mechanism of action of SERMs: the
pharmacokinetics or how the drug gets to the target site and the
pharmacodynamics or what it does when it gets there. Tamoxi-
fen (●� Fig. 3) is a lipophilic prodrug that is easily absorbed by
the gut without modification and 98 % is bound to albumin after
entering the circulation. It undergoes extensive metabolism in
the gastrointestinal (GI) tract and in the liver into its less active
form N-desmethyltamoxifen and two most active forms, 4-hy-
droxytamoxifen and endoxifen [16], [17], [18], [19]. Each of the
hydroxylated metabolites results from first pass metabolism in
the liver. These compounds enter the bloodstream via the enter-
ohepatic circulation to reach their target sites [18], [20], [21]. The
metabolites of tamoxifen are excreted via the fecal route as has
been shown by animal studies using 14C radiolabeled tamoxifen
[22]. These studies demonstrate that 67 % of these metabolites
enter the enterohepatic circulation and undergo further metab-
olism several times until excretion by the GI tract [23], [24]. 4-
Hydroxytamoxifen, and endoxifen have the same affinity for
the ER as estrogen. Other metabolites of tamoxifen do not have
as much effect or affinity for the ER as they lack the 4-hydroxy
group [18]. Recent studies demonstrate that the potent tamoxi-
fen metabolite endoxifen is produced by the product of the
CY2PD6 gene. In patients with mutations of the CYP2D6 gene or
patients who take other medications that compete for the en-
zyme product, metabolism of tamoxifen to the potent metabo-
lite endoxifen is affected and may therefore have less benefit
[25], [26]. Raloxifene (●� Fig. 3), another SERM, is a polyphenol,
which undergoes rapid conjugation in the GI tract and in the liv-

Fig. 1 The sites of action for estrogen.

Fig. 2 The sites of action of tamoxifen.
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er. In addition it also undergoes phase 3 metabolism by gut flora.
The bacteria directly glucuronidate and sulfate this compound
so that it is excreted [26], [27]. Since the drug does not reenter
the enterohepatic circulation, it does not reach its targets as effi-
ciently as tamoxifen. Also, a smaller percent enters the circula-
tion as only 2 % is bound to albumin and the half-life of raloxi-
fene is 27 hours [28]. As a result of differences in metabolism
and bioavailability, raloxifene is not as useful an agent in pa-
tients who already have breast cancer [29].
There are two isoforms of the ER, ERα and ERβ [6], [30] whose
distribution and density varies depending on the target site.
Both isoforms are found in the reproductive organs. Tamoxifen
binds both receptors with equivalent affinity [31]. Endoxifen
and 4-hydroxytamoxifen have similar affinities for both iso-
forms [32] and create similar gene expression profiles. Other li-
gands show preference for one isoform or the other, which may
explain specific target tissue responses with various com-
pounds. In many tissues, ERβ has anti-proliferative effects,
whereas, ERα has proliferative effects [33]. Studies indicate that
ER-β has an inhibitory effect on ER-α [34], [36], [35]. However,
the biology is more complex than a simple agonist/antagonist
interaction between the two receptors. The ratio of ERα to ERβ
at a target site may be important in determining the overall ac-
tion of a SERM on that tissue. A high ratio may correlate with
high levels of cellular proliferation while a low ratio implies the
opposite [36].
In the past, the interaction between SERMs and the ER was
thought to be a simple case of a ligand switching its target recep-
tor on or off. Through further research it is now known that this
interaction is a more complex and dynamic process. Studies us-
ing phage display created a fingerprint of exposed surfaces when
tamoxifen or estrogen was bound to the ER. Different conforma-
tional changes occur in the ER depending on the ligand that
binds to the ER. In addition, the fingerprint was different in ER-
α vs. ER-β when they were bound to identical ligands [37]. The
discovery of the steroid receptor co-activator protein (SRC1)
helped further to elucidate this complex interaction [40]. The
binding of an SERM to the ER results in a conformational change
in the ER [41], which results in the exposure of different amino
acids on the receptor and the binding of different coactivators.
Since the discovery of SRC1, dozens of other co-activator and

co-repressor molecules have been discovered; all of which play
some role in receptor modulation [15].
Finally, another dimension of signaling pathways can modulate
the ER. Activation of the ER by other growth factor pathways
can result in resistance to SERMs in a tumor.
This recruitment of specific co-regulators to the ligand receptor
complex depends on the ligand that binds to the ER, the ER iso-
form, and “cross-talk” with other growth factor pathways [38].
SRC-3 is known to be important as a co-activator in breast can-
cer. In tumors and cancer cell lines that are HER2-positive and
resistant to endocrine therapy with tamoxifen, studies demon-
strate that SRC-3 is recruited to ER-α, but not ER-β in the pres-
ence of tamoxifen. In specimens from patients who were HER-
2-negative and sensitive to endocrine therapy with tamoxifen,
estrogen recruited SRC-3 to both ER isoforms, but tamoxifen did
not [42]. Finally, when SRC-3 was knocked down, there was re-
duced expression of the estrogen target gene, pS2 in MCF7 cells.
After the SRC-3 knockdown in cells derived from HER2-positive
tumors, there was a decrease in cell proliferation and the cells
regressed in the presence of tamoxifen [42].
To summarize the molecular process thus far: once an SERM
binds to the ER it causes a change in the shape of the ER. This
change of shape allows recruitment of co-activators, if it is des-
tined to elicit an estrogenic response, or co-repressors if its re-
sponse is anti-estrogenic. The binding of the coregulatory mole-
cules leads to the activation of the promoter sequence of the es-
trogenic responsive gene [36]. This process is also controlled by
the degradation and disassembly of complexes at the gene pro-
moter site, which causes renewed activation of the signal to ini-
tiate RNA synthesis. In this way the SERM can specifically mod-
ulate the estrogen responsiveness of a target tissue (See review
Jordan [36]).

Clinical relevance
The full details of the mechanism of action of SERMs have yet to
be precisely described however, their clinical importance as an
advance in medicine is proven. Tamoxifen was initially tested in
humans in the early 1970 s, before extensive anti-tumor testing
in animals [39], [40]. Animal testing [1], [9], [10] refocused ef-
forts and targeted the ER [41], thereby opening the door for che-
moprevention. Through animal studies tamoxifen was found to

Fig. 3 A structural comparison of commonly
studied phytoestrogens and phytoestrogen me-
tabolites to SERMs.
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have targeted anti-tumor activity and initially, anti-estrogenic
activity correlated with anti-tumor activity. These findings led
to extensive human trials that helped consolidate the actions of
SERMs and refined their applications. In initial human studies
tamoxifen, an “antiestrogen”, was found to lower bone density
in pre-menopausal women [42]. However, the “estrogen-like”
actions of tamoxifen, maintained bone density in post-meno-
pausal women [43], [44]. In the uterus tamoxifen acts as an ago-
nist and increases the risk of endometrial cancer in post-meno-
pausal women [45]. The next sections review the large-scale
human chemoprevention trials of SERMs.

Chemoprevention
The first large human trial involving tamoxifen was the Royal
Marsden study performed by Powles and colleagues [46], [47].
For this study approximately 3000 high-risk women were re-
cruited and randomized to receive treatment with tamoxifen
20 mg/day for 8 years or placebo. High-risk status was deter-
mined by family history and a history of benign breast disease.
The study found a decrease in LDL and loss of bone density in
premenopausal women, but increased bone density in postme-
nopausal women and increased endometrial thickening on ul-
trasound study. Although this study initially showed no differ-
ence in the incidence of breast cancer, it was not powered to de-
tect a difference in the development of breast cancer with either
treatment group. Nevertheless, the twenty-year follow-up of
this study does show a statistically significant reduction in the
incidence of ER-positive breast cancer in the tamoxifen treat-
ment arm after the 8 years of treatment [48].
The National Surgical Adjunctive Breast and Bowel Project
(NSABP) P-1 trial by Bernard Fisher and colleagues was the first
major chemoprevention trial in the Unites Stated with tamoxi-
fen [49]. Over 13,000 women were recruited for this study in
multiple centers around the US and Canada. Once again high-
risk status was determined by family history, breast biopsy
with pathological findings of lobular carcinoma in situ or atypi-
cal ductal hyperplasia, no children, menarche by 12 and age at
birth of first child of over 30. The initial results of the NSABP trial
showed a 49% reduction in the risk of invasive breast cancer and
a 50% reduction in the risk of non-invasive breast cancer. Tamox-
ifen also reduced the incidence of osteoporotic fractures. No dif-
ference was seen in the risk of myocardial infarction but there
was an increased risk of deep venous thrombosis, endometrial
cancer and cataracts in the tamoxifen group.
Based on these clinical trials in 1998, tamoxifen was approved by
the US FDA for reduction of the risk of breast cancer in high-risk
women. Despite the positive results of the NSABP P-1 trial the
side effects noted in the tamoxifen group resurrected the inter-
est in other SERMs that had similar chemopreventive profiles to
tamoxifen but with a more desirable side effect profile. This has
led to human trials with raloxifene, an old compound, which had
not been studied much since its discovery in the late 1970 s [50],
[51].

Prevention of osteoporosis
In laboratory studies raloxifene was shown to inhibit DMBA-in-
duced rat mammary carcinoma growth [52] and development
[53], however, it was not as potent as tamoxifen. More impor-
tantly, raloxifene was as effective as tamoxifen in maintaining
ovariectomized rat bone density but was less estrogen-like than
tamoxifen in the rodent uterus [13] or in stimulating mouse en-
dometrial tumor growth [54]. The short half-life of raloxifene

makes it a difficult drug to dose, nonetheless; clinical trials
with raloxifene have also helped define its pharmacology. The
Multiple Outcomes for Raloxifene Evaluation (MORE) trial eval-
uated the effects of raloxifene in postmenopausal women [55],
[60]. This study was extended to eight years as the Continuing
Outcomes Relative to Evista (CORE) trial [61]. The results of the
MORE/CORE trials demonstrated the effectiveness of raloxifene
in preventing osteoporosis. In addition, raloxifene also inhibited
the development of invasive breast cancer by 65 % [61]. These
clinical data justified the evaluation of raloxifene against tamox-
ifen to reduce the risk of breast cancer in high-risk postmeno-
pausal women. The Study of Tamoxifen and Raloxifene (STAR)
trial, was a phase III double-blinded study that randomized eli-
gible postmenopausal women at a high risk for breast cancer, to
receive tamoxifen 20 mg daily or raloxifene 60 mg daily [56]. The
STAR trial demonstrated the equivalence of raloxifene and ta-
moxifen in reducing the incidence of invasive breast cancer. Fur-
thermore, raloxifene had a better side effect profile with a lower
incidence of endometrial cancer and hyperplasia, deep venous
thromboses and cataracts. A drawback of raloxifene, however,
was its decreased effectiveness in preventing the development
of non-invasive breast cancer after two years, when compared
to tamoxifen. Currently raloxifene is FDA-approved for the treat-
ment and prevention of osteoporosis, and risk reduction for
breast cancer in high-risk postmenopausal women.

Extending chemoprevention
The development of a chemopreventive agent such as tamoxifen
but which has significant side effects had led to interest in
whether naturally occurring compounds have similar chemo-
preventive effects. Epidemiologic observations have made this
question even more seductive. While the etiology may be un-
clear, it has been well documented that Asian women have a
lower incidence of breast and colorectal than Caucasian women
[57]. Asian diets in particular are high in soy foods, which are felt
to be responsible for this difference. When Asian women emi-
grate to western countries their incidence of breast cancer ap-
proaches that of the indigenous population [58]. This phenom-
enon has been observed in Japanese and Caucasian women who
emigrate to the United States. It has also been observed that the
risk of breast cancer in Asian Americans decreases in relation to
increasing intake of soy derivatives [59]. Additionally, Chinese
women who adopt a more westernized diet also appear to in-
crease their incidence of breast cancer. All these findings have
generated an interest in soy foods and its impact on hormone
levels in the body. Phytoestrogens are the focus of current inves-
tigations. However, it should be stressed at the outset that de-
spite beliefs of benefits from changes in diet and administration
of supplements, there are dangers that breast cancer growth
could be enhanced rather than prevented.

What are Phytoestrogens?
�

Phytoestrogens are plant derivatives that bear a structural simi-
larity to 17-beta-estradiol and act in a similar manner. Structures
of common phytoestrogens, SERMs and 17-beta-estradiol are
shown in ●� Fig. 3. The principal phytoestrogen groups are flavo-
noids, lignans, coumestans and stilbenes [60], [61], [62]. Phy-
toestrogens are present in common foods such as soybeans,
grains, fruits and vegetables. An in-depth review of the various
types of phytoestrogens is beyond the scope of this article, how-
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ever, common properties of most phytoestrogens include their
metabolism by gut flora to additional derivatives with varying
estrogenic activity. Many studies have focused on isoflavones,
which are a subgroup of the flavonoids, they include but are not
limited to genistein, daidzein and biochanin A. These isoflavones
have varying estrogenic activity [63] and isoflavones have been
proposed as natural SERMs. Studies show that isoflavones act as
antioxidants in vitro and exert antiproliferative activities [64],
[65]. Equol (●� Fig. 3), an estrogenic metabolite of the isoflavo-
noids family [66], is produced from daidzein by the action of in-
testinal flora. This metabolic conversion however occurs in only
30 % of the population [67].
Lignans, the most prevalent phytoestrogens in the diet are found
in whole wheat, fruits and vegetables. Lignans are metabolized
by the action of gut microflora into enterolactones and entero-
diol [60] with very weak estrogenic properties [66]. While there
are many studies on isoflavones, there are significantly fewer
studies on coumestans and stilbenes. Coumestans are potent ac-
tivators of the ER signaling pathway but are not as prevalent in
the diet. Resveratrol is the most common stilbene and its use as
a chemopreventive agent against breast cancer is actively being
studied in rodent models [60]. In the next section we will consid-
er the mechanism of action of phytoestrogens. The interaction of
phytoestrogens with ERs is in some ways similar to the SERM/ER
interaction, but there are significant differences that confound
biological comparisons.

Mechanism of action of phytoestrogens
Hydroxylated SERMs in general have a higher binding affinity for
both ERα and ERβ compared to phytoestrogens. As with SERMS,
phytoestrogens can bind to either ERα or ERβ however, phytoes-
trogens appear to have a higher affinity for ERβ [68]. This affinity
may be dose-dependent but overall phytoestrogens have a sig-
nificantly lower affinity for the ER than estradiol [69], [70]. In ad-
dition the estrogenic potency of phytoestrogens varies within
the particular phytoestrogen group. For example, within the fla-
vonoid family genistein has greater potency than biochanin A,
which has greater potency than daidzein [63]. Kuiper and collea-
gues [31] demonstrated that the stimulation of transcriptional
activity by both subtypes of the ER vary depending on the estro-
genic potency of the phytoestrogen and the further use of report-
er gene assays demonstrate that synthetic estrogens and phy-
toestrogens have varying affinity for the ER and for each ER iso-
forms [68].
SERMs are non-steroidal estrogens that become antiestrogenic
by virtue of their correctly positioned side chain. However, the
antiestrogen side chain is not present in phytoestrogens and
this structural deficit may therefore limit their classifications as
SERMs. Nevertheless, the presence of a correctly positioned phe-
nolic ring and also the distance between the two opposing phe-
nolic oxygens in the isoflavone structure is similar to that of 17-
beta-estradiol (●� Fig. 3). This similarity allows the isoflavones to
bind to either subtype of ER, effectively displacing 17-beta-es-
tradiol. Studies have found that isoflavones have both agonistic
and antagonistic effects, although they are strong ERβ agonists
and weak ERα agonists [71]. It is this pharmacological receptor
interaction rather than competitive interaction at a single recep-
tor site that may be responsible for some of the diverse biologi-
cal actions of phytoestrogens. This action may explain how phy-
toestrogens protect against breast cancer, because ERβ inhibits
mammary cell growth as well as the stimulatory effects of ERα
[72]. However, there is yet another dimension of molecular ac-

tion at the ER that might be important. It is not certain whether
isoflavones displace the estradiol by binding to a primary site on
the ER, causing competitive binding between the isoflavones
and the estradiol, or whether the isoflavones bind to a secondary
site on the ER [73]. In contrast, genistein has been found to bind
to the active site of ERβ [74].
Recent studies have attempted to decipher the actual role of
each receptor subtype in gene activation and physiological re-
sponse. Part of the problem in determining the physiological ac-
tions of phytoestrogens is our ignorance of the actual role of the
ERα and ERβ. For example, a study by Hertrampf and colleagues
[75] shows that the osteoprotective effect of genistein is medi-
ated through the ERα-dependent pathways and its effect is en-
hanced by physical activity. Also, the activation of ERβ may mod-
ulate ERα-mediated physiological effects in vivo.
Many factors such as the ligand, dose and interaction of the li-
gand and receptor all influence ER molecular biology at the tar-
get site [76].
As with the SERMs, studies have shown that the recruitment of
coregulatory molecules may be important in determining the
function of phytoestrogens. In particular, isoflavones appear to
selectively trigger ERβ transcriptional pathways, especially tran-
scriptional repression. This affinity for the ERβ results in the ex-
posure of a weak activation function-2 (AF-2) on the surface of
ERβ, which has greater affinity for certain coregulators com-
pared to ERα [72]. Phytoestrogens also have differential activity
on several ER associated signaling pathways. For example, Akt,
which is normally phosphorylated secondary to activation of
ERα, is up-regulated by genistein and daidzein in ER-positive
breast cancer cell lines, while resveratrol has an inhibitory effect
on the phosphorylation of Akt [77]. In contrast, in ER-negative
cell lines, resveratrol and daidzein activate Akt and genistein in-
hibits activation of Akt [77]. This is clearly a non-ER event, but
whether this is cancer-specific or a toxicity of studies conducted
in vitro can only be resolved with studies in vivo.
Although the isoflavones have agonistic and antagonistic estro-
genic effects, the phytoestrogens also induce differentiation as
well as inhibit angiogenesis, cell proliferation, tyrosine kinase,
and topoisomerase II; all of which will help prevent tumor
growth. However, it is important to stress again that despite the
fact that there have been numerous and extensive laboratory
studies on the mechanisms of breast cancer chemoprevention
with phytoestrogens, there is no definitive evidence that proves
that phytoestrogens are chemopreventive but they may contrib-
ute to adverse outcomes in breast cancer [78].

Cell and animal studies on the effect of phytoestrogens
Phytoestrogens have been likened to natural SERMs, and a brief
survey of cell and animal studies of phytoestrogens reveals some
similarities to SERMs such as tamoxifen. The approach to these
studies may be classified into three broad categories. The first
are studies that focus primarily on the role of phytoestrogens as
a chemopreventive agent. The second are those studies that fo-
cus on phytoestrogens as a treatment agent. The third are those
studies that focus on the biological effects when phytoestrogens
are used continuously from neonates to adults.
The first category focuses on the chemopreventive effects of
phytoestrogens in animal models that are subsequently treated
with a chemical carcinogen. Animal studies have shown that
when rats are treated with phytoestrogens and then exposed to
a carcinogen they are less likely to develop breast cancer if expo-
sure to phytoestrogens occurs at an early age [79], [80]. Lamarti-
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niere and colleagues [79] demonstrated that the timing of expo-
sure to phytoestrogens whether pre- or post-puberty, may influ-
ence their action on preventing mammary carcinogenesis. La-
martiniere [79] found that neonatal injections of genistein re-
duced the incidence of DMBA-induced mammary tumors in
rats. Further evaluation revealed that the overall effect of genis-
tein on prepubertal rats appeared to be secondary to early differ-
entiation in mammary tissues resulting in less active EGF signal-
ing pathways in adulthood that may be protective against breast
cancer. A recent meta-analyses by Warri et al. [81] revealed that
pubertal exposure to phytoestrogens result in changes in the
mammary gland morphology and signal pathways that mimic
those induced by the estrogenic environment of early first preg-
nancy.
The second group of studies focus on the use of phytoestrogen
treatments in both tumor-implanted athymic mice and breast
cancer cell lines. Studies have shown that treating estrogen-sen-
sitive MCF-7 cell lines with genistein has an inhibitory effect on
their growth [82]. However, not all studies have had such con-
clusive findings such as that the action of phytoestrogens on
breast cancer cells may be dose-dependent. At low concentra-
tions phytoestrogens may stimulate growth, and at high concen-
trations inhibit growth [66], [82], [83], [84], [85]. The studies by
Helferich help elucidate the dose-dependent actions of isofla-
vones [93], [86]. In animal studies, in which ovariectomized
athymic mice were implanted with MCF-7 cells, genistein pro-
motes the growth of ER+ MCF 7 cells and the effect of this isofla-
vone was dose-dependent. At concentrations as low as 10 nM
genistein promoted growth of ER-dependent MCF-7 cells in
vitro [86]. At higher concentration (> 20 microM) genistein in-
hibited the MCF-7 cell growth. In addition genistein can stimu-
late growth of MCF-7 cells in vivo in a dose-dependent manner
[87]. Clearly, these data call for caution with the use of phytoes-
trogens in women with breast cancer.
Indeed, the early study by Welshons et al. [66] cautioned against
the use of antihormonal therapies that did not block the ER for
the treatment of breast cancer because high fiber or exclusively
vegetarian diets with phytoestrogens-containing food supple-
ments could enhance the probability of tumor recurrence and
growth. Furthermore the combination of phytoestrogens and ta-
moxifen to treat breast cancer may result in decreased efficacy of
tamoxifen. In a study evaluating the development of tumor and
the tumor latency period, tamoxifen-treated mice fed a low dose
isoflavone-enriched diet had a higher tumor incidence and a
shorter tumor latency period than placebo-treated mice [95]. In
addition tamoxifen-associated mammary tumor prevention was
also significantly reduced. Nevertheless, certain phytoestrogens
have also been noted to cause apoptosis of human breast cancer
cells and this occurred at concentrations of 20– 25 micromol/L
[88], [89], [90]. While phytoestrogens have been observed to
cause these various actions in vitro, it is unclear that in vivo the
concentrations needed to achieve these actions are attainable. In
animal studies a protective effect of phytoestrogens on the de-
velopment of mammary cancer are conflicting [91], [92]. Santell
and colleagues [92] have shown that while genistein may inhibit
breast cancer cells in vitro, treatment of tumor-bearing athymic
mice with genistein did not inhibit tumor growth, however in
their study ER-negative human breast cancer cell lines were
used. It would seem that the ability of phytoestrogens to be toxic
in vitro at high concentrations does not extrapolate to models in
vivo where the ability to maintain high local concentrations for
long periods may be impaired.

A third approach is the study of the effects from early exposure to
phytoestrogens from the perinatal periods and onwards. This ap-
proach was recently adopted by Mardon and colleagues [93]. Rats
perinatally or lifelong exposed to a rich isoflavone diet exhibited
higher body weight and fat mass at 24 months of age. Perinatal
exposure to phytoestrogens led to higher bone mineral density in
later life [93]. The translation of these data to human epidemiolo-
gy and pharmacology is the challenge and has no immediate ap-
plication to effects on mammary carcinogenesis. The observation
is an estrogen-like action on bone rather than SERM related.

Human trials
Human trials on phytoestrogens differ from SERMs because un-
like the SERMs, there are no major large-scale prospective stud-
ies of chemoprevention and pharmacology. Human studies on
phytoestrogens can be divided into two broad categories. The
first are studies that evaluate the effect of phytoestrogens on es-
trogen biosynthesis and excretion, the second are those studies
that evaluate the overall impact of dietary phytoestrogens on
specific clinical endpoints such as menopausal symptoms and
bone mineral density presumably through a stimulatory action
through the ER. Many studies have examined the use of phytoes-
trogens as chemopreventive agents; however, these studies are
of limited value as they are retrospective.

Estrogen biosynthesis and excretion
Human studies on the effect of phytoestrogens on estrogen bio-
synthesis and excretion usually evaluate levels of circulating es-
trogen or steroid by-products and metabolites in the urine. In
addition in many of these studies the levels of phytoestrogens
are also measured and factors that affect these levels are ex-
plored. Human studies have shown conflicting results regarding
the overall effect of phytoestrogens. Lu and colleagues [94] trea-
ted 10 pre-menopausal women with a soy-containing diet be-
ginning on day two of the menstrual cycle to day two of the
next cycle. Blood and urine samples were obtained before and
during the initiation of the soy diet. Their results showed that
the circulating levels of 17-beta-estradiol decreased by 25 %,
however, cycle length did not change [94]. A dietary intervention
study by Kumar and co-workers showed similar findings [95].
This study randomized women to receive 40 mg of isoflavones
day or placebo for a 12-week period. They found that serum
free estradiol and estrone levels decreased. Serum hormone
binding globulin increased and mean cycle length also in-
creased. Conversely, a year-long dietary intervention study by
Maskarinec and co-workers [96] in premenopausal women did
not find any difference in cycle length or hormone levels. These
studies raise the question that while dietary intake of phytoes-
trogens is important, intake alone may not be the determinant
of a chemoprotective effect.
Since a Finnish case control study [97] suggests that high entero-
lactone concentrations are associated with decreased breast
cancer risk., it is possible that lifestyle factors that affect entero-
lactone may be linked to breast cancer risk. Whether these life-
style factors that control enterolactone levels are linked to breast
cancer risk remains to be seen. Administration of antibiotics has
been noted to decrease the serum concentration of enterolac-
tone for a prolonged period [98]. Premenopausal women who
are treated with long-term antibiotics for urinary tract infec-
tions seem to be at higher risk for breast cancer, presumably be-
cause it alters the gut metabolism of phytoestrogens [99]. Smok-
ing and obesity have been noted to decrease plasma enterolac-
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tone levels, however, tea, coffee, fiber and vegetables have the
opposite effect [100]. In a study monitoring plasma entero-
lactone levels, women were noted to have a higher plasma con-
centration while on wheat bread 41.1 nmol/L compared to
15.4 nmol/L while on white bread [67]. Links to actual cancer
risk do not exist but associations have been noted.
In human studies, it is often difficult to measure serum levels of
phytoestrogens, because of a short half-life. Since most phytoes-
trogens are excreted in the urine, urine analysis of metabolites of
phytoestrogens can be used to give an indication of exposure to
phytoestrogens [101]. Urinary excretion of phytoestrogens varies
in different regions of the world [102]. Women in areas with a
low incidence of breast cancer have higher urinary isoflavonoids
than women living in areas with a high incidence of breast can-
cer. Vegetarians also have a higher concentration of isoflavo-
noids in their urine than omnivores [103]. The excretion of equol
in the urine has been proposed as a possible marker of the che-
moprotective effect of phytoestrogens [112], [113]. Duncan and
colleagues [104] studied the hormone profile of equol excretors
versus equol non-excretors and found that regardless of the
amount of phytoestrogens ingested in the diet, equol excretors
had decreased levels of estrone, estrone sulfate, testosterone,
DHEA and higher levels of steroid hormone binding globulin.
This steroid hormone profile has been found to be a protective
profile for breast cancer. The possible mechanisms to create a
“change profile” may include the findings that phytoestrogens
stimulate the production of sex steroid binding globulin by liver
cells [103] and have inhibitory effects on the enzymes involved
in the synthesis of estrogen. Phytoestrogens are known to de-
crease the conversion of androgens to estrogen by blocking the
aromatase enzyme system. [105].

Phytoestrogens and cinical endpoints
The second group of human studies are those that focus on the
effect of phytoestrogens on focal clinical endpoints. These end-
points vary and include alleviation of menopausal symptoms,
maintenance of bone mineral density and development of breast
cancer in some retrospective studies. Given recent concern re-
garding the possible adverse effects of hormone replacement
therapy other alternatives for treatment of menopausal symp-
toms have been explored and phytoestrogens have played a sig-
nificant role. A recent Cochrane review of the database revealed
no clear evidence of the effectiveness of phytoestrogens in alle-
viating menopausal symptoms [106]. This notwithstanding,
there are some small trials which show a benefit to using phy-
toestrogens for treating menopausal symptoms. In a double-
blind prospective study sixty women were randomized to re-
ceive 60 mg of isoflavones daily for 3 months or placebo [107].
The menopausal symptoms before and after treatment were re-
corded. Women receiving the phytoestrogens treatment noted a
57 % and 43 % decrease in the incidence of hot flashes and night
sweats, respectively. Similar results were seen in a small trial us-
ing a 6-week treatment of flaxseed for the treatment of meno-
pausal symptoms [108]. Some investigators are evaluating the
use of phytoestrogens as alternative agents to hormone replace-
ment therapy (HRT) in the management of postmenopausal
symptoms [107]. Recently, prenylated flavonoids derived from
hops are being used to treat menopausal symptoms. One such
compound is 8-prenylnaringenin (●� Fig. 3) that has strong es-
trogenic activity [109]. MenoHop an agent containing the phy-
toestrogen 8-prenylnaringenin, is currently being evaluated to
treat menopausal complaints in Belgium [110].

The relationship between phytoestrogens and bone health re-
mains unclear, with some studies showing a benefit associated
with phytoestrogen treatment and others showing none [111].
Supplementation of diet with isoflavones has been shown to
help maintain lumbar spine bone density [122], [112]. A
randomized double-blind control trial was performed to com-
pare with HRT, the effect of the phytoestrogen genistein on
bone metabolism and bone mineral density [113]. Patients were
randomized to receive either HRT daily (1 mg of 17-beta-estra-
diol and 0.5 mg norethisterone) or genistein 30 mg daily or pla-
cebo daily for a period of 1 year. On completion of this protocol
women receiving the HRT and genistein had significantly in-
creased bone mineral density in the femur compared to those
in the placebo group. In another randomized control trial, Atkin-
son and colleagues [114] showed that women receiving an iso-
flavones extract had a decreased loss of lumbar spine bone min-
eral content and bone mineral density compared to placebo.
Direct studies on the efficacy of phytoestrogens in preventing
breast cancer are difficult given the length of time required to
perform such a study. Indeed, this obstacle with phytoestrogen
research illustrates how powerful SERMS are to produce dramat-
ic decreases in breast cancer incidence within 5 –10 years [55],
[115]. However, surrogate endpoints such as the effect of phy-
toestrogens on breast cell proliferation and mammographic den-
sity have been studied. Increased breast cell proliferation and in-
creased mammographic density are risk factors for malignancy.
Short-term dietary supplementation with phytoestrogens stim-
ulates breast epithelial proliferation [116]. This finding has also
been noted in premenopausal women treated with prolonged
phytoestrogen intake [117]. This breast proliferation is evident on
mammograms as increased mammographic densities and some
of these parenchymal patterns are associated with a higher risk
of breast cancer [118]. These histological findings are supported
by the observation of increased high risk parenchymal sonograph-
ic patterns in women who report low dietary soy protein intake
[119]. Other studies such as that by Maskarinec and colleagues
[120] show a similar finding in mammographic density in women
treated with prolonged phytoestrogen supplementation.
As noted in animal studies, [101] the age at which a woman is
exposed to phytoestrogens and length of exposure to phytoes-
trogens may be important in determining whether a protective
benefit is obtained. A prospective 12-ear study of diet and breast
cancer by Key and colleagues [121] of over 30,000 women in Ja-
pan showed that there was no relationship found between soy
food consumption and the development of breast cancer, how-
ever this study was comprised of mostly non-adolescent wom-
en. In contrast, Shu and colleagues [122] performed a retrospec-
tive case controlled study on Chinese women with breast cancer.
Subjects completed a questionnaire regarding their dietary in-
take in adolescence. A high soy consumption as an adolescent
was associated with a decreased incidence of breast cancer as
an adult. This may also explain why when women emigrate to
countries with a higher incidence of breast cancer than their na-
tive country, they are more likely to have a decreased incidence
of breast cancer if they emigrated after puberty [123].
While there is increasing excitement at the possible role of phy-
toestrogens as chemopreventive agents or as complimentary al-
ternative medicine for menopausal symptoms their safety pro-
file remains largely unknown and concerns regarding this have
been raised in two recent reviews [124], [125]. Isoflavones such
as genistein have been found to stimulate the growth of MCF-7
cells [86], [93]. Some studies have shown that soy products in-
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crease breast epithelial cell proliferation [125], [126], which may
increase the risk of breast cancer. These findings suggest caution
in the broad use of phytoestrogens. In addition the interaction of
phytoestrogens and tamoxifen inbreast cancer patients may
negate the protective effects of SERMs and caution has een ad-
vised against thebination of these two agents [126].

Conclusion
�

Since their discovery the use of SERMs in clinical practice contin-
ues to expand [127], [128], [129]. As our knowledge of phytoes-
trogens grows, so does our understanding of their interaction
with the ER and ability to possibly act as a natural SERM or con-
versely to antagonize the actions of SERMs. However, based on
their structure-function relationships, the molecular endocri-
nology of SERMs and phytoestrogens is very different and the
phytoestrogens appear to act as ER agonists at low concentra-
tions but may act as antagonists by biochemical mechanisms
through the ER beta receptor complex. Despite the advances in
the treatment of breast cancer, prevention if possible must be
superior to treatment. Currently tamoxifen and raloxifene are
the first important steps in the quest to develop a complete pre-
ventative agent. In the future, a role, if any for the phytoestrogens
or their derivatives may emerge, but current research is too weak
to provide any clinical guidelines beyond caution. Alternatively,
clues from laboratory studies may prove to be important in future
drug development. An example of this is the current interest in
the pharmacology of resveratrol which may have valuable phar-
macological actions not mediated via the ER [130], [131].
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