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ESTROGEN MODULATION AND TREATMENT OF BREAST
CANCER
Evidence suggests that hormones play a major role in the etiology of breast cancer, with the risk
of developing malignancies related to the cumulative exposure of the breast to estrogen and
progesterone, which stimulate the growth of tumor cells (Murphy 1998, Yager 2000). Estrogen
receptors are expressed in approximately 35-55% of all breast tumors but up to 80-90% of
tumors from women older than 55 years (Kuerer et al 2001). Since 1896, when Sir George
Beatson demonstrated that ovariectomy induced regression of mammary tumors in women, the
aim of endocrine breast cancer therapy has been to selectively deprive the body of estrogen.
Ovariectomy accomplished this by removing the gland that is the predominant source of
estrogens in premenopausal women. Since the avoidance of such surgery is preferable, emphasis
is devoted to the pharmacological inhibitors of estrogen production. The most recent area of
clinical research has been in selective estrogen receptor modulators (SERMS) which are capable
of behaving as both agonists and antagonists in different tissues at different times (NIH May
2002).

Substantial evidence supports the concept that estrogens cause breast cancer in animals and in
women but the precise mechanism is unknown.

How estrogen might cause breast cancer

Endogenous estrogens stimulate proliferation of breast cells and thus statistically increase the
chances for genetic mutations.

Estrogen metabolism generates oxygen-free radicals and quinones which produce both stable and
unstable DNA adducts and result in genetic mutations which accumulate and could ultimately
cause cancer.

In situ synthesis of estrogen due to the over-expression of intra-cellular aromatase (Santen
2001).

Estrogen is a steroid hormone, manufactured in the body from cholesterol by way of
pregnenolone, progesterone, androstenedione and testosterone. The final step in the pathway is
conducted in the ovaries, adrenal glands and skin. Exogenous estrogens may contribute to the
total load although the extent to which this is significant is unproven (Nakagawa et al 2000,
McDougal 1998).
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Xeno-hormones may work bi-functionally, through genetic or hormonal paths, depending on the
periods and extent of exposure. Xeno-hormones can modify DNA structure or function..

Two distinct mechanisms can influence the potential for aberrant cell growth: compounds can
directly bind with endogenous hormone or growth factor receptors affecting cell proliferation or
compounds can modify breast cell proliferation altering the formation of hormone metabolites that
influence epithelial-stromal interaction and growth regulation. Beneficial xeno-hormones, such as
indole-3-carbinol, genistein, and other bioflavonoids, may reduce aberrant breast cell
proliferation, and influence the rate of DNA repair or apoptosis and thereby influence the genetic
or hormonal micro-environments (Davis et al 1997, Osbourne 1999).

Estrogen is comprised of three main types: Estrone, Estradiol and Estriol, with Estrone conferring
the least cell-proliferant activity and Estriol conferring the most. Estrogen manufactured and
active in peripheral tissues and organs eventually ends up in the liver where it is metabolized for
excretion. Hydroxylation reactions in phase I detoxification yields 16alpha hydroxyestrone
(16alpha-OH), 4 hydroxyestrone (4-OH) or 2 hydroxyestrone (2-OH).

All three hydroxyestrones can be excreted via glucuronidation, methylation or sulfation and are
eliminated in bile and urine. The 2-OH is the most readily excreted and hence is considered
favorable in cancer prevention (Yue et al 1997, Muti et al 2000). 16alpha-OH may be reduced to
form estriol..

In the presence of certain critical co-factors, (L-methionine, B12, B6, S-adenosyl methionine, S-
adenosyl homocysteine, choline, folate, magnesium) 4-OH is cycled into 2-OH in the liver. In the
absence of these co-factors, and in the absence of adequate levels of anti-oxidants, then 4-OH
may oxidize into toxic quinines..

Unavailability or deficiency of glutathione-S-transferases, the family of iso-enzymes that act as
intra-cellular anti-oxidants, permits the onwards formation quinones into toxic mercapturates
(Maugard et al 1998).

The physiological effects of estrogens are mediated by ligand-activated nuclear transcription
factors, the estrogen receptors (ERs). The ERs and other steroid hormone receptors are members
of the nuclear receptor family of transcription factors that exhibit common structural domains. .

ERs are predominantly located in the nucleus, although they can move between the nucleus and
the cytoplasm, where they are complexed with heat shock proteins (hsp56, hsp90 and possibly
hsp70) until activated by an appropriate ligand (COT 2002). Bound ERs dissociate from hsp’s and
subsequently dimerise and undergo a conformational change. The activated dimers have high
binding affinities for specific DNA-binding sites called oestrogen receptor response elements
(ERE) which are situated in promoter regions upstream of estrogen-sensitive genes. Proteins
known as coactivators or corepressors, are believed to be essential for ER action and influence
the level of expression of oestrogen-responsive genes. .

Binding to the ERE results in the initiation or repression of target gene transcription and
ultimately elicits a biological response (Clarke et al, 1996; Diel et al, 1999; Fitzpatrick, 1999;
Gillesby & Zacharewski, 1998). Normal human mammary tissue has been shown to
predominantly express ERb mRNA, whereas most ER-positive breast tumours appear to exhibit
increased ratios of ERa:ERb (Leygue et al, 1998; Speirs et al, 1999). .

It has been shown that ERa and ERb signal in opposite ways from the activator protein 1 (AP1)
site when complexed with estradiol. With ERa, estradiol has been found to activate transcription,
whereas with ERb, estradiol inhibits transcription. Moreover, anti-estrogens such as tamoxifen
and raloxifene are potent activators of transcription with ERb at an AP1 site. Thus the two ERs
signal in different ways, depending on both ligand and response element (Paech et al, 1997). The
estrogen binding site is flexible and can accommodate a wide variety of compounds with
structural similarities to estradiol, such as the phytoestrogens. Estradiol binds with equal affinity
to both ERa and b (Kuiper et al, 1997). However, the phytoestrogens, coumestrol, genistein and
daidzein show greater selectivity towards binding to ERb (Kuiper et al, 1997).

The difference in the amino acid sequence between ERa and b accounts for this selectivity (Pike
et al, 1999). It is unknown whether the lignans have selectivity for one receptor subtype (COT
2002). The estrogen receptor can also be activated in the absence of a ligand by phosphorylation.
Epidermal growth factor, human epidermal growth factor receptor-2 (HER-2) and insulin are all
capable of activating the ER through mechanisms involving the Ras signal transduction pathway.
This pathway includes the mitogen-activated protein kinase (MAPK) family and is responsible for
the phosphorylation of many proteins involved in cell signalling. .

Several studies have shown that phosphorylation by MAPK can bring about the activation of ER in
the absence of ligand (Gillesby & Zacharewski, 1998). Thus, it is possible that interference with
this pathway may produce oestrogen-like effects without direct ER-ligand interactions..



Key therapeutic strategies

A number of factors contribute to the formation, development and progression of breast cancer
and many of them offer opportunity for intervention. .

Hormonal (estrogen) signaling may be modulated by regulating the formation, function and
excretion of estrogens. This may be acheived, for example,.

by ingestion of dietary phyto-estrogens or by modulation of gut microflora and of hepatic
metabolic processes with dietary items and nutritional supllements, as well as with targetted
drugs..

Angio-genesis and consequent metastasis may be inhibited in many ways:

* Signal transduction pathways may be modulated by inhibiting a variety of growth factors (Fidler
2000, Goldman and Melo 2001, Earlbaum 2000), Epidermal Growth Factor (EGF), Fibroblast
Growth Factors (FGF), Transforming Growth Factor (TGF), Platelet-Derived Growth Factor (PDGF),
Insulin-Like Growth factors(ILGF), Protein Tyrosine Kinase (PTK), Protein Kinase C (PKC), tumor
suppressor genes, Vascular Endothelial Growth Factor (VEGF) and reticular activating system
(RAS). Protein kinases are essential enzymes for cellular growth and differentiation.

They allow cells to respond to external stimuli through signal transduction pathways by catalysing
the phosphorylation of serine, threonine and tyrosine residues in proteins (Scott & Pawson, 2000).
A number of studies have shown that genistein can inhibit tyrosine kinases in vitro (COT 2002).
Akiyama et al (1987) demonstrated that genistein (150 mM) inhibited tyrosine kinase activity by
binding to the catalytic domain of the enzyme. Genistein (100 mM) suppressed growth of MCF-7
breast cancer cells in response to insulin by inhibiting insulin induced tyrosine kinase activity
(Pagliacci et al, 1994).

Dalu et al (1998) demonstrated that increasing concentrations of genistein in the diet (250-1000
mg/kg diet) inhibited tyrosine-phosphorylated proteins of 85 and 170 kD in rat prostate.
Genistein (1000 mg/kg diet) repressed the expression of EGF (epidermal growth factor - a protein
involved in cellular proliferation) and its phosphorylation product by 50% and inhibited expression
of ERb2. (estrogen receptor beta 2).

However, kinase inhibition may be cell dependent and modulated by the concentrations of
estradiol and other growth factors suggesting that genistein may not consistently inhibit tyrosine
kinase (Panno et al, 1996; Peterson, 1995; Peterson, 1995; Peterson & Barnes, 1993; Peterson &
Barnes 1996; Peterson et al, 1996; Twaddle et al, 1999). Alpha-tocopherol (vitamin E)
supplementation has demonstrates an inhibitory effect on VEGF (WoOdson et al 2002)..

* Angio-genesis may also be inhibited by regulating the process of inflammation that the tumor
uses to promote angiogenesis (Harris et al 1999, Watson 2001, Tang et al 1995, Dethelfsen et al
1994). This is achieved through several mechanisms including cyclo-oxygenase 2 (COX 2), 5, 12
& 15 lipoxygenase (LOX), platelet aggregation and Hydroxyl-3-methylgutaryl coenzyme A
reductase (HMG CoA reductase) and by chelating copper from the system. Many compounds exert
anti-inflammatory and chemo-protective effects, including Curcumin from Turmeric. (Levi et al
2001, Jaga and Duvvi 2001).

Urokinase type plasminogen activator (uPA) and matrix metalloproteinease (MMP) are two
families of enzyme modulators that tumor cells use to alter the extra-cellular fluid matrix (ECF)
such that they can spread more easily. Their expression is regulated by oncogenes, tumor
promoters and growth factors. In health their expression is prevented by specific inhibitors in the
matrix. (Heber et al 1999, Folkman 1995). Stabilizing the ECF, which is a form of connective
tissue, can reduce cancer spread. The use of glycosaminoglycans (GAGS) as a nutritional
supplementation has shown promise in treating cancer for this reason. The herbalist would turn
to collagen strengthening agents (connective tissue tonics) such as Horsechestnut, Gotu kola or
Plantain.

Cell adhesion molecules (CAM) are cell receptors that control intra-cellular and inter- cellular
communication. CAMs regulate organ architecture, cell migration, cell differentiation, apoptosis
(programmed cell death), mitosis, platelet aggregation and the activity of the immune system.
There are 4 main classes of CAMs: cadherins, integrins, cell surface lectins and Immuno- globulin
Super Family Cell Adhesion Molecules (ISCAMs). (Heber et al 1999). Activating CAMs may
represent a novel approach to cancer therapy.

PHYTO-ESTROGENS

Isoflavones



(soybeans, lentils
and other legumes)

Genistein
Diadzein 
Equol
Glycitiein
Biochanin A
Formononetin

Coumestans
(Legume sprouts)

Coumestrol

Prenylflavonoids
(Hops, beer)

8 Prenyharingenin 
6 Prenyharingenin 
Xanthohumol
Isoxanthohumo

Lignans
(cereal.Flax, fruits, vegetables)

Lariciresinol
Iso- Lariciresinol
Matairesinol 
Enterolactone
Seco-isolariciresinol
Enterodiol

Botanical & nutritional intervention in breast cancer

Much recent research has focused on the influence of a variety of naturally occurring substances
or their synthetic analogues. Phyto-estrogens, many of them flavonoids in nature, as well as
other flavonoids, lignans, catechins, progestins and essential fatty acids have been investigated
and many have shown significant promise in reducing the occurance and spread of breast cancer.
An extensive literature review revealed thousands of supportive citations for the idea of
supplementing the diet with specific botanicals and nutritional supplements and a few inconclusive
or dismissive.

In many cases the results of research have demonstrated variable results according to dose or
potency of test material. At low concentrations, genistein and coumestrol significantly enhanced
E2-induced and tyrosine kinase-mediated DNA synthesis; at high concentrations, inhibition was
observed. Differing effects are observed with other compounds (Wang and Kurzer 1998).

Research also suggests that the estrogenic effect of isoflavones may not be mediated via direct
interaction with estrogen receptors but via stimulation of the central nervous system by
hypothalamic GnRH and subsequent production of endogenous oestrogens mediated by
gonadotrophins released from the pituitary (COT 2002).

Additionally, phytoestrogens have been shown to both stimulate and inhibit cell proliferation in
estrogen dependent cell lines. These effects appear to be concentration dependent, as
phytoestrogens stimulate proliferation in the 0.1-10 mM concentration range but inhibit
proliferation at higher concentrations (> 10mM). It has been suggested that the proliferative
effects of phytoestrogens may reflect direct receptor mediated responses, whereas the inhibitory
effect are not directly mediated via the estrogen receptors. This proposal is supported by
evidence that phytoestrogens do not stimulate proliferation of ER-negative cells, but are still
inhibitory to their growth at high concentrations 

(Pagliacci et al, 1994; Wang et al, 1996; Record et al, 1997; Wang & Kurzer MS, 1997; Zava &
Duwe, 1997; Barnes, 1998; Miodini et al, 1999).

Estrogen receptors are expressed in the central nervous system (CNS) (Kuiper et al, 1998;
Shughrue et al, 1997). Estrogens are known to be active in a number of areas of the brain and
spinal cord, where they are thought to influence behaviour, movement, cognition, pain sensitivity
and have a protective effect on the development of neurodegenerative diseases (McEwen, 1999).
Therefore phytoestrogens may also exert similar effects in the CNS despite the fact that they do



not easily cross the blood brain barrier. In a study by Lund et al (2001), an increase in COX-2
was found in the brain tissue of adult male, but not female, rats fed an isoflavone supplemented
diet (600 mg/kg) during gestation, lactation through to adulthood.

The effect of coumestrol on oestrogen responsive receptors in the brain was examined in ERa
knock out and wild type ovariectomised mice. The mice were fed coumestrol (200 mg/kg diet) for
10 days from PND 45 and some animals were also treated with physiological levels of estradiol.
Coumestrol treatment had no effect on progesterone receptor expression in the brain but did
reduce plasma LH levels. In contrast, estradiol treatment increased progesterone receptor
expression and decreased plasma LH levels.

The increase in progesterone receptors seen with estradiol was attenuated when animals were
co-administered with coumestrol and estradiol. The effects of coumestrol and estradiol were
markedly reduced in ERa knock out animals suggesting the effects may be mediated by ERa
(Jacob et al, 2001).

Estradiol is known to affect the development and organization of lymphoid tissues and the activity
of various cellular vectors of immune function. In general terms, females display more vigorous
immune responses than males (Ansar Ahmed et al, 1985; Grossman, 1984). Estrogen regulates
the activation of macrophage production and can cause depression of cell-mediated immunity
(Luster et al, 1984). Exogenous levels of estrogens administered to adult female mice increase
activity of lymphoid target cells, as well as with non-lymphoid tissue, resulting in the release of
soluble immuno-regulatory factors. There is evidence that estrogen receptor activation can
influence lymphoid development.

In recent investigations by Erlandsson et al (2001), it was shown that in male mice ERa, but not
ERb, is required for normal development of lymphoid tissue. Mice lacking ERa (ERKO mice)
exhibited hypoplasia of both the thymus and spleen and had an increased number of immature
(CD4+/CD8+) thymocytes. Several other in vivo animal studies have demonstrated marked anti-
inflammatory and immune-stimulating effects of genistein and diadzein (Sadowska-Krowicka et al
1998, Zhang et al 1997, Guo et al 2001). These relationships of estrogen and immune function
may hold promise for therapeutic intervention in immuno-compromised conditions such as cancer
using phyto-estrogens, but much clinical research remains to be done in this area. 

Opportunities to inhibit estrogen formation

Circulating steroid sulphates are thought to be the major source of estradiol in post-menopausal
breast tumors and sulphation is a key step in the activation of some dietary pro-carcinogens (Kirk
et al 2001). Steroid sulfotransferase catalyses the addition of sulfate to steroid-like compounds
and steroid sulfatase catalyses the reverse reaction. The equilibrium between these opposing
reactions usually lies towards the sulfated compounds and their concentrations are 10-30-fold
higher than the unconjugated forms (Harris et al, 2000).

Steroid sulfatase activity is of particular importance to post-menopausal women as it produces
biologically active estrogens from the less active estrone sulfate and dehydroepiandosterone
(DHEA) sulfate in breast tissue. In many breast cancer tumours, estrogen sulfotransferase activity
is lower than in normal tissue, and this may account for the increased sensitivity of breast
tumours to estrogen (Qian et al, 1998). Harris et al (2000) reported that 4-p-ethylphenol, a
metabolite of genistein can act as a sulfotransferase substrate. However it remains to be
determined if dietary phytoestrogens can generate sufficient 4-p-ethylphenol to reduce the
activity of these enzymes in target tissues. Wong & Keung (1997) demonstrated that daidzein
sulfoconjugates are potent inhibitors of steroid sulfatase and sulfotransferases. The 17b-
hydroxysteroid oxidoreductase (17b-HSOR) enzymes, occur as two isoforms (I and II), involved
in the interconversion of estrone to the more active estradiol. Thus 17b-HSOR I converts estrone
to estradiol while 17b-HSOR II converts estradiol to estrone.

Phytoestrogens have been found to inhibit both 17b-HSOR enzymes in vitro and have shown a
selectivity which is structure dependent (Makela et al, 1995; Santti et al, 1998; Krazeisen et al,
2001; 2002). Inhibition of reductive and oxidative activities of 17beta-HSD is seen in the
presence of many dietary compounds, especially zearalenone, coumestrol, quercetin and
biochanin A. The position and number of hydroxyl groups on the isoflavone structure appear to be
the principal determinant of activity.

Inhibitor potency increases with an increasing number of hydroxylations in the flavonoids
molecule (Krazeisen et al 2001). Compounds with hydroxyl groups at the 5, 7 and 4’ positions
were the most potent inhibitors of 17b-HSOR I and compounds with hydroxyl groups at positions
3, 5 and 7, inhibited 17b-HSOR II. In addition, hydroxylation at position 3, or methylation of the
hydroxyl group at position 4’ reduced 17b-HSOR I activity while hydroxylation at position 3
reduced 17b-HSOR II activity. The IC50 values of these compounds for inhibition of 17b-HSOR I



and II are in the range 0.1-1 mM (Makela et al, 1998). Thus, phytoestrogens may alter the
activities 17b-HSOR I and II to shift the equilibrium concentrations of estrone and estradiol.
However, the direction of this equilibrium shift is dependent on phytoestrogen structure.

Inhibition of aromatase enzyme (CYP19 of the cytochrome P450 series) through use of lignans
and flavonoids (Wang et al 1994, Campbell and Kurzur 1993).

Wine has been shown to contain phytochemicals that are capable of suppressing aromatase. Red
wine was shown to be much more effective than white wine in the suppression of aromatase
activity (Eng et al 2001).

In another study, among several flavonoids tested, only 7-methoxyflavanone and 7,8-
dihydroxyflavone at high concentrations (50 microM) possessed anti-estrogenic and anti-
proliferative activities.

These results suggest that two hydroxyls (in positions 7 and 8) or 7-methoxy substitutes are
essential for the anti-estrogenic activity of flavonoids. However, the authors emphasize that
flavonoids at high concentrations appear to exert their anti-proliferative activity through other
estrogen receptor-independent mechanisms as well (Le Bail et al 1998).

Enzymes involved in oestrogen biosynthesis and
metabolism

Adapted from Kirk et al (2001)

Opportunities to inhibit estrogen function

Human estrogen receptors (ER) exist as two subtypes, ER alpha and ER beta, which differ in the
C-terminal ligand-binding domain and in the N-terminal transactivation domain. Uterine tissue
favors the alpha type while in breast tissue the predominant type is beta.

Malignant breast tumors usually demonstrate more alpha type receptors. Competition with
estrogens at the receptor site of the target tissue can modulate estrogen activity at the functional
level. Several lignans and the isoflavonoids daidzein and equol were found to compete with
estradiol for binding to the rat uterine type II estrogen binding site (Adlercreutz 1992). Some
phytoestrogens such as coumestrol, genistein, apigenin, naringenin, and kaempferol compete
more strongly with E2 for binding to ER beta than with ER alpha (Kuiper et al 1998) and the
effect of this on clinical outcomes has yet to be investigated. The compound Indole-3-carbinol



(I3C), extracted from cabbage, and its more metabolically available and active form, diindolyl-
methane (DIM) have received much attention recently as potent mechanisms for influencing
estrogen function at the receptor site.

DIM is a major in vivo product of I3C, and can inhibit the proliferation of both estrogen-
dependent and -independent breast tumor cells. It is an antagonist of estrogen receptor function
and a weak agonist of aryl hydrocarbon (Ah) receptor function (Chang et al 1999, Chen et al
1998, Jaga and Duvvi 2001). 

Green tea extract inhibited protein kinase C activation by teleocidin, a tumor promoter, as did (-
)-epigallocatechin gallate (EGCG), the main physiologically active polyphenol in green tea extract.

In addition, EGCG and green tea extract showed inhibitory effects on the growth of lung and
mammary cancer cell lines with similar potencies. An experiment using the estrogen-dependent
MCF-7 cell line showed the mechanisms of action of these compounds to be inhibiting the
interaction of estrogen with its receptors. The authors suggest that EGCG and compounds in
green tea extracts may block the interaction of tumor promoters, hormones and growth factors
with their receptors (Komori et al 1993).

Several flavonoids, including kaempferide, apigenin, and flavone, are distinct, in that their anti-
estrogenic activity does not appear to correlate with binding to ER, and therefore their
suppression of estrogen-mediated gene trans-activation and proliferation may occur independent
of direct antagonism of the receptor. It is suggested that receptor binding-independent anti-
estrogenic chemicals may function through alternate signaling pathways as indirect ER modulators
in a receptor- and cell type-specific manner (Collins-Burrow et al 2000).

Research with coumestrol, genistein, biochanin A, apigenin, luteolin, kaempferol, and
enterolactone showed conflicting results. Induction of DNA synthesis in estrogen-dependent cell
lines but not in estrogen-independent cell lines is consistent with an estrogenic effect of these
compounds. Inhibition of estrogen-dependent and -independent breast cancer cells at high
concentrations suggests additional mechanisms independent of the estrogen receptor (Wang and
Kurzur 1997).

One interesting piece of research found that genistein and curcumin together exerted a
significantly greater effect than the individual substances given in isolation (Verma et al 1997,
Santibanaz et al 2000).

In women approximately 37% of circulating estradiol is bound to SHBG and 61% to serum
albumin. Stimulation of SHBG synthesis by phyto-estrogens reduces the concentrations of free
hormones (COT 2002). Isoflavones and lignans support SHBG formation and function (Adlercreutz
et al 1992, Schottner et al 1997). Conversely, phyto-estrogens may inhabit binding sites on SHBG
and displace endogenous hormones, this increasing the bio-activity, however concentrations of
>100 mcg. of genistein, diadzein, and coumestrol were required to competitively inhibit estradiol
and Dihydrotestosterone. It is unlikely that sufficient serum levels would be achieved through
normal dietary intake (COT 2002).

Opportunities to increase estrogen excretion and
elimination

Estrogen is metabolized along three pathways to form the 2-hydroxylated, the 4 hydroxylated
and the 16alpha-hydroxylated metabolites. Based on proposed differences in biological activities,
the ratio of 2-hydroxyestrogen:16alpha-hydroxyestrone (2:16alpha-OHE1), has been used as a
biomarker for breast cancer risk. Women with an elevated 2:16alpha-OHE1 ratio are
hypothesized to be at a decreased risk of breast cancer.

Flaxseed, the most significant source of plant lignans, and wheat bran, an excellent source of
dietary fiber, have both been shown to have chemo-protective benefits.

In one study urinary excretion of 2-hydroxyestrogen and 16alpha-hydroxyestrone, as well as
their ratio, 2:16alpha-OHE1, were measured by enzyme immunoassay. Flaxseed supplementation
significantly increased the urinary 2:16alpha-OHE1 ratio (P = 0.034), but wheat bran had no
effect (Haggans et al 2000).

In another study flaxseed supplementation significantly increased urinary 2-OHEstrogen excretion
(p < 0.0005) and the urinary 2/16 alpha-OHE1 ratio (p < 0.05) in a linear, dose-response
fashion. There were no significant differences in urinary 16 alpha-OHE1 excretion. These results
suggest that flaxseed may have chemo-protective effects in postmenopausal women (Haggans et
al 1999).



Soluble fiber such as is found in fruits, vegetables and certain grains including oats, undergoes
metabolism in the small and large intestine and has an appreciable effect on modifying
carcinogens in the colon. Insoluble fiber such as is found in wheat and rice bran, does not alter
carcinogenic metabolites but does give bulk to the stool, thus diluting potential toxins and
speeding the transit time and hence reducing toxin exposure overall (Weisburger et al 1993).

- Rat studies have demonstrated that administration of green tea stimulated liver microsomal
glucuronidation of estrone and estradiol by as much as 37%. Enzyme kinetic analysis indicates
that the inhibition of estrone glucuronidation by 10 microM (-)-epigallocatechin gallate was
competitive while inhibition by 50 microM (-)-epigallocatechin gallate was noncompetitive.
Similarly, several flavonoids (naringenin, hesperetin, kaempferol, quercetin, rutin, flavone, alpha-
naphthoflavone and beta-naphthoflavone) also inhibited rat liver microsomal glucuronidation of
estrone and estradiol to varying degrees. Naringenin and hesperetin displayed the strongest
inhibitory effects.

These two hydroxylated flavonoids had a competitive mechanism of enzyme inhibition for estrone
glucuronidation at a 10 microM inhibitor concentration and a predominantly noncompetitive
mechanism of inhibition at a 50 microM inhibitor concentration (Zhu et al 1998, Nakachi et al
1998).

Research into chrysin-induced UDP-glucuronosyltransferase (UGT) activity and expression in
human intestinal cell lines, demonstrated that flavonoids may be important for the
glucuronidation and detoxification of cells (Galijatovic 2001)

Potential exists to promote the preferential excretion of 2-OH through the use of several
compounds, notably Indole-3-carbinol (IC3) or its more potent and bio-available metabolite, Di-
indolyl-methane (DIM). Similar effects can be obtained with flax, kudzu and soya.
Supplementation with L-methionine, S-adenosyl-methionine (SAM), vitamin B12, helps the inter-
conversion of 2-OH and 4-OH in the liver.

4-OH may convert into quinones which are potentially carcinogenic and need lots of free radical
quenching. Anti-oxidants can inhibit the formation of these compound.

Maintain or elevate plasma Sex Hormone Binding Globulin which has been correlated to increased
urinary excretion of 16 alpha-hydroxyestrone and estriol (Adlercreutz 1992). High intakes of
caffeinated coffee, green tea, and total caffeine were commonly correlated with increasing sex
hormone-binding globulin after controlling for potential confounders. Although the effect of
caffeine cannot be distinguished from effects of coffee and green tea, consumption of caffeine-
containing

Unquenched quinoines become mercapturates. Formation and excretion of these products is
mediated by glutathione-s-transferase (GST) which can be supported by supplementation with
glutathione, selenium and N-acetyl-cysteine (NAC). Reduced glutathione and N-acetylcysteine can
inhibit both apoptosis and necrosis of several cell types, suggesting a critical role for reactive
oxygen species (ROS) in cell death (Gouaze et al 2001, Hamada et al 2001). However, research
into the effects of NAC is equivocal and more investigation is called for (Lubet et al 1997).

Recent research has indicated that certain GST genotypes may have greater susceptibility to
malignant changes than others (Mitrunen et al 2001) and in future this may be used as a clinical
test to evaluate the need or potential benefit from supplementation with GST or its pre-cursors.

An enzyme in the bowel called glucuronidase can de-conjugate estrogen waste metabolites and
allow them to be re-absorbed in an oxidized and highly reactive form (Gorbach and Goldin 1987,
Goldin et al 1987).

The body of evidence suggests that supplementation of the diet with potent botanical and
nutritional extracts provides positive health benefits. 

Other mechanisms of reducing mammary tumorigenesis

As described above, many factors play into the formation, development and progression of breast
cancer and many of them offer opportunity for intervention.

Reduction of Insulin-Like Growth Factor I (IGF1) levels which are associated with abnormal cell
turnover. Reduced plasma levels of IGF1 are inversely related to urinary lignan excretion after
supplementation with flaxseed (Rickard et al 2000). Both the oil and the seed have been
investigated. Flaxseed, a rich source of lignan precursor secoisolariciresinol-diglycoside (SD) and
alpha-linolenic acid (ALA), has been shown to be protective at the early promotion stage of
carcinogenesis. Reduction in tumor size is due in part to the lignans.

The effect of flaxseed oil may also be related to its high ALA content. The SD in flaxseed appears



to be beneficial throughout the promotional phase of carcinogenesis whereas the oil component is
more effective at the stage when tumors have already been established (Thompson et al 1996).

Involvement of non-hormonal mechanisms such as may be triggered by lignans. Research with
rats into the lignan hydroxymatairesinol (HMR) from Norway Spruce, the most abundant single
component of spruce lignans, has demonstrated that it is metabolized to enterolactone (ENL) as
the major metabolite in rats after oral administration. HMR decreased the number of growing
tumors and increased the proportion of regressing and stabilized tumors. HMR (50 mg/kg body
wt) did not exert estrogenic or anti-estrogenic activity. Neither ENL nor enterodiol showed
estrogenic or anti-estrogenic activity via a classical alpha- or beta-type estrogen receptor-
mediated pathway. HMR was an effective antioxidant in vitro (Saarinen et al 2000).

Many flavonoids are strongly anti-oxidant and this may reduce tumorigenesis by inhibiting DNA
damage and promoting DNA repair. Regulation of cell protein content and inhibition of protein,
DNA and RNA synthesis has been demonstrated by quercitin (Rodgers and Grant 1998).

 

Increased intracellular reduced glutathione (GSH) content and hence quenching of free radicals
and inhibition of oxidative damage has been demonstrated by quercitin and myricetin. (Rodgers
EH, Grant MH, 1998).

Investigation into a number of naturally occurring chemo-preventive agents such as curcumin,
quercetin, auraptene, 1'-acetoxychavicol acetate (ACA) and indole-3-carbinol showed generation
of apoptosis as well as inhibition of cell proliferation (Mori et al 2001).

Progestins may also exert direct anti-estrogenic action by increasing the oxidative activity of 17
beta-hydroxy-steroid-dehydrogenase, thereby facilitating the conversion of estradiol (the more
active form) to estrone (the less active form). Progestins may exert additional anti-estrogenic
effects by suppressing estrogen receptor levels. They also cause estrogen deprivation indirectly
through suppression of pituitary ACTH secretion, resulting in reduced production of adrenal
androgen precursors.

Aromatase inhibition in pre-menopausal women interrupts estrogen biosynthesis; the reflex rise in
FSH then stimulates production of new aromatase enzyme, and the LH increment results in
enhanced ovarian steroidogenesis, counteracting the inhibitory action of aromatase-blocking
drugs on the ovary (Schneider et al 1994).

Dihydrobenzofuran lignans (2-phenyl-dihydrobenzofuran derivatives) constitute a new group of
anti-mitotic and potential anti-tumor agents that inhibit tubulin polymerization. A dimerization
product of caffeic acid methyl ester, showed promising activity. It inhibited mitosis at micromolar
concentrations in cell culture through a relatively weak interaction at the colchicine binding site of
tubulin (Pieters at al 1999).

Reduction of the highly proliferative terminal end bud (TEB) structures in the developing
mammary gland by differentiation to alveolar buds (ABs) and lobules has been suggested to be
protective against mammary cancer and may be achieved through the ingestion of flaxseed and
exposure to protective lignans. Research showed that flax seed also caused endocrine changes,
as suggested by early puberty onset and lengthened cycles due to prolonged estrus. This
increased exposure to endogenous estrogens and stimulated mammary gland differentiation, as
indicated by fewer TEBs and more Abs (Tou and Thomson 1999).

Two citrus flavonoids, hesperetin and naringenin, found in oranges and grapefruit, respectively,
and four non-citrus flavonoids, baicalein, galangin, genistein, and quercetin, showed inhibitory
effects on proliferation and growth of a human breast carcinoma cell line. The most potent single
flavonoids was baicalein and the addition of quercitin to any of the other flavonoids increased
their potency. Although tumor incidence and tumor burden (grams of tumor/rat) were somewhat
variable in the different groups, rats given orange juice had a smaller tumor burden than controls,
and they grew better than any of the other groups (So et al 1996).

In vitro, anti-proliferative effects of different progesterone antagonists or anti-progestins (PAs)
are observed, mainly in estrogen-stimulated growth of PR-positive tumor cell lines. In various
experimental animal tumor models, different PAs showed a greater anti-tumor activity than
tamoxifen Combination treatment of different PAs, or progesterone receptor modulators (PRMs)
with different anti-estrogens or with an aromatase inhibitor showed greater antitumor efficacy
than treatment with each single type of drug alone. In some studies, these effects were
accompanied by additive effects on several cell biologic parameters (Klijn et al 2000).

Inhibition of cyclin-dependent kinases has been demonstrated experimentally using Flavopiridol, a
novel semisynthetic flavone analogue of rohitukine, a leading anticancer compound from an



Indian tree (Zand et al 2000).

Both genistein and equol interfere with signal transduction pathways but in one study genistein
was 15-fold more growth-inhibitory than equol. At 100 mumol/l they both decreased c-fos levels,
by 75 and 67%, respectively. Enterolactone and enterodiol had only a weak inhibitory effect.
suggest that inhibition by genistein of epidermal-growth-factor (EGF)-induced c-fos mRNA
transcription is probably related to its interruption of EGF receptor-linked protein tyrosine kinase,
whereas genistein-induced growth arrest is not (Schultze-Mosgau 1998).

Aberrant hyperproliferation (AH) is a late occurring post-initiational event that precedes
mammary tumorigenesis in vivo. Treatment of initiated cells with naturally occurring tumor
inhibitors eicosapentaenoic acid (EPA), indole-3-carbinol (I3C), (epigallocatechin gallate (EGCG),
squalene (SQE), and perillyl alcohol (PA) (analog of limonene) at non-toxic doses, resulted in a
70-99% inhibition of AH, depending on the initiator and the chemopreventive test compound.

Up-regulation of AH in initiated mammary epithelial cells in vitro prior to tumorigenesis in vivo,
and persistent inhibition of AH by diverse naturally occurring tumor inhibitors, provides evidence
for AH as a cellular surrogate endpoint for induction and modulation of mammary neoplastic
transformation (Katdare et al 1997).
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