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Introduction 
It has been recognized for several dec-

ades that the use of legumes in traditional 
eastern diets has played a significant role in 
the incidence and mortality of certain disease 
states. Soy beans and products containing soy 
possess unique phytochemicals known as 
isoflavones which are thought to exert many 
biological effects in the human body. 

Scientists have proposed that these 
unique isoflavones have hormonal influ-
ences which can interact with many differ-
ent cell types producing varied physiologi-
cal responses. Epidemiological data, human 
cell line studies, randomized trails and re-
view articles have consistently shown that 
certain population groups (Asians, vegetar-
ians) who regularly consume a soy-based 
diet are afforded protection from breast 
cancer, endometrial cancer, prostate can-
cer, heart disease, osteoporosis, and symp-
toms of hormonal deficiency.1 Typically, 
Japanese women have higher levels of cir-
culating and urinary isoflavones compared 
to Western women with concomitant lower 
rates of hormone-dependent cancers. Japa-
nese women also have lower rates of oste-
oporosis, heart disease and menopausal 
complaints. 

Researchers have postulated that soy 
isoflavones may act as weak estrogen an-
tagonists by influencing estrogenic me-
tabolism and menstrual cycle length in pre-
menopausal women but may concurrently 
act as  weak estrogen agonists in post-
menopausal women. Breast cancer has 
been associated with higher circulating lev-
els of estradiol and prolactin with lower 
levels of progesterone.2 The proposition, 
therefore, has been made that soy iso-
flavones may modulate breast cancer risk 
in menopausal women but may also afford 
protection to the bones, cardiovascular and 
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central nervous systems required because 
of resulting estrogenic decline.3 

It is also interesting to note that Asian 
immigrants who move to North America 
and consume the typical North American 
diet seem to quickly lose the protection 
that their diet once afforded them. 

Since genetic factors account for only 
10-15% of breast cancer cases, researchers 
are recognizing that environmental factors 
including nutrition may play a significant 
role in predisposing certain women to 
breast cancer. Studies of Asian women have 
indicated that a common possible mecha-
nism of action for breast cancer protection 
may reside in the early, specific, nutritional 
exposure to the isoflavone genistein, the 
principle isoflavone found in soy. Certainly, 
higher levels of isoflavanoids found in 
healthy neonatal Japanese infants indicate 
transfer of isoflavones from the mother to 
the infant. This fact has led researchers to 
postulate that modification of estrogen me-
tabolism from isoflavones may occur quite 
early and may also subsequently confer a 
lowered risk of cancer.4 Genistein has been 
reported to affect many biochemical path-
ways. It has, as previously mentioned, been 
associated with alteration in estrogen me-
tabolism, inhibition of Topoisomerase 2, 
growth factor activity, malignant cell prolif-
eration combined with induction of cell dif-
ferentiation, antioxidant activity and anti-
angiogenesis.5,6 

Soy Metabolism 
Soy isof lavones are heterocyclic 

phenols, structurally similar to 17-beta 
estradiol and are selective estrogen 
receptor modulators. Cellular mechanisms 
of action primarily depend upon the nature 
of the target tissue, receptor status, and 
level of endogenous hormones.7 Vegetarians 
have higher fecal weight and increased fecal 
excretion of estrogens. They also have lower 
rates of urinary excretion of estriol than 
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omnivores. It is also interesting to note is 
that  their plasma levels of estrone and 
estradiol are negatively correlated with 
fecal excretion of the same. These changes 
in estrogen metabolism are associated with 
the vegan diet typically higher in soy pro-
tein, fiber and lower in fat compared to the 
omnivore diet.8 

Studies looking at the changes in the 
Western vs. the Eastern diet have looked 
at the protein and fat as being the impor-
tant nutritional factor in the difference in 
disease incidence. Certainly, diets low in 
methionine have been linked to decreased 
polyamine synthesis. Increased polyamine 
levels are believed to be necessary for 
tumor growth.9 However, Western diets 
typically contain low-levels of legumes 
which normally contain a variety of lignans 
and isoflavanoids deemed to be biologically 
active. Components of the vegan diet, such 
as higher fiber and isoflavone content are 
considered to be one of the most impor-
tant factors in regulating potential disease 
activity. These factors may explain the 
differences in disease incidence between 
the two types of diets.10 

There has been evidence concluding 
that Soy phytoestrogens, because of their 
unique metabolism, decrease the risk of 
developing various types of cancer.11-15 

The majority of phytoestrogens found 
in the human diet may be classified as 
isoflavones and lignans. Isoflavones are 
structurally chemically similar to 17-beta 
estradiol, diethylstilbestrol and tamoxifen. 
The position of the OH-group on soy 
phytoestrogen compounds and 17-beta 
estradiol give these compounds unique 
estrogenic activity at the receptor state. 
Phytoestrogens are a group of non-steroidal 
compounds that behave like estrogenic 
compounds. Isoflavones compile the most 
common form of phytoestrogens. These 
unique chemicals also contain a phenolic 
ring structure that provides binding capa-
bility at estrogen receptor targets includ-
ing the newly discovered ErB (Estrogen 

receptor Beta). This receptor is widely dis-
tributed in the brain, bones, bladder and 
vascular endothelial tissues. 

In humans, the major isoflavones are 
genistein and daidzein which are metabo-
lized from plant sources of biochanin A and 
formonentin. In plants, isoflavones are 
normally bound as glycosides but when 
hydrolyzed and fermented by intestinal 
bacteria, these compounds become acti-
vated and are absorbed as metabolites or 
as the parent compound (aglycone).The 
extent of microfloral activity has a pro-
found impact upon bioavailability and 
physiological metabolism of Isoflavones.In 
the intestinal tract, diadzein may be me-
tabolized to equol or O-demethyl-
angolensin and genistein can be metabo-
lized to P-ethylphenol. These phyto-
estrogens are the major isoflavones found 
in human blood and urine. 

Isoflavones are weakly estrogenic com-
pounds (10-2–10-3) compared to estradiol or 
estrone. Since these compounds have a pref-
erence for binding on the ErB receptor, this 
may indicate that their biochemical influence 
may be exerted through a distinct pathway 
compared to endogenous estrogens.  
Phytoestrogens have a lower affinity for 
serum binding proteins which would 
potentially allow a greater volume of free 
isoflavone molecules to interact with tissue 
receptors.16 

Studies have shown that there may be 
substantial variability in individual 
isoflavone metabolism. However, complete 
excretion of genistein and daidzein from 
the time of intake is complete within 24 
hours.17 Soy beans contain the only relevant 
nutritional sources of isoflavones. Soy beans 
and soy products contain approximately 1-3 
mg isoflavones per gram of protein. Other 
forms of soy products include, tofu, tempeh 
and soy milk. Miso and soy sauce also 
contain small amounts of isoflavones. Soy 
protein isolates contain approximately half 
of the phytoestrogens normally found in 
unprocessed soy beans. Soy protein can be 
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consumed in various food stuffs including, 
soy protein isolate, baked goods, meat 
products and textured foods. The con-
sumption of genistein in Asian population 
varies from 20-80 mg/day. The typical diet 
consumed in the United States character-
istically contains between 1-3 mg/day.18 

One serving of soy food products from an 
Asian diet typically yields between 25-40 
mg isoflavones per serving. Considering 
their low potency relative to endogenous 
estradiol, isoflavones are physiologically 
quite  active as serum levels can exceed lev-
els that which are normally experienced 
with endogenous estrogen production. In 
those consuming soy products, isoflavone 
concentration in blood can reach 6 mmol/L. 
Japanese men characteristically have blood 
levels in the range of 300-400 nmol/L.18 

After absorption from the gut, 
isoflavones are transported via the portal 
circulation to the liver where they are re-
moved. However, some isoflavones can es-
cape initial hepatic uptake and enter the 
peripheral circulation. The relative amount 
of isoflavones which can avoid hepatic 
clearance influences the amount which is 
able to interact with peripheral receptor 
sites. Isoflavones are principally excreted 
via the kidneys and gut in a similar man-
ner as endogenous estrogen.19 

Measurement of isoflavones typically 
utilizes HPLC (Higher Performance Liquid 
Chromatography). Excretion and plasma 
values vary upon dosage, type of product  
injested, gender, race and the metabolic 
activity of gut microflora.20-26 

Biological Mechanisms of Action 
Diets high in soy isoflavones, as previ-

ously described have shown diverse bio-
chemical activity. Various mechanisms of 
action, particularly in asian females, have 
been proposed to explain the differences in 
breast cancer incidence. These include en-
dogenous or environmental estrogenic an-
tagonism, inhibition of tyrosine-kinase-
dependent signal transduction and cellu-
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lar antioxidant activity. It has been pro-
posed that genistein may influence kinase 
enzymic expression, and may react with 
pro-oxidant hypochlorous acid readily ex-
pressed during the inflammatory reaction.27 

Regulation of DNA topoisomerase activity, 
synthesis and release of Tumor Growth 
Factor Beta and induction of apoptosis of 
cancerous cells in vivo are other proposed 
mechanisms of activity.28,29 

Cell cycle regulation of P21 is also 
known to be up-regulated by genistein and 
may play a significant role in determining 
the potential sensitivity of breast epithelial 
cells, normal or malignant to genistein.30,31 

Genistein has also been shown to inhibit 
topoisomerase 2 by inducing the up-
regulation of P53 protein, thus primarily 
providing stabilization of the DNA cleav-
age complex.32 There are numerous other 
studies which have shown positive alterations 
in tumor cell activity by various mechanisms 
in the presence of isoflavones in human and 
animal models.33-54 

These in vitro studies are numerous 
and do indicate that genistein, daidzen and 
glycetin can influence breast cell tumor 
metabolism in a positive way. These studies 
are important because they can indicate 
the possible mechanism of action that 
isoflavones may exert at the cellular level. 
However, in vivo studies do reveal some im-
portant aspects of isoflavone activity which 
may have a more significant influence upon 
the incidence of breast cancer in women. 
It is known that breast cancer patients  
excrete small amounts of isoflavones 
(daidzen, genistein, glycetin, equol and O-
desmethylangolensin) relative to controls. 
Individuals in the highest tertile of 
isoflavone excretion have shown approxi-
mately 50% less breast cancer risk than 
those in the lowest tertile.55 

As previously indicated, soy isoflavones 
have demonstrated steroid-like hormonal 
activity at the cellular level. Of all those 
tested, genistein and biochanin-A have 
shown the most significant estrogenic 
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activity on human breast cancer cells com-
pared to estradiol, dihydrotestosterone and 
synthetic progesterone.56 

Studies evaluating isoflavone activity 
at the receptor site have shown some 
interesting findings. Genistein can induce 
the down-regulation of ER-alpha messen-
ger RNA. It has also been shown that 
genistein possesses estrogenic, agonistic 
activity at both ER alpha and ER beta  
receptor sites. Depending upon the dosage, 
genistein has been shown to either stimu-
late ER alpha-dependent breast cancer cell 
lines or demonstrate cytotoxic  activity.57 It 
has been also demonstrated that the bind-
ing affinities of genistein and equol are 
comparable to the binding affinity of 17-
beta estradiol. Although the binding 
affinities are equal, cell growth due to gene 
expression involving estradiol is double to 
that of genistein. It has also been demon-
strated that genistin, the conjugated (B-
glycoside) form, binds with less affinity 
than genistein but stimulates breast can-
cer cell growth to a greater extent.58 

Isoflavones have also been shown to 
influence the menstrual cycle in various 
populations of women. In one study of pre-
menopausal women, isoflavones prolonged 
menstruation in 60% of the subjects. Some 
subjects showed lower levels of 17-Beta 
estradiol, and increased levels of sex 
hormone binding globulin. Other hormones 
such as androstenidione, testosterone and 
DEAS demonstrated variable responses 
depending upon the phase of menstruation 
(luteal vs. follicular). Levels of T3 and T4 
also changed after isoflavone administra-
tion, increasing in the follicular phase with 
a subsequent decrease in the luteal phase. 
Thus it has been postulated that isoflavones 
may influence metabolic activity at higher 
centers including the hypothalamo-
pituitary-gonadal axis.59  Other studies have 
shown lower levels of 17-beta estradiol in 
women following administration of 
Isoflavones resulting in favorable changes 
in hormonal metabolism  or significant, 

equally positive alterations in menstrual 
cycle length.60-72 

Conflicting Evidence 
The consumption of soy foods high in 

isoflavones has occasionally been scruti-
nized because soy isoflavones can exert 
estrogenic activity in breast cancer cells. 
Thus, the role of soy as a preventative meas-
ure for possible breast cancer development 
has subsequently been challenged. 

Firstly, there is some evidence that soy 
isoflavones have shown no influence in pre-
menopausal female menstrual cycle length 
or hormonal profile in subjects taking oral 
contraceptives verses those not taking oral 
contraceptives.73 However,in this study the 
dosage of isoflavones was only 38 mg., and 
feeding only occurred for 2 months. There 
was no control group, nor were other as-
pects of diet or lifestyle controlled. 

Another study indicated that iso-
flavones are not likely to exert their influence 
primarily by altering menstrual cycle 
characteristics or hormonal metabolism in 
premenopausal women.This study also had 
design flaws and had a low number of 
subjects (14).74 Other studies have shown that 
genistein can stimulate estrogen-dependent 
breast cancer cells in athymic mice in a dose-
dependent manner. Expression of PS2 was 
greater in the tumors from the group 
consuming the highest amount of 
genistein.75,76 Although 17-B-estradiol can 
produce a similar effect but in a greater 
capacity, concern has been raised whether 
the results of this experimental model can 
be extrapolated to pre- or postmenopausal 
women. It has also been mentioned that in 
experiments looking at mice treated with 
17-B estradiol, genistein significantly inhib-
ited breast cancer growth in vivo. In one 
particular study, 60 g of soy protein con-
taining 45 mg of isoflavones consumed for 
2 weeks stimulated DNA synthesis in 
healthy breast cells examined after biopsy 
using pre-menopausal women with benign 
and malignant breast disease.77 This study 
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has received criticism because it only as-
sessed cell growth, not apoptosis. It’s length 
is also rather controversial (2 weeks), as 
chronic exposure of isoflavones down-
regulates the estrogen receptor. Assuming 
down-regulation takes greater than 2 weeks 
to occur, the effect upon cell proferation  
would not have been shown in this case. 
Also, the increase in the follicular phase 
length of the menstrual cycle in response 
to soy feeding, would not be apparent after 
2 weeks of soy injestion. Although as 
previously mentioned, some studies have 
shown no effect with soy and menstrual 
cycle length or estrogen metabolism, other 
work has shown a positive influence in 
estrogen metabolism in pre-menopausal 
women. The urinary ratio of 2 to 16 alpha 
hydroxylated estrogens and 2 to 4 
hydroxylated estrogens was increased. This 
is considered protective for breast cancer 
development because these estrogenic 
metabolites are excreted, which would oth-
erwise affect breast cellular growth to a 
greater degree. Other studies with monkeys 
have shown that soy feeding antagonized 
the mammary cellular growth perpetuated 
by estradiol. 

Genistein has also been shown to 
reduce chemically induced mammary can-
cer in neonatal or prepubertal rats later in 
their lives.The postulated mechanism may 
involve genistein’s ability to enhance breast 
cell development and differentiation which 
offers protection in adulthood.78 Studies 
have also indicated that feedings compar-
ing various types of proteins especially,  Soy 
protein isolate can positively affect 
estrogen metabolism (reduce 17-Beta 
estradiol) and reduce the incidence of 
chemically-induced mammary cancer in 
mice.79 Another study has indicated that 
prolonged consumption of soy protein iso-
late may have a stimulatory effect (30% of 
subjects) on premenopausal breast secre-
tion, the appearance of hyperplastic cells 
following aspirate and erratic elevation in 
plasma estradiol levels.80 Another study 

Soy Isoflavones and Breast Cancer 

lasting only two weeks also showed in-
creased breast fluid aspirate and PS2 ex-
pression, but no influence upon cell growth, 
hormonal metabolism or cell mitosis in 
healthy premenopausal women.81 

Conclusions 
Although some of the data indicate 

some discrepancy, there are issues of ex-
perimental design, variable isoflavone con-
tent of products and the relevancy of ex-
trapolated results to the human population 
in general, which are necessary to explore. 
The age-adjusted breast cancer death per 
100,000 people is 27.4 in the USA and 6.7 
in Japan. Soy isoflavones are powerful 
chemicals which have obviously affected 
breast cancer incidence and mortality in 
these populations of women. 

Researchers at Wake Forest School of 
Medicine fed a soy protein diet to macaque 
monkeys (150 mg soy isoflavones/day) for 
3 years. No stimulation of breast or 
endometrial cells were observed.82 Dr Anne 
Wu at the University of Southern California 
recently presented some early results of an 
unpublished human study at the American 
Institute for Cancer Research’s 9th Annual 
Research Conference. In an on-going, case-
control study involving 1200 subjects with 
1200 controls investigating the use of soy 
and breast cancer risk, early data indicates 
that the consumption of soy-based food is 
associated with a significant reduction in 
breast cancer risk. Other human studies 
have indicated the same results.83 

Soy isoflavones lower breast cancer 
risk by many biochemical mechanisms. 
Some authors have suggested that soy 
products be given priority in clinical trails 
involving long-term adjuvant dietary 
treatment for early breast cancer patients.84 

Another author has indicated that although 
several studies in premenopausal women 
have suggested estrogenic activity on breast 
tissue, recently conducted studies lasting 
one year have indicated that isoflavones do 
not affect breast tissue density in pre-
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menopausal women and may decrease cel-
lular density in postmenopausal women. 
The same author has also suggested that 
hormone replacement therapy, especially 
synthetic progestin may increase the risk of 
breast cancer. 

It has been reasoned that since the 
data does not support the notion that soy 
affects the risk of developing breast cancer 
or is yet to show that it affects survival in 
breast cancer patients, it would seem un-
founded to not recommend its use.85 

Future Considerations 
Presently, there is no known cause for 

sporatic breast cancer. As previously de-
scribed, certain factors including, diet and 
environment may account for 70% of newly 
diagnosed breast cancer cases. Certainly, 
soy isoflavones can affect breast cancer 
risk, depending upon time and length of 
exposure. Early exposure may influence 
early epithelial breast cell differentiation, 
reduce the presence of ER alpha and in-
crease the  levels of ER-beta ( this is con-
sidered protective).86 

If one considers the epidemiological 
data from studies assessing the health of 
asian women, the absence of obvious harm-
ful effects of a diet rich in soy is compel-
ling. Indeed, their low rates of breast cancer 
and other disease is an argument to 
encourage women living in western com-
munities to adopt the same type of diet. 

The use of soy in place of HRT in pa-
tients whose use is contraindicated (breast 
cancer) presents a challenging question. 
The effect genistein exerts on the breast is 
dependent upon concentration level, levels 
of breast tissue estradiol and individual 
tissue metabolism. Some data indicates that 
the use of a weak estrogenic compound may 
be harmful in patients with hormone-
dependent breast cancer during the stage 
of micrometastasis. This, however is based 
on the premise that isof lavones may 
compete with tamoxifen and negate its ef-
fectiveness. 

Since tamoxifen and genistein have 
similar binding affinities to ER alpha, 
genistein may displace tamoxifen, thus 
influencing its inhibitory effect.87 However, 
genistein has a strong affinity for the ER 
beta receptor which may discourage exces-
sive activity at ER alpha. At high doses, 
tamoxifen and genistein exert synergistic, 
anti-proliferative breast cellular activity. 
Obviously, more study is required to deter-
mine whether soy isoflavones in the pres-
ence or absence of tamoxifen may have 
expanded importance in the adjunctive 
care of breast cancer patients. 

With the use of a new, sophisticated 
breast imaging modality, researchers have 
confirmed the ability of soy protein to re-
duce inflammation in breast tissue. The 
preliminary results of the study utilizing 
the Breast Enhanced Scintigraphy Test 
(BEST) was presented at the International 
Symposium on the Role of Soy in Prevent-
ing and Treating Chronic disease, Novem-
ber, 2001. The BEST imaging yields diag-
nostic information about myocardial func-
tion and can distinguish normal breast 
tissue from that which contains inflamma-
tion or carcinoma. Compared to mammog-
raphy, BEST correctly identifies cancer with 
a 100% reliability in over 70 patients. Mam-
mography is at best 85% accurate. BEST 
also allows health care providers to diag-
nose breast cancer at an earlier stage. 

The BEST imaging was used on 147 
women and 3 men previously diagnosed 
with breast cancer over a 30 month period. 
There were 87 cases of women with 
inflammatory breast tissue (maximal count 
activity of 229 + 50) of these 87 women, 40 
were given 20 g of soy protein containing 
160 mg of soy isoflavones per day. Of the 
40 women, 25 have been studied before and 
after six months of soy protein con-
sumption. According to the lead researcher, 
Dr. Richard Fleming, there is a significant 
reduction in breast inflammation without 
cancerous recurrence (the resultant M.C.A. 
was 112 Å 31). An additional 15 women are 
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currently being studied to ascertain if this 
effect will be persistent in the remainder 
of the experimental group.88 

In another ongoing study conducted by 
Dr. William Dooley at John’s Hopkins Breast 
Cancer Center, postmenopausal breast 
cancer survivors are being given soy protein, 
to alleviate the symptoms of hormonal 
deficiency. This study involves several 
hundred breast cancer patients in a 
multicenter, randomized, double-blind, pla-
cebo-controlled trial with the results hope-
fully being available in a few months.  Dooley 
is also involved in another study examining 
the effects of soy protein upon breast cancer 
cells in vivo. Newly diagnosed breast cancer 
patients will receive soy protein isolate daily 
up until surgery. Following the surgery, com-
parison will be made between the original 
biopsy specimen and the surgical specimen. 

Sophisticated histological investigation 
including ductoscopy will assess cellular 
changes caused by the addition of soy to the 
diets of these patients. In Seattle, 
Washington, a study which began in March, 
2001, researchers will examine the effect of 
soy protein isolate upon the urinary 
excretion of soy isoflavones in 400 women. 
Researchers will measure the amount and 
types of soy isoflavones and isoflavone 
metabolites excreted by women over a 3-day 
period. These urinary products will be 
compared with those previously found to be 
associated with lower rates of breast cancer. 

The value of soy in women’s health can 
be realized if one considers that soy can 
behave as an anti-estrogenic substance in 
premenopausal women by reducing signs 
and symptoms of estrogen dominance 
(breast tenderness, cystic changes) or it may 
exert mild estrogenic activity in postmeno-
pausal women to alleviate vaso-motor 
symptoms (hot flushes, might sweats) 
associated with estrogen deficiency. 

Since soy is approximately 1000 times 
weaker than estradiol and 3000 times 
weaker than Premarin; but has few side-
effects like those associated with tamoxifen, 
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it may be the food of choice for most women. 
Soy, with its synergistic matrix of 
phytochemicals positively exerts an 
adaptogenic influence upon the female 
hormonal milieu. From a preventive aspect, 
soy has been shown to provide meaningful 
physiological benefits to the skeletal, 
cardiovascular and central nervous systems 
of women. 

A recently discovered class of soy 
nutrients, distinct from soy isoflavones may 
have potent antiestrogenic activity upon 
receptors in breast tissue. Researchers have 
noted a strong antiestrogenic effect of 
glyceollins on estrogen receptor signaling 
which ultimately suppresses estrogen-
induced proliferation of breast cancer cells.89 

It would appear that soy may seem to exert 
its fullest physiological potential when 
consumed as a whole protein supplement 
as opposed to an extracted isoflavone 
capsule. 

It may be interesting to note that on 
April 20, 1999 a patent was submitted by 
Taylor et al in the United States involving a 
compound composed of a combination of 
the known selective estrogen receptor 
modulators (raloxifene,  droloxofene, 
toremifene, etc.), co-administered with at 
least one isoflavone selected from genistein, 
daidzein, biochanin A, or formonetin. This 
compound has the intent to prevent, 
minimize or reverse the development and 
growth of breast cancer. It seems clear from 
this patent application submitted by Protein 
Technologies International Inc., that soy 
isoflavones are being combined with 
pharmaceuticals to produce beneficial 
physiological synergy in vivo. Obviously, the 
results of previous studies which have 
evaluated the synergism between Tamoxifen 
and soy isoflavones indicating the down-
regulation of signal transduction in breast 
cancer cells have had a positive influence 
upon the potential development of a new 
class of experimental chemicals which, 
potentially may be utilized in the adjunctive 
care of breast cancer patients.90 
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