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Soyfoods and soybean constituents bave grown in popularity in recent years. Increasingly, people are choosing these
products to supplement or substitute elements in their diets. But what is the real value of soy to menopausal

women? What role does soy play in the prevention and treatment of breast cancer? A review of the literature

offers some answers to these and other questions.

Introduction
During the past 10 years, soyfoods and
soybean constituents have attracted
widespread research attention in the
West for their purported health benefits.
Many newly developed “Westernized”
soy products specifically target women
because of reports that soy may be help-
ful for conditions and diseases associated
with menopause. Soy is considered a
possible alternative to conventional hor-
mone therapy, in large part because it is
a unique natural dietary source of
isoflavones, a chemical class of com-
pounds with estrogen-like properties.
Soy products are especially attractive
to breast-cancer patients'? since these
women frequently seek alternatives to
estrogen and progestogen therapy
(EPT)*S for fear that estrogen may
stimulate breast tumor growth%’ and
because of speculation that soy intake
reduces breast cancer risk and, possibly,
decreases recurrence.®® The National
Cancer Institute (NCI) has been inves-
tigating the anticancer effects of soy
since 1991.10-13

what paradoxically, there is concern that

Nevertheless, some-

the estrogen-like effects of isoflavones
actually may stimulate the growth of
estrogen-sensitive tumors'* and also
inhibit the efficacy of tamoxifen."” Con-

sequently, many oncologists and several
health organizations have issued cau-
tionary statements about breast cancer
patients and women at high risk of the
disease—especially those on tamox-
ifen—consuming soy. This review will
discuss whether soy intake is con-
traindicated for these women and
answer some questions about the soy
CONtroversy.

Background on Isoflavones

Isoflavones are a subclass of a larger and
more ubiquitous group of phytochemi-
cals called flavonoids. Japanese adults
typically consume about 10 g soy pro-
tein/day and about 35 to 40 mg of
isoflavones.'s This amount is equal to
approximately 1 to 2 servings of tradi-
tional soyfoods (one serving equals one
cup of soymilk or 3 to 4 ounces of tofu).
In traditional soyfoods 1g of soy protein
generally provides about 3 to 4 mg of
isoflavones. Fasting serum isoflavone
levels in Japanese adults are approxi-
mately 200-500 nM, considerably lower
than the postprandial levels of 1-5 uM
noted in subjects fed 2 to 3 servings of
soyfoods. Although there are several
putative anticarcinogens in soy, the
focus has been on the isoflavones, in
part because the primary soybean

isoflavone genistein inhibits the growth
of a wide range of hormone-dependent
and hormone-independent cancer cells
in vitro.®!2 In addition to genistein (4' 5,
7-trihydroxyisoflavone), soybeans con-
tain daidzein (4', 7-dihydroxyisoflavone)
and small amounts of a third isoflavone
known as glycitein (7, 4'-dihydroxy-6-
methoxyisoflavone). Also, in approxi-
mately 30% to 50% of subjects fed soy,
intestinal bacteria convert the isoflavone
daidzein into the isoflavonoid, equol."”
Isoflavones are present in the soy-
bean primarily as f§-glycosides, which
can have an acetyl or malonyl group
attached for a total of 12 different
isoflavone isomers.'® The various types
of processing involved in the production
of soyfoods only slightly affect total
isoflavone content since, for the most
part, these molecules are not heat labile.
However, affect
isoflavone profile. The bioavailability of
isoflavones from different soyfoods does

processing  will

not appear to be greatly affected by dif-
ferences in isoflavone isoform profile.
Isoflavones are referred to as “phy-
toestrogens” because they bind to estro-
gen receptors (ERs) and exert some
estrogen-like effects on cells. They have
a low relative binding affinity (RBA) for
ERa, although their binding affinity,
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especially that of genistein, for ERD, is
only slightly lower than 17b estradi-
0l.12% Genistein has a similar RBA for
ERa, as tamoxifen but has a much high-
er RBA than tamoxifen for ERb. How-
ever, the RBA of 4-OH-tamoxifen for
both receptors is considerably higher
than the RBA of genistein, tamoxifen,
and even 17b-estradiol.'” Arguably,
isoflavones are more accurately classi-
fied as selective estrogen-receptor mod-
ulators (SERMs) than phytoestrogens.
Although they may exert estrogen-like
effects in some tissues, such as the
bones,?!?? isoflavones are different from
estrogen. For example, they do not
increase endometrial cell prolifera-
tion;??* and, unlike estrogen, they do
not increase serum triglyceride levels.”

The potential antiestrogenic effects
of weak estrogen-like compounds such
as isoflavones, which were first noted in
mice nearly 40 years ago,’ certainly
provide a possible mechanism for the
hypothesized protective effects of soy
consumption against breast cancer.
Although it is by no means evident that
soyfoods exert antiestrogenic effects on
breast tissue, there are multiple mecha-
nisms by which such effects can occur.
However, it is the effects of genistein on
signal transduction, such as the inhibi-
tion of tyrosine protein kinase,?”?$ MAP
kinase,?” and DNA topoisomerase,*
which appear to be responsible for the
in vitro inhibitory effects of this
isoflavone on cancer cells.’!-*° For these
reasons, even classifying isoflavones as
phyto-SERMS is probably an incom-
plete characterization.

Soy Intake and Breast Cancer
Prevention

Findings published in 1990 showed that
the addition of soy protein to a typical
laboratory diet significantly decreased
chemically induced rat mammary can-
cer.’* This finding and the low breast
cancer mortality rates in Asian coun-
tries’’ were two key observations that
first convinced the NCI to allocate
funding for research on the anticancer
effects of soy."? Since then, the relation-
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ship between soy intake and breast can-
cer risk has been intensely investigated.

Animal and epidemiologic data.
The animal data are somewhat incon-
sistent. However, they generally show
that the substitution of soy protein for
casein (the reference animal protein
used in rodent diets) and the addition of
isolated isoflavones to a standard labo-
ratory diet reduces chemically induced
mammary tumor multiplicity (the num-
ber of tumors per rat) by 25% to 50%,
although incidence (percentage of ani-
mals with tumors) is much less often
affected.’¢*8# Several studies also have
noted increases in tumor latency (ie,
average time to first tumor).” In con-
trast, despite low breast cancer mortali-
ty rates in Asia, there is little epidemio-
logic evidence from case-control or
prospective studies supporting the
hypothesis that adult soy intake reduces
postmenopausal breast cancer risk.
Nonetheless, there exists some modest
support for a protective effect against
premenopausal breast cancer.* A few
widely publicized case-control studies
involving Western subjects did find soy
intake or urinary isoflavone excretion to
be inversely related to breast cancer
risk, but the significance of these find-
ings is unclear since soy intake in these
studies was negligible.* The reduction
in breast cancer risk in these studies
may be associated with soy intake
because—among Westerners—soy con-
sumption may be a marker for a healthy
lifestyle.

Clinical studies. Human interven-
tion studies involving intermediate end-
points of breast cancer risk have pro-
duced mixed results. For example,
Kurzer noted that although no studies
found statistically significant effects, 7
of 8 reported a trend toward an increase
in menstrual cycle length;* longer
cycles are associated with a reduced
breast of cancer.¥’ Also, several studies
found a decrease in urinary estrogens
and increased ratios of urinary 2-(OH)
to 16alpha-(OH) and 2-(OH) to
4-(OH) estrogens, findings that again

suggest a protective effect.

In contrast to these favorable find-
ings, two studies suggest soy actually
has estrogen-like effects on breast tis-
sue. In one of these, Petrakis et al®
found that daily soy consumption (38 g
soy protein isolate, 80 mg isoflavones)
over five months was associated with an
increase in breast nipple aspirate fluid
(NAF) secretion and breast cell hyper-
plasia in premenopausal women. Previ-
ous epidemiological research by these
investigators showed that nonlactating
women who can secrete breast fluid are
at an increased breast cancer risk com-
pared with those who cannot* and that
abnormal NAF cytology is associated
with a further increased breast cancer
risk.’® However, this study did not
include a control group, and fluid secre-
tion continued to increase even after
soy consumption was discontinued.
This suggests that repeated nipple aspi-
ration may have contributed to the
putative effect.

In the other study of biopsies taken
from premenopausal women who con-
sumed 60 g textured soy protein con-
taining 45 mg isoflavones for two
weeks, the expression of two proteins,
pS2 and apolipoprotein D, found in
breast cells were up-regulated and
down-regulated, respectively, which is
similar to the effects of estrogen. How-
ever, there was no effect of soy on estro-
gen and progesterone receptor status,
apoptosis, mitosis, or Bcl-2 expression
or cell proliferation. Consequently,
although the authors of this study con-
cluded that soy exerts a weak estrogenic
effect on breast tissue, they also noted
that the long-term implications of these
effects were unclear. Certainly, the
short duration of this study is a major
limitation, since two weeks may not be
sufficient for antiestrogenic and/or
antiproliferative effects of soy to
become evident. Furthermore, in vitro
genistein was found to increase pS2 lev-
els in estrogen-receptor positive (ER+)
MCEF-7 breast cancer cells at the same
concentration at which growth was
inhibited."

Recently, two laboratories examined



the effect of isoflavone supplements on
breast tissue density. (Neither study has
been published in full manuscript
form.) Mammographic density appears
to be an excellent short-term marker of
the effect on the breast of potential pre-
ventive interventions for breast can-
cer.’'% In one study, 175 women aged
49 to 65 with Wolfe’s P2 or DY mam-
mographic patterns were randomly
assigned to receive either 40 mg
isoflavones derived from red clover or
placebo for one year. There were no
significant differences between the
isoflavone and placebo groups overall;
but when subjects were divided into
tertiles of age, breast tissue density sig-
nificantly decreased (P<0.05) in women
between the ages of 56-65 who
received isoflavones, whereas women of
the same age who received a placebo
had a slight, but insignificant, increase.
In the second study, 34 premenopausal
women were randomly assigned to
receive either 100 mg isoflavones
(derived from soy) or placebo for one
year. No differences in breast tissue
density were noted between groups.
These two studies show that in con-
trast to EPT, isoflavones do not
increase breast tissue density.* It
should be noted that this discussion
does not detail the work of Dr. Ger-
traud Maskarinec, which really should
be mentioned. Her findings on soy and
mammographic density, which are pub-
lished in the peer-reviewed literature,
show interesting ethnic differences.
Early soy intake. There is consider-
able interest in the possible protective
effects of early soy consumption on adult
breast cancer risk. This hypothesis is
particularly intriguing because migra-
tion data indicate that early life events
greatly influence breast cancer develop-
ment in adults.’>*7 For example, Lamar-
tiniere and colleagues have shown con-
sistently that exposing rats to oral or
intravenous genistein for brief periods
during the perinatal and prepubertal
periods reduces chemically induced
mammary tumor multiplicity by approx-
imately 50%.5® These investigators have

found that genistein inhibits mammary
cancer when the compound was given to
adult animals that were exposed to it
while they were young. Recently, Badger
has confirmed the findings of Lamar-
tiniere and colleagues using isolated soy
protein.’ These authors have shown
that exposure to isoflavones causes
breast tissue differentiation and reduces
the number of terminal end buds, the
anatomical structure within the rodent
mammary gland that is the likely site of
tumor development.’$

"Two recently published epidemiolog-
ic studies support the migration data and
animal research. One showed that Chi-
nese women who consumed an average
of approximately 11 g of soy protein per
day during their teenage years were 50%
less likely to develop breast cancer, com-
pared to women who rarely consumed
soy during this period of life.*! Soy con-
sumption during adulthood did not
affect these findings. In the other study,
which involved Asian Americans, soy
intake reduced breast cancer risk by 35%
in women who consumed soy through-
out their lives but was not protective in
women only consuming soy during
adulthood.®

Opverall, the data are equivocal as to
the question of whether adult soy intake
reduces breast cancer risk. Clearly,
without epidemiologic support it will be
difficult to present a convincing case
that adult soy intake is protective.
Short-term clinical trials utilizing inter-
mediate endpoints, such as breast tissue
density, may continue to provide impor-
tant insights. In the meantime, the most
intriguing—but still highly specula-
tive—hypothesis is that early soy intake
reduces breast cancer risk later in life.
Epidemiologic findings suggest the con-
sumption of relatively little soy during
teenage years (approximately 1 to 2
servings per day) is sufficient to marked-
ly reduce adult breast cancer risk.

Does Soy Increase Breast Cancer Risk
or Cancer Recurrence in Breast Cancer
Patients?

In vitro genistein exerts a biphasic

effect on the growth of ER+, but not
ER-, breast cancer cell lines.®% At
concentrations between 10 nM and 1
uM, growth is typically stimulated,
whereas at concentrations above 10 uM
growth is markedly inhibited. At lower
concentrations, the estrogen-like
effects of genistein predominate;
whereas, at higher concentrations, the
effects of genistein on signal transduc-
tion come into play and result in
growth inhibition.

In theory, these in vitro findings sug-
gest caution in the use of soyfoods
because the lower concentrations rep-
resent physiologic levels. In serum,
most genistein is conjugated and bio-
logically inactive, whereas the in vitro
concentrations refer to unconjugated
genistein. However, not only do in vit-
ro conditions not accurately reflect in
vivo conditions, but Dalu et al also
found that dietary genistein down-
regulated epidermal growth factor
receptor expression in the prostate
despite genistein prostatic concentra-
tions in the low nanomolar range.5
Thus, it appears that genistein actually is
more potent in vivo than would be
expected on the basis of the in vitro data.

Animal Studies. Hsieh and col-
leagues conducted the one animal study
primarily responsible for raising con-
cerns about the possible estrogenic
effects of soy on breast tissue.5* In this
study, dietary genistein markedly stimu-
lated the growth of mammary tumors in
athymic ovariectomized mice implanted
with MCF-7 cells. In a follow-up study,
isolated soy protein containing graded
amounts of genistein produced similar
effects as isolated genistein.’’ In con-
trast, Shao et al®—using very low dos-
es (0.1-0.5 mg/kg body weight) of
genistein injected subcutaneously—and
Zhou et al®—using dietary genistein
(the glycoside form of genistein)—
observed tumor inhibition in intact
nude mice given estrogen pellets and
orthotopically implanted with MCF-7
cells.®” Although still speculative, these
rodent studies collectively suggest
that in a low-estrogen environment
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genistein is estrogenic and has a prolif-
erative effect on breast tissue, while it
has an antiproliferative and possibly
antiestrogenic effect in a high-estrogen
environment.5¢7.% It is not clear which
model is most applicable to humans.
Although serum estrogen levels differ
markedly between pre- and post-
menopausal women, locally produced
estrogens are thought to drive breast
cancer cell growth.

Study observations. As noted by
Messina and Loprinzi® and others,”
considerable evidence indicates that at
least in regard to breast cancer develop-
ment in healthy women, the combina-
tion of hormones—not estrogen
alone—increases breast cancer risk. If
correct, this notion is potentially sig-
nificant to the soy-breast cancer con-
troversy because neither soy nor
isoflavones have progesterone activity.”!
Evidence includes the observations
that, compared to estrogen alone, the
combination of estrogen and progesto-
gen is associated with greater breast tis-
sue density,’'7>7* as well as increased
breast’”” and mammary’ cell prolifera-
tion. This same evidence also suggests
that breast cell replication is four times
greater during the luteal phase of the
menstrual cycle when endogenous
serum progesterone levels are high,
compared to the follicular phase when
progesterone levels are low.”?

In addition, several epidemiologic
studies have found that estrogen alone
increases breast cancer risk only slight-
ly, or not at all, whereas the combina-
tion of hormones markedly increases
risk.78-8! Finally, the most telling obser-
vation may prove to be the results from
the Women’s Health Initiative (WHI).
In this trial, breast cancer risk was
increased in women receiving both
estrogen (0.625 mg/d of conjugated
estrogens) and progestin (2.5 mg of
medroxyprogesterone acetate), where-
as no increase in breast cancer risk has
been observed in the estrogen-only
arm of this trial thus far.2 However,
this arm of the WHI is still underway;
and final results regarding breast can-
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cer will not be available for some time.

Despite the theoretical basis and
some in vitro and animal support, over-
all evidence suggesting that soy intake
increases risk of breast cancer in high-
risk women or increases recurrence in

breast cancer survivors is unimpressive.

Soy, Isoflavones, and Tamoxifen: Are
There Clinically Relevant Interactions?
Treatment outcomes of Asian breast
cancer patients typically are better than
those of U.S. women, even after con-
trolling for stage of diagnosis.®*-# Nev-
ertheless, there is some concern that
isoflavones may inhibit the efficacy of
tamoxifen. Certainly, there is a biologi-
cal basis for such speculation since both
isoflavones and tamoxifen compete for
binding to estrogen receptors. Jones et
al found that in vitro genistein inhibit-
ed the effects of tamoxifen on the
growth of T47D ER+ breast cancer
cells.?” In contrast, in MCF-7 cells®®
and MDA-MB-435 cells,* an ER-cell
line, genistein enhanced the effects of
tamoxifen.

Several investigators have examined
the combination of soy and tamoxifen on
mammary tumor growth in rodents.
Most importantly, Ju and colleagues
reported that genistein negated by about
60% the inhibitory effects of tamoxifen
on mammary tumor growth in ovariec-
tomized athymic mice implanted with
MCEF-7 cells.”” In contrast, the ferment-
ed soy product miso acted synergistical-
ly with tamoxifen to inhibit N-nitroso-
N-methylurea-induced rat mammary
tumor multiplicity and incidence,”* and
isolated soy protein acted in an additive
inhibit
the development of 7,12-dimethyl-
benz[a]anthracene-(DMBA)

mammary tumors.”

manner with tamoxifen to
induced

There is some question about the
applicability of these findings to breast
cancer patients, since these models
specifically address effects on tumor
development. However, researchers
also have found miso to enhance the
efficacy of tamoxifen on the growth of
existing tumors. At the same time, the

combination of miso and tamoxifen
inhibited the growth of existing
DMBA-induced mammary tumors by
15%; whereas in control rats and in rats
given tamoxifen only, tumors grew by
41% and 60%, respectively.”!

Although no human data on the
interaction between soy and tamoxifen
are available, there is limited informa-
tion on the interaction between EPT
and tamoxifen. In three clinical trials
examining the impact of tamoxifen on
breast tumor recurrence and in which a
subset of the women were also taking
EPT, no negative interactions were
noted.”

Possible Benefits of Soy and
Isoflavones

Understandably, the overwhelming con-
cern about soyfoods on the part of breast
cancer survivors is how the decision
whether or not to use these products will
impact their cancer recurrence and sur-
vival. Nevertheless, it notable that there
is considerable evidence suggesting soy-
foods and isoflavones exert both skeletal
and coronary benefits. For example, a
recent one-year study found that genis-
tein increased bone mineral density at
the hip and Ward’s triangle about as
much as EPT and only slightly less at
the spine.** Isoflavones also have been
shown to enhance systemic arterial com-
pliance?>% and may improve endothelial
function,” although studies are conflict-
ing on the latter point. Soy protein also
modestly lowers serum cholesterol as
recognized by the U.S. Food and Drug
Administration and the American Heart
Association.”

Interestingly, three short-term stud-
ies suggest isoflavones and isoflavone-
rich soyfoods improve certain aspects of
cognitive function, although only one
of these studies has been published to
date.” Results from studies examining
the effects of soy or isoflavone supple-
ments on hot flashes are mixed, but a
recently published analysis found that
treatment efficacy is related to initial
hot flash frequency. Thus, women with
frequent hot flashes may find soy



efficacious, even though no benefits
were noted in two studies specifically
involving breast cancer patients.!%1!
Finally, and importantly, there is little
evidence to suggest isoflavones or soy-
foods cause the adverse effects reported
for EPT in the WHI and the HERS
I/I1.192 However, it should be noted that
neither soyfoods nor isoflavones have
been studied in long-term clinical trials
utilizing disease outcome as an end-
point; therefore, definitive conclusions
about health benefits cannot be made.

effects  of
isoflavones have led some to conclude

The estrogen-like

that soyfood consumption should be
avoided by breast cancer patients and
women at high risk of the disease. In this
author’s opinion, the evidence does not
warrant such restrictions. It is not neces-
sary to advise women to stop current use
of soyfoods if they develop breast cancer.
Expecting women for whom soyfoods
are an important part of their diet to give
them up is an unnecessary burden.
Although isoflavones have some estro-
gen-like properties, they are different
from estrogen and are more accurately
classified as SERMs. Furthermore,
isoflavones have nonhormonal proper-
tes that likely contribute to their physi-
ological effects.

Although one animal study did find
genistein increased mammary tumor
growth in ovariectomized athymic mice,
other animal studies show isoflavones
inhibit tumor growth in mice orthotopi-
cally implanted with ER+ breast cancer
cells. In humans, two studies suggested
soy exerted estrogen-like effects on
breast tissue but the findings from both
are difficult to interpret because of
methodological issues. Therefore, any
possible implications regarding breast
cancer risk are unclear. Furthermore,
two year-long studies, one in pre-
menopausal and the other in post-
menopausal women, did not find that
isoflavone supplements increased breast
tissue density. In fact, in the latter group,
there was a suggestion that isoflavones
were protective against breast cancer.

Finally, an impressive body of data

suggests estrogen in combination with a
progestin, but not estrogen alone,
increases breast cancer risk. If this
proposition is true, it would suggest that
soy would not increase breast cancer
risk. Although there is a biological basis
for concern that soyfood consumption
might interfere with the efficacy of
tamoxifen, overall the data actually are
more supportive of soy enhancing,
rather than inhibiting, the effects of this
drug; but this is highly speculative.

Conclusion

Clearly, there are insufficient data to
recommend that breast cancer patients,
regardless of tamoxifen use, specifically
begin consuming soy solely to enhance
survival. However, these women may
want to start eating soyfoods because
they are transitioning to a more plant-
based diet or because of the hypothe-
sized coronary and skeletal benefits of
soy. This seems appropriate, but these
women should be advised of both the
potential risks and benefits of doing so.
Evidence suggests the consumption of
approximately two servings of soy per
day, which provide about 15 g soy pro-
tein and 50 mg isoflavones, is sufficient
to derive health benefits. =

Dr. Messina is Adjunct Associate Professor
in the Department of Nutrition at Loma Linda
University and President of Nutrition Matters,
Inc., in Port Townsend, WA.

Dr. Messina is a paid consultant to the soy
foods industry.

References

1. Harris PF, Remington PL, Trentham-Dietz A, et al.
Prevalence and treatment of menopausal symptoms
among breast cancer survivors. J Pain Symptom Manage
2002;23:501-9.

2. VandeCreek L, Rogers E, Lester J. Use of alternative
therapies among breast cancer outpatients compared
with the general population. Altern Ther Health Med
1999;5:71-76.

3. Lee MM, Lin SS, Wrensch MR, et al. Alternative ther-
apies used by women with breast cancer in four ethnic
populations. J Natl Cancer Inst 2000;92:42-7.

4. Morris KT, Johnson N, Homer L, Walts D. A compari-
son of complementary therapy use between breast can-
cer patients and patients with other primary tumor sites.
Am J Surg 2000;179:407-11.

5. Treatment of estrogen deficiency symptoms in
women surviving breast cancer. Part 6: Executive summa-
ry and consensus statement. Proceedings of a confer-

ence held at Boar's Head Inn, Charlottesville, Virginia,
September 21-23, 1997. Oncology (Huntingt)
1999;13:859-61, 865-6; 1999;13:871-2 passim.

6. Eden JA, Wren BG. Hormone replacement therapy
after breast cancer: a review. Cancer Treat Rev
1996;22:335-43.

7. Eden JA. Estrogen replacement therapy in survivors
of breast cancer: a risk-benefit assessment. Drugs Aging
1996;8:127-33.

8. Messina M, Flickinger B. Hypothesized anticancer
effects of soy: evidence points toward isoflavones as the
primary anticarcinogens. Pharmaceutical Biology
2002;40:6-23S.

9. Messina MJ, Loprinzi CL. Soy for breast cancer sur-
vivors: a critical review of the literature. J Nutr
2001;131:3095S-108S.

10. Lee SK, Song L, Mata-Greenwood E, et al. Modulation
of in vitro biomarkers of the carcinogenic process by
chemopreventive agents. Anticancer Res 1999;19:35-44.

11. Committee CBaAD. Clinical development plan:
genistein. J Cell Biochem Suppl 1996;26:114-26.

12. Messina M, Banes S. The role of soy products in
reducing risk of cancer. J Natl Cancer Inst 1991;83:541-6.

13. Greenwald P. Cancer chemoprevention. BMJ
2002;324:714-8.

14. Bouker KB, Hilakivi Clarke L. Genistein: does it pre-
vent or promote breast cancer? Environ Health Perspect
2000;108:701-708.

15. Weiger WA, Smith M, Boon H, et al. Advising patients
who seek complementary and alternative medical therapies
for cancer. Ann Intern Med 2002;137:889-903.

16. Nagata C, Takatsuka N, Kawakami N, Shimizu H. A
prospective cohort study of soy product intake and stom-
ach cancer death. Br J Cancer 2002;87:31-6.

17. Setchell KD, Brown NM, Lydeking Olsen E. The clini-
cal importance of the metabolite equol-a clue to the
effectiveness of soy and its isoflavones. J Nutr
2002;132:3577-84.

18. Murphy PA, Song T, Buseman G, et al. Isoflavones in
retail and institutional soy foods. J Agric Food Chem
1999;47:2697-704.

19. Kuiper GG, Lemmen JG, Carlsson B, et al. Interaction
of estrogenic chemicals and phytoestrogens with estrogen
receptor beta. Endocrinology 1998;139:4252-63.

20. Kuiper GG, Carlsson B, Grandien K, et al. Compari-
son of the ligand binding specificity and transcript tissue
distribution of estrogen receptors alpha and beta.
Endocrinology 1997;138:863-70.

21. Arjmandi BH, Smith BJ. Soy isoflavones’ osteopro-
tective role in postmenopausal women: mechanism of
action. J Nutr Biochem 2002;13:130-137.

22. Messina M, Gugger ET, Alekel DL. Soy protein, soy-
bean isoflavones, and bone health: a review of the animal
and human data, in Wildman R (ed): Handbook of
Nutraceuticals and Functional Foods. Boca Raton, CRC
Press LLC 2001;pp 77-98.

23. Upmalis DH, Lobo R, Bradley L, et al. Vasomotor symp-
tom relief by soy isoflavone extract tablets in post-
menopausal women: a multicenter, double-blind, random-
ized, placebo- controlled study. Menopause 2000;7:236-42.

24. Duncan AM, Underhill KE, Xu X, et al. Modest hor-
monal effects of soy isoflavones in postmenopausal
women. J Clin Endocrinol Metab 1999:4:3479-84.

25. Anderson JW, Johnstone BM, Cook Newell ME.
Meta-analysis of the effects of soy protein intake on
serum lipids. N Engl J Med 1995;333:276-82.

26. Folman Y, Pope GS. The interaction in the immature
mouse of potent oestrogens with coumestrol, genistein
and other utero-vaginotrophic compounds of low poten-
cy. J Endocrinol 1966;34:215-25.

May/JuNE 2003 23



27. Ogawara H, Akiyama T, Ishida J. A specific inhibitor
for tyrosine protein kinase from Pseudomonas. J Antibiot
(Tokyo) 1986;39:606-8.

28. Akiyama T, Ishida J, Nakagawa S. Genistein, a specif-
ic inhibitor of tyrosine-specific protein kinases. J Biol
Chem 1987;262:5592-5.

29. Frey RS, Singletary KW. Genistein activates p38 mito-
gen-activated protein kinase, inactivates ERK1/ERK2 and
decreases Cdc25C expression in immortalized human
mammary epithelial cells. J Nutr 2003;133:226-31.

30. Constantinou A, Huberman E. Genistein as an induc-
er of tumor cell differentiation: possible mechanisms of
action. Proc Soc Exp Biol Med 1995;208:109-15.

31. Weber G, Shen F, Yang H, et al. Regulation of signal
transduction activity in normal and cancer cells. Anti-
cancer Res 1999;19:3703-9.

32. Ford D. Mechanistic explanations for the chemopre-
ventive action of soyabean isoflavones: reducing the pos-
sibilities. Br J Nutr 2002;88:439-41.

33. Upadhyay S, Neburi M, Chinni SR, et al. Differential
sensitivity of normal and malignant breast epithelial cells
to genistein is partly mediated by p21(WAF1). Clin Can-
cer Res 2001;7:1782-9.

34. Constantinou A, Kiguchi K, Huberman E. Induction of
differentiation and DNA strand breakage in human HL-60
and K-562 leukemia cells by genistein. Cancer Res
1990,;50:2618-24.

35. Kim H, Peterson TG, Barnes S. Mechanisms of
action of the soy isoflavone genistein: emerging role for
its effects via transforming growth factor beta signaling
pathways. Am J Clin Nutr 1998;68:1418S-1425S.

36. Barnes S, Grubbs C, Setchell KD, et al. Soybeans
inhibit mammary tumors in models of breast cancer. Prog
Clin Biol Res 1990;347:239-53.

37. Pisani P, Parkin DM, Bray F, Ferlay J. Estimates of the
worldwide mortality from 25 cancers in 1990. Int J Can-
cer 1999;83:18-29.

38. Hakkak R, Korourian S, Shelnutt SR, et al. Diets con-
taining whey proteins or soy protein isolate protect
against 7,12-dimethylbenz(a)anthracene-induced mamma-
ry tumors in female rats. Cancer Epidemiol Biomarkers
Prev 2000;9:113-7.

39. Gotoh T, Yamada K, Yin H, et al. Chemoprevention of
N-nitroso-N-methylurea-induced rat mammary carcinogen-
esis by soy foods or biochanin A. Jpn J Cancer Res
1998;89:137-42.

40. Hawrylewicz EJ, Huang HH, Blair WH. Dietary soy-
bean isolate and methionine supplementation affect mam-
mary tumor progression in rats. J Nutr 1991;121:1693-8.

41. Baggott JE, Ha T, Vaughn WH, et al. Effect of miso
(Japanese soybean paste) and NaCl on DMBA-induced
rat mammary tumors. Nutr Cancer 1990;14:103-9.

42. Ohta T, Nakatsugi S, Watanabe K, et al. Inhibitory
effects of Bifidobacterium-fermented soy milk on 2-amino-
1- methyl-6-phenylimidazo[4,5-b]pyridine-induced rat
mammary carcinogenesis, with a partial contribution of its
component isoflavones. Carcinogenesis 2000;21:937-41.

43. Jin Z, MacDonald RS. Soy isoflavones increase
latency of spontaneous mammary tumors in mice. J Nutr
2002;132:3186-90.

44, Peeters PH, Keinan Boker L, van der Schouw YT,
Grobbee DE. Phytoestrogens and breast cancer risk:
review of the epidemiological evidence. IARC Sci Publ
2002;156:331-6.

45. Ingram D, Sanders K, Kolybaba M, Lopez D. Case-
control study of phyto-oestrogens and breast cancer.
Lancet 1997;350:990-4.

46. Kurzer MS. Hormonal effects of soy in premenopausal
women and men. J Nutr 2002;132:570S-3S.

24 MENOPAUSE MANAGEMENT

47 Whelan EA, Sandler DP, Root JL, et al. Menstrual
cycle patterns and risk of breast cancer. Am J Epidemiol
1994,140:1081-90.

48. Petrakis NL, Barnes S, King EB, et al. Stimulatory
influence of soy protein isolate on breast secretion in pre-
and postmenopausal women. Cancer Epidemiol Bio-
markers Prev 1996;5:785-94.

49. Petrakis NL. Nipple aspirate fluid in epidemiologic stud-
ies of breast disease. Epidemiol Rev 1993;15:188-95.

50. Wrensch MR, Petrakis NL, King EB. Breast cancer
incidence in women with abnormal cytology in nipple aspi-
rates of breast fluid. Am J Epidemiol 1992;135:130-41.

51. Vachon CM, Kuni CC, Anderson K, et al. Association
of mammographically defined percent breast density with
epidemiologic risk factors for breast cancer (United
States). Cancer Causes Control 2000;11:653-62.

52. Boyd NF, Lockwood GA, Martin LJ, et al. Mammo-
graphic density as a marker of susceptibility to breast
cancer: a hypothesis. IARC Sci Publ 2001;154:163-9.

53. Boyd NF, Martin LJ, Stone J, et al. Mammographic
densities as a marker of human breast cancer risk and
their use in chemoprevention. Curr Oncol Rep
2001;3:314-21.

54. Laya MB, Gallagher JC, Schreiman JS, et al. Effect
of postmenopausal hormonal replacement therapy on
mammaographic density and parenchymal pattern. Radiol-
ogy 1995;196:433-7.

55. Shimizu H, Ross RK, Bernstein L, et al. Cancers of the
prostate and breast among Japanese and white immigrants
in Los Angeles County. Br J Cancer 1991;63:963-6.

56. Hemminki K, Li X. Cancer risks in second-generation
immigrants to Sweden. Int J Cancer 2002;99:229-37.

57. Hemminki K, Li X, Czene K. Cancer risks in first-gen-
eration immigrants to Sweden. Int J Cancer
2002;99:218-28.

58. Lamartiniere CA, Zhao YX, Fritz WA. Genistein:
mammary cancer chemoprevention, in vivo mechanisms
of action, potential for toxicity and bioavailability in rats. J
Women’s Cancer 2000;2:11-19.

59. Badger TM, Ronis MJ, Hakkak R, et al. The health
consequences of early soy consumption. J Nutr
2002;132:559S-65S.

60. Rowlands JC, Hakkak R, Ronis MJ, Badger TM.
Altered mammary gland differentiation and progesterone
receptor expression in rats fed soy and whey proteins.
Toxicol Sci 2002;70:40-5.

61. Shu XO, Jin F, Dai Q, et al. Soyfood intake during
adolescence and subsequent risk of breast cancer
among Chinese women. Cancer Epidemiol Biomarkers
Prev 2001;10:483-8.

62. Wu AH, Wan P, Hankin J, et al: Adolescent and adult
soy intake and risk of breast cancer in Asian-Americans.
Carcinogenesis 2002;23:1491-6.

63. Wang TT, Sathyamoorthy N, Phang JM. Molecular
effects of genistein on estrogen receptor mediated path-
ways. Carcinogenesis 1996;17:271-5.

64. Hsieh CY, Santell RC, Haslam SZ, Helferich WG.
Estrogenic effects of genistein on the growth of estrogen
receptor-positive human breast cancer (MCF-7) cells in
vitro and in vivo. Cancer Res 1998;58:3833-8.

65. Zava DT, Duwe G. Estrogenic and antiproliferative
properties of genistein and other flavonoids in human
breast cancer cells in vitro. Nutr Cancer 1997;27:31-40.

66. Dalu A, Blaydes B, Bryant C, et al. Estrogen receptor
expression in the prostate of rats treated with dietary
genistein. J Chromatogr B Analyt Technol Biomed Life
Sci 2002;777:249.

67. Allred CA, Allred KF, Ju YH, et al. Soy diets contain-
ing varying amounts of genistein stimulate growth of
estrogen-dependent (MCF-7) tumors in a dose-depend-
ent manner. Cancer Res 2001;61:5045-50.

68. Shao ZM, Wu J, Shen ZZ, Barsky SH. Genistein
exerts multiple suppressive effects on human breast car-
cinoma cells. Cancer Res 1998;58:4851-7.

69. Zhou J-R. Prevention of orthotopic growth of estro-
gen-dependent human breast tumor in mice by dietary
soy phytochemicals. 222nd American Chemical Society
Meeting, Chicago, lllinois:Abstract 121, 2001.

70. Pritchard KI. Hormonal replacement therapy in breast
cancer. Ann Oncol 2002;13 Suppl 4:73-80.

71. Zava DT, Dollbaum CM, Blen M. Estrogen and prog-
estin bioactivity of foods, herbs, and spices. Proc Soc
Exp Biol Med 1998;217:369-78.

72. Lundstrom E, Wilczek B, von Palffy Z, et al. Mammo-
graphic breast density during hormone replacement ther-
apy: effects of continuous combination, unopposed trans-
dermal and low-potency estrogen regimens. Climacteric
2001;4:42-8.

73. Greendale GA, Reboussin BA, Sie A, et al. Effects of
estrogen and estrogen-progestin on mammographic
parenchymal density. Postmenopausal Estrogen/Prog-
estin Interventions (PEPI) Investigators. Ann Intern Med
1999;130:262-9.

74. Greendale GA, Reboussin BA, Slone S, et al. Post-
menopausal hormone therapy and change in mammo-
graphic density. J Natl Cancer Inst 2003;95:30-7.

75. Conner P, Skoog L, Soderqvist G. Breast epithelial
proliferation in postmenopausal women evaluated through
fine-needle-aspiration cytology. Climacteric 2001;4:7-12.

76. Cline JM, Paschold JC, Anthony MS, et al. Effects of
hormonal therapies and dietary soy phytoestrogens on
vaginal cytology in surgically postmenopausal macaques.
Fertil Steril 1996;65:1031-5.

77. Soderqgvist G, Isaksson E, von Schoultz B, et al. Pro-
liferation of breast epithelial cells in healthy women during
the menstrual cycle. Am J Obstet Gynecol
1997;176:123-8.

78. Schairer C, Lubin J, Troisi R, et al. Menopausal estro-
gen and estrogen-progestin replacement therapy and
breast cancer risk. JAMA 2000;283:485-91.

79. Ross RK, Paganini-Hill A, Wan PC, et al. Effect of
hormone replacement therapy on breast cancer risk:
estrogen versus esthrogen plus progestin. J Natl Cancer
Inst 2000;92:328-32.

80. Weiss LK, Burkman RT, Cushing Haugen KL, et al.
Hormone replacement therapy regimens and breast can-
cer risk(1). Obstet Gynecol 2002;100:1148-58.

81. Daling JR, Malone KE, Doody DR, et al. Relation of
regimens of combined hormone replacement therapy to
lobular, ductal, and other histologic types of breast carci-
noma. Cancer 2002;95:2455-64.

82. Writing Group for the Women'’s Health Initiative
Investigators. Risks and benefits of estrogen plus prog-
estin in healthy postmenopausal women: principal results
from the Women’s Health Initiative randomized controlled
trial. JAMA 2002;288:321-33.

83. Yonemoto RH. Breast cancer in Japan and United
States: epidemiology, hormone receptors, pathology, and
survival. Arch Surg 1980;115:1056-62.

84. Meng L, Maskarinec G, Wilkens L. Ethnic differences
and factors related to breast cancer survival in Hawaii. Int
J Epidemiol 1997;26:1151-8.

85. Morrison AS, Lowe CR, MacMahon B, et al. Some
international differences in treatment and survival in
breast cancer. Int J Cancer 1976;18:269-73.

86. Pineda MD, White E, Kristal AR, et al. Asian breast
cancer survival in the US: a comparison between Asian
immigrants, US-born Asian Americans and Caucasians.
Int J Epidemiol 2001;30:976-82.

(continued on page 34)



A Review of Soy Intake
(continued from page 24)

87. Jones JL, Daley BJ, Enderson BL, et al. Genistein
inhibits tamoxifen effects on cell proliferation and cell
cycle arrest in T47D breast cancer cells. Am Surg
2002;68:575-7; discussion 2002;68:577-8.

88. Han D, Tachibana H, Yamada K. Inhibition of environ-
mental estrogen-induced proliferation of human breast
carcinoma MCF-7 cells by flavonoids. In Vitro Cell Dev
Biol Anim 2001;37:275-82.

89. Shen F, Xue X, Weber G. Tamoxifen and genistein
synergistically down-regulate signal transduction and pro-
liferation in estrogen receptor-negative human breast car-
cinoma MDA-MB-435 cells. Anticancer Res
1999;19:1657-62.

90. Ju YH, Doerge DR, Allred KF, et al. Dietary genistein
negates the inhibitory effect of tamoxifen on growth of

estrogen-dependent human breast cancer (MCF-7) cells
implanted in athymic mice. Cancer Res 2002;62:2474-7.

91. Gotoh T, Yamada K, Ito A, et al. Chemoprevention of
N-nitroso-N-methylurea-induced rat mammary cancer by
miso and tamoxifen, alone and in combination. Jpn J Can-
cer Res 1998;89:487-95.

92. Constantinou A, Lantvit D, Lim E, et al. Consumption
of soy products may enhance tamoxifen’s breast cancer
preventive effects. Proc Am Assoc Cancer Res
2001;42:826.

93. Chlebowski RT, Col N, Winer EP, et al. American
Society of Clinical Oncology technology assessment of
pharmacologic interventions for breast cancer risk reduc-
tion including tamoxifen, raloxifene, and aromatase inhibi-
tion. J Clin Oncol 2002;20:3328-43.

94. Morabito N, Crisafulli A, Vergara C, et al. Effects of
genistein and hormone-replacement therapy on bone loss
in early postmenopausal women: a randomized double-
blind placebo-controlled study. J Bone Miner Res
2002;17:1904-12.

95. Nestel PJ, Pomeroy S, Kay S, et al. Isoflavones from
red clover improve systemic arterial compliance but not
plasma lipids in menopausal women. J Clin Endocrinol

Metab 1999;84:895-8.

96. Nestel PJ, Yamashita T, Sasahara T, et al. Soy
isoflavones improve systemic arterial compliance but not
plasma lipids in menopausal and perimenopausal women.
Arterioscler Thromb Vasc Biol 1997;17:3392-8.

97. Squadrito F, Altavilla D, Morabito N, et al. The effect
of the phytoestrogen genistein on plasma nitric oxide
concentrations, endothelin-1 levels and endothelium
dependent vasodilation in postmenopausal women. Ath-
erosclerosis 2002;163:339-47.

98. Erdman JW, Jr. Soy protein and cardiovascular dis-
ease: a statement for healthcare professionals from the
nutrition committee of the AHA. Circulation
2000;102:2555-9.

99. File SE, Duffy R, Wiseman H. Soya improves human
memory. Soy & Health 2002. The Queen Elizabeth II
Conference Centre, London, 2002.

100.Van Patten CL, Olivotto IA, Chambers GK, et al.
Effect of soy phytoestrogens on hot flashes in post-
menopausal women with breast cancer: a randomized,
controlled clinical trial. J Clin Oncol 2002;20:1449-55.

101. Loprinzi CL, Barton DL, Rhodes D. Management of
hot flashes in breast-cancer survivors. Lancet Oncol
2001;2:199-204.

102.Messina M. Soy foods and soybean isoflavones and
menopausal health. Nutr Clin Care 2002;5:272-282.

34 MENOPAUSE MANAGEMENT




