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Abstract

Concern has been raised about the effects of phytoestrogenic
plants and plant extracts on estrogen-sensitive cancers, largely
based on in vitro and animal research. Soy (Glycine max) and
other legumes and their isoflavones, notably genistein and daid-
zein, are the plants and constituents most studied, including the
potential importance of metabolism of these isoflavones by gut
flora to equol and its cogeners. Flax (Linum usitatissimum) and its
lignans, notably secoisolariciresinol, is also discussed. Essen-
tially, all existing epidemiologic and clinical trial research shows
cither benefit or absence of harm from these compounds, with
some subtleties about dose and equol or enterolactone formation
potentially being important. This paper will review the human
research and discuss why it is at odds with in vitro research.
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Introduction

Phytoestrogens are plant compounds that do not look like
estrogen, but which do activate estrogen receptors. The best
studied among several groups of phytoestrogenic compounds
are the isoflavones (see Fig. 1) found throughout the Fabaceae
(legume) family." Unlike other flavonoids, the phenolic B ring
is attached at carbon 2 of the C ring instead of carbon 3. This
small but crucial change makes isoflavones as a class phy-
toestrogens, while other flavonoids do not have this effect.
However, prenylated isoflavones, coumestans, and lignans
have also been demonstrated to act as phytoestrogens.

Though fears are continually raised suggesting that phytoes-
trogen-rich plants and isolated phytoestrogens may cause or ag-
gravate estrogen-sensitive cancers, particularly breast, ovarian,
uterine, and prostate cancers, these are generally based on studies
showing stimulation of cell lines in vitro or in animal models
involving exposure to isolated phytoestrogenic constituents.>
Phytoestrogenic constituents with different effects at various
concentrations are extrapolated from in vitro studies, but this has
proven to be inaccurate, as the constituents are metabolized, in-
cluding by gut flora, when ingested (sometimes to far more potent

phytoestrogens).* There are many reasons that these results should
not be extrapolated to humans, as summarized in Table 1 and as
will be discussed in depth below. Instead, there is ample evidence
supporting that phytoestrogen-rich plants and their constituents
are beneficial for both preventing and treating estrogen-sensitive
cancers in many people or, at worst, have no effect.

Isoflavones as PhytoSERMs and Beyond

Isoflavones are weak estrogen receptor beta (ER) agonists
and vastly weaker estrogen receptor alpha (ERo) agonists. If
the potency for activation of these receptors is set at 1 for
estradiol, then genistein has about a 0.33 potency at ERP and
0.001 potency at ERo..” Put another way, it takes three times the
dose of genistein to have the same effect as estradiol on acti-
vating ER3 and 1000 times the dose of genistein as estradiol to
have the same effect on activating ERo. Functionally, this
means that isoflavones do not significantly activate ERa in the
body because levels of the constituents and their metabolites
cannot generally achieve levels high enough to activate them
and also because ERP appears to act primarily as a negative
regulator of ERo.®” This is important because ERa. receptors
tend to mediate the harmful effects of estrogens because they are
found much more broadly throughout the body compared with
ERB, with distribution limited to the reproductive organs, bones,
brain, and blood vessels. Genistein also has mixed agonist/an-
tagonist effects on androgen receptors in mice, and ER[} agon-
ism exerts anti-androgen effects in prostate cancer cells.®?
Because of the estrogen receptor selectivity of most phytoes-
trogens, another term coined for these constituents is phyto-
SERMs (selective estrogen receptor modulators).'® As stated by
Béttner et al., “It is not the ligand, it is the multiplicity of re-
ceptors which determines the plethora of estrogen actions.”

Phytoestrogenic compounds have antineoplastic effects unre-
lated to their effects on estrogen receptors. A sampling of the wide
array of reported anticancer effects of isoflavones and their me-
tabolites is summarized in Table 2. Many, many more could be
listed for a large number of constituents. This sample serves to
illustrate that reducing phytoestrogens’ effects solely to their im-
pact on estrogen receptors misses a much bigger anticancer picture.

The metabolism of phytoestrogenic compounds appears to
play an important role in their effects in humans. The best
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Figure 1. The key isoflavones genistein and daidzein.

studied is the metabolism of daidzein to S-equol and genistein to
5-hydroxyequol by gut flora.!! Slackia isoflavoniconvertens, S.
equolifaciens, and Adlercreutzia equolifaciens are three anaer-
obic gut flora known to be responsible for these conversions. 12-14
Some of these are also responsible for the metabolism of cat-
echins in coffee, green tea, and chocolate.'> Equol-producing
premenopausal women were shown to have lower serum es-
trone, testosterone, cortisol, and DHEA levels but higher sex
hormone-binding globulin (SHBG) and midluteal progester-
one levels than non-equol producers were.'® This profile is
much more associated with a low risk of breast cancer. Equol
producers also had higher 2-hydroestrone compared to
16athydroestrogen levels in their urine, a pattern that is asso-
ciated with a reduced risk of breast cancer.'” Equol production
was not related to breast cancer risk in a cross-sectional study
in Alabama (including both white and black women), but in-

take of phytoestrogens was extremely low in this cohort.'®
Only 18% of this group were equol producers, also a very low
number, which could have skewed the results further. This
study also found that no equol producers had ER-negative
breast cancer, a finding noted in other studies discussed below.

Non-equol producers were more likely to have aggressive
disease in a Japanese cohort of prostate cancer patients.19
Surprisingly, equol producers in this study were more prolific
among prostate cancer patients than they were among healthy
controls in this cohort. Equol formation was significantly less
common among Japanese and Korean men with prostate can-
cer compared with healthy controls in an observation trial. >
Equol formation was very low in Americans with prostate
cancer and healthy controls (17% and 14%, respectively,
compared to >30% in all Asian men), and there was no sig-
nificant difference between the groups as a result.

Lignans as Phytoestrogens

The other most studied constituents that act as phytoestrogens
are various lignans, particularly secoisolariciresinol from Linum
usitatissimum (flax) and other nuts and seeds. Lignans have a
strong parallel to isoflavones in that they are clearly metabolized
by gut flora to metabolites (particularly enterolactone and en-
terodiol) that appear to be what are mainly absorbed and active
in the body in patients with the appropriate bacterial species.”’
Enterolactone, as well as secoisolariciresinol, have both been
shown to activate and upregulate the third ER, known as the G
protein-coupled ER1, an effect that interferes with the patho-
genesis of benign prostatic hyperplasia experimentallly.22 There
are also many studies confirming these lignans have antineo-
plastic effects unrelated to any impact on ERs.”® In animal
models, secoisolariciresinol clearly intereferes with breast can-
cer and has no stimulating effect on ovarian tissue.”*

Phytoestrogens and Cancer Prevention

Quite a few epidemiologic studies have reviewed the impact
of regular consumption of phytoestrogen-rich foods on rates of

Table 1. Reasons Why Phytoestrogens Are Helpful in Estrogen-Responsive Cancers

1. Phytoestrogens are selective estrogen receptor modulators, most often because they are weak agonists of ERB (which mostly results
in inhibition of estrogenic activity) and vastly weaker agonists of ERo.

2. There are other antineoplastic constituents besides phytoestrogens in herbs that contain phytoestrogens.

3. Phytoestrogens have anticancer activities that are independent of their effects on estrogen receptors.

estrogen—responsive cancers.

4. Phytoestrogen-rich plants and isolated phytoestrogenic constituents have proven helpful in clinical trials for patients with

5. Differences in gut flora metabolism of phytoestrogenic constituents play a significant role in whether or not people who consume
plants containing these compounds have a beneficial or no result.

that do not reflect what happens clinically.

6. The hormonal and general milieu of the human body affect the activity of phytoestrogens, and thus in vitro models produce results

ERp, estrogen receptor beta.
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Constituent

or metabolite Antineoplastic effect

Table 2. Select Non-Estrogenic Antineoplastic Effects of Phytoestrogenic Isoflavones

Reference

Genistein Polo-like kinase 1 inhibitor Shin et al. 2016°
Epidermal growth factor receptor inhibitor Yan et al. 2010°
Inhibition of cancer stem cells Sekar et al. 2016¢
Induces apoptosis involving phosphorylation of 226 proteins Fang et al. 2016
Downregulates pro-cancer microRNA miR-155 de la Parra et al. 2016°
Targets multiple signaling pathways crucial to cancer including caspases, Bcl-2, Spagnuolo et al. 2015°
ERK1/2, NF-kB, MAPK, Wnt, and PI3K/Akt
Induces BRCA2 tumor suppressor Vissac-Sabatier et al. 2003°
Daidzein HER2/neu (erbB-2) suppression Choi and Kim 2013"
Induces apoptosis via Bcl-2 downregulation and caspase upregulation Park et al. 2013’ K
Anticancer epigenetic effects involving DNA methylation, histone modification, Rietjens et al. 2013’
and microRNA expression
Downregulates fibroblast growth factor receptor 3 He et al. 2016
Equol p53 induction Choi and Kim 2011'

Induces apoptosis by inducing ERK1/2

Yang et al. 2016™

Induces cell cycle arrest and apoptosis via modulation of Akt pathway

Yang et al. 2015"

Nov 9 [Epub ahead of print].

carcinogenesis. Biofactors 2016 Jun 3 [Epub ahead of print].
cancer cells. Int J Oncol 2016;48:1016-1028.

Cancer 2016;68:154-164.

Shin SB, Woo SU, Chin YW, et al. Sensitivity of TP53-mutated cancer cells to the phytoestrogen genistein is associated with direct inhibition of Plk1 activity. J Cell Physiol 2016

byan GR, Xiao CL, He GW, et al. Global phosphoproteomic effects of natural tyrosine kinase inhibitor, genistein, on signaling pathways. Proteomics 2010;10:976-986.
Sekar V, Anandasadagopan SK, Ganapasam S. Genistein regulates tumor microenvironment and exhibits anticancer effect in dimethyl hydrazine-induced experimental colon

9Fang Y, Zhang Q, Wang X, et al. Quantitative phosphoproteomics reveals genistein as a modulator of cell cycle and DNA damage response pathways in triple-negative breast
ede la Parra C, Castillo-Pichardo L, Cruz-Collazo A, et al. Soy isoflavone genistein-mediated downregulation of miR-155 contributes to the anticancer effects of genistein. Nutr

fSpagnuolo C, Russo GL, Orhan IE, et al. Genistein and cancer: Current status, challenges, and future directions. Adv Nutr 2015;6:408-419.

9yissac-Sabatier C, Bignon YJ, Bernard-Gallon DJ. Effects of the phytoestrogens genistein and daidzein on BRCA2 tumor suppressor gene expression in breast cell lines. Nutr
Cancer 2003;45:247-255.

"Choi EJ, Kim GH. Antiproliferative activity of daidzein and genistein may be related to ERx/c-erbB-2 expression in human breast cancer cells. Mol Med Rep 2013;7:781-784.
iPark HJ, Jeon YK, You DH, Nam MJ. Daidzein causes cytochrome c-mediated apoptosis via the Bcl-2 family in human hepatic cancer cells. Food Chem Toxicol 2013;60:542-549.
IRietjens IM, Sotoca AM, Vervoort J, Louisse J. Mechanisms underlying the dualistic mode of action of major soy isoflavones in relation to cell proliferation and cancer risks. Mol

Nutr Food Res 2013;57:100-113.

| 2016;39:742-749.

| "Yang ZP, Zhao Y, Huang F, et al. Equol inhibits proliferation of human gastric carcinoma cells via modulating Akt pathway. World J Gastroenterol 2015;21:10385-10399.

KHe Y, Wu X, Cao Y, et al. Daidzein exerts anti-tumor activity against bladder cancer cells via inhibition of FGFR3 pathway. Neoplasma. 2016;63:523-531.
IChoi EJ, Kim GH. Anticancer mechanism of equol in 7,12-dimethylbenz(a)anthracene-treated animals. Int J Oncol 2011;39:747-754.
™Yang Z, Zhao Y, Yao Y, et al. Equol induces mitochondria-dependent apoptosis in human gastric cancer cells via the sustained activation of ERK1/2 pathway. Mol Cells

estrogen-sensitive cancers such as that of the breast and pros-
tate. A meta-analysis of studies in Korea found a higher intake
of soy foods correlated to a significantly lower risk of devel-
oping breast cancer.”® Similar findings were reported in an-
other meta-analysis of studies looking at Chinese women.?®
Caution is warranted though, as one meta-analysis in Chinese
women found that only case-control studies support a protec-
tive role for soy foods against breast cancer, while more
powerful cohort studies do not; other meta-analyses have not
found this difference though.”’28 Protection is much more
marginal in studies in Western populations, though this may
simply reflect the vastly lower intake of phytoestrogen-rich
foods.?? Similar results in another meta-analysis suggest there
is a clear difference between Asian and Western women when
it comes to soy foods and breast cancer risk, and likely this is a

combination of low intake of such foods in the West and a
correspondingly low level of equol formation.*® This meta-
analysis also reported a reduced risk of breast cancer recur-
rence in Asian women with high soy diets prior to and after
diagnosis with breast cancer. Asian women with high soy in-
take have about a 20% reduction in breast cancer risk overall
based on many epidemiologic studies. Though more limited,
epidemiologic research overall suggests higher levels of soy
consumption helps to prevent endometrial, cervical, and
ovarian cancers.”'

Similarly, numerous epidemiologic studies have found a pro-
tective effect against prostate cancer from high dietary ingestion
of phytoestrogen-rich foods, particularly legumes and soy foods.
A meta-analysis of 29 studies found that higher intake of such
foods reduced risk of developing prostate cancer for men of Asian
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and European but not African descent.*? Other meta-analyses
concur with these findings, and particularly note that tofu is
protective, and that men of Asian descent benefit the most.>* A
meta-analysis of two randomized trials of supplementing soy
isoflavones or soy foods found that they reduced risk of prostate
cancer in men at risk of developing the disease.>” A meta-analysis
of 23 epidemiologic studies involving >150,000 men found that
higher serum levels of daidzein, genistein, and the isoflavone
glycitein were protective against prostate cancer, but total iso-
flavones or equol, total lignans, secoisolariciresinol, and other
specific lignan phyeostrogens were not.>® However, it is not clear
that the populations studied ate very high levels of some of these
compounds, and so the highest levels of intake still led to sub-
therapeutic concentrations of the compounds and/or their me-
tabolites to have clinical effects.

There is ample evidence that soy intake also correlates with
less severe breast cancer when it does happen. Low intake of
legume isoflavones was associated with a signficant increase in
risk of developing ER-negative (more severe) breast cancer than
ER-positive in a case-control study of 124 premenopausal breast
cancer patients.®” A similar benefit was seen in the California
Teachers Study, a large cohort trial (n = 91,779).*® Results from
the Shanghai Women’s Health Study from 1996 to 2000 confirm
that high soy intake was associated with lower rates of ER-
negative breast cancer, though this effect was only found in
premenopausal patients, while ER-positive breast cancer was
less common in postmenopausal patients.** A study in
Guangdong province, China, found that higher soy intake
reduced incidence of all types of breast cancer, regardless of
ER status.*” Long-term soy consumption by women with
triple-negative breast cancer revealed that their tumors had
significantly higher levels of tumor suppressors and lower
levels of oncogene expression, associated with less severe
disease.*' A small sample suggested soy did not increase
overall recurrence of breast cancer, but did increase recur-
rence in HER2-positive patients.*> However, this analysis
was based on just 25 cases, calling its conclusions into doubt.

There is much less research on other phytoestrogen-rich
herbs or foods for preventing cancer. However, the Ontario
Women’s Diet and Health Study compared 2999 Canadian
women with breast cancer and 3370 matched health controls,
and higher flax seed or flax bread consumption was found to be
significantly associated with reduced risk of breast cancer.*
High enterolactone and equol production were protective
against breast cancer in an Australian case-control study.*
Two case-control studies (one American and one German)
found that higher serum enterolactone and enterodiol levels, as
markers of dietary lignan intake, were protective against breast
cancer risk, though this was mostly only seen in women with
CYP17 TC or CC genotypes.*>*® CYP17 codes the enzyme
that is the rate-limiting step for estradiol synthesis; these ge-
notypes have previously been associated with a weak increase
in breast cancer risk in some research. However, a review of
four case-control and seven prospective epidemiologic studies
found no evidence that serum enterolactone levels are pro-
tective against prostate cancer.*’
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Results of Clinical Trials

It is well-known that clinical trials are the most definitive
way to prove if something is effective or harmful in humans.
If phytoestrogens were harmful in patients with estrogen-
sensitive cancers, then the ultimate proof of this would come
from clinical trials. Multiple clinical trials have been con-
ducted in patients with these cancers, and they uniformly either
show a benefit or sometimes no effect, but hardly a wave of
dangerous outcomes. This is ultimately the final proof that
regardless of any preclinical research, phytoestrogens and the
plants they come from are not only safe, but also helpful in
patients with estrogen-sensitive cancers.

A pilot clinical trial has investigated the effects of 200 mg of
isoflavone supplements from soy in 17 American womes recently
diagnosed with invasive breast cancer.*® A group of 26 historical
controls matched based on multiple clinical features was used for
comparison. After 2 weeks, the 17 volunteers underwent lump-
ectomy or mastectomy, and their tumors were examined. There
was no sign of stimulation of the breast tumors, but instead there
was a nonsignificant trend toward higher apoptosis/mitosis ratios
in the treated women compared with historical controls, sug-
gesting an antiproliferative effect for isoflavones.

At least three double-blind, placebo-controlled clinical trials
have investigated the efficacy of isoflavones from soy on re-
ducing hot flashes or other menopausal symptoms in women
with breast cancer. In one, 62 postmenopausal Finnish women
with a history of breast cancer were randomized to take 114 mg
of total isoflavones per day (containing 58% glycitein, 36%
daidzein, and 6% genistein, a rather different mixture than
most studies have used) or placebo for 3 months.*’ None were
taking tamoxifen or raloxifene. There was no difference be-
tween treatments on menopausal symptoms, though equol
formation status was not assessed. There was no evidence of
any promotion of recurrent breast cancer.

Another trial involved 123 postmenopauseal Canadian wo-
men undergoing treatment for breast cancer with exacerbated
hot flashes who were randomized to a soy beverage containing
90 mg of total isoflavones daily or a placebo beverage lacking
isoflavones for 12 weeks.’® Both treatments led to very signif-
icant reductions in hot flashes compared with baseline, but there
was no statistically significant difference between the groups.
Tamoxifen use was relatively low in this cohort as well, so it did
not explain the differences. Again, there was no evidence of any
exacerbation of breast cancer by the soy beverage. There was
high interindividual variability in isoflavone levels in the soy
group, though equol formation was not assessed.

A third trial randomized 177 American women who were
breast cancer survivors with severe hot flashes to 50mg of
isoflavones (40% genistein, 40% daidzein, 20% glycitein) or
placebo three times daily for 9 weeks.’ ! Most of the women
were taking tamoxifen, and some were taking raloxifene. There
was no difference between the groups in hot flash frequency or
severity. There was also no difference in breast cancer recur-
rence or any other sign of activation or aggravation of breast
cancer. It is possible that the doses and duration of all of these




trials have been insufficient to be effective, or that soy iso-
flavones simply are not useful for hot flashes. And again, none of
the trials assessed equol production, which might be a key factor
in efficacy of these products, but very low levels of equol for-
mation in Western populations might explain low efficacy.

These and five other clinical trials using soy isoflavones
have reported no incidence of endometrial hyperplasia, further
supporting that phytoestrogens do not act like estrogens in
postmenopausal women at reasonable doses.”® One study
found that just 4/298 women developed endometrial hyper-
plasia after taking 150 mg of of isoflavones per day for 5 years,
though this was statistically significant compared with place-
bo.> A meta-analysis of 40 randomized trials of soy and Tri-
folium spp. (clover), another source of isoflavones, found no
evidence of causation, stimulation, or aggravation of breast
cancer in any setting.>*

Though flax has been little studied in women with breast
cancer, existing non-randomized trials have only shown evi-
dence that it is beneficial at inhibiting cancer proliferation.>
Observational studies suggest higher flax intake is correlated
with reduced mortality from breast cancer.>® One study found
that the aromatase inhibitor anastrozole, commonly used in
women with breast cancer, interfered with enterolactone for-
mation in women with breast cancer taking flax.>®

A preliminary study in men with prostate cancer found that
300 or 600 mg of genistein and half as much daidzein daily for
up to 84 days caused an increase in breast changes and hot
flashes, with prostate specific antigen (PSA) levels climbing
slightly less quickly when patients were not taking isoflavones,
though the difference was not statistically significant.’” One
open trial administered 100 mg twice daily of an isoflavone to 39
American men with stage 1-3 prostate cancer.’® Total PSA
levels stabilized in 83% of patients with androgen-sensitive
cancer and 35% of those with androgen-independent disease;
the rate of rise of total PSA slowed significantly compared to
baseline for all participants with a median treatment duration of
5.5 months. A meta-analysis of six randomized trials of iso-
flavone supplements in men with active prostate cancer con-
cluded there was no benefit in terms of changes in PSA levels,
but all were of short duration and small sample size.”® There was
clearly no aggravation of prostate cancer found in these trials.

Conclusion

The evidence from human studies is consistent that phy-
toestrogens, be they isoflavones or lignans, and the foods/
herbs they come from do not cause, promote, or aggravate
various estrogen-sensitive cancers, including breast, endome-
trial, ovarian, cervical, and prostate. While more powerful
clinical trials would be ideal to confirm these findings, par-
ticularly on the cancer preventative effects that consistently
show up in epidemiologic studies of high intake of soy foods
and flax, there is no clear reason to avoid reasonable amounts
of these agents. Extrapolating from single properties of com-
plex substances seen in vitro to humans is very rarely reason-
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able. Although isolated phytoestrogens stimulate estrogen-
sensitive cancer cells in some in vitro models, this does not
mean that these findings translate into clinical reality. |
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