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Abstract

warranted.

In the United States women have a 1 in 8 lifetime risk for developing breast cancer leading women to turn to
natural products for breast cancer prevention. One natural product women have turned to for breast cancer
prevention is soy which has been extensively studied for its health benefits. Soy has been classified as a
phytoestrogen and as such has been studied as a chemopreventive agent in breast cancer. Results from preclinical
and epidemiological studies involving soy have been contradictory. In part, the contradictory results may stem from
study design and dietary sources of soy studied. In the US exposure to soy is primarily unfermented soy, but most
epidemiological studies reporting breast cancer chemopreventive effects of soy involve fermented soy exposure.
Thus, a direct comparison of the effects of unfermented and fermented soy on breast cancer in Western women is
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Introduction

Two major bioactive components of soybeans are genistein and
daidzein and are structurally classified as isoflavones, a subclass of
polyphenols characterized as having two or more ring structures [1].
Soybeans have become the second largest crop in cash sales and the
number one export crop in the United States, after corn, and the
United States (US) produces 40% of all soybean crops worldwide [2].
As corn prices and profits continue to decline in 2015 it is anticipated
that US farmers will plant a record number of soybeans to offset the
decline in corn profits. To understand the potential impact increased
soybean crops have on our food supply and human health we must
discuss current processing and uses of soybean crops in the US.

The majority of soybean crops are processed into oil and meal.
Soybean oil is a major component of shortening, margarine, cooking
oil, and salad dressings, accounting for up to 80 percent or more of the
edible fats and oils consumed in the United States [3,4]. Soybean meal,
a rich source of protein, is processed into soybean flour used in human
food and animal feed [5]. The use of soy-based proteins for human
consumption continues to grow in the US, as soy protein is currently
used in baby formulas, cereals, bread, and various sport and weight-
loss products. Isoflavones are usually present in the form of glycosides
in soybeans and unfermented soy foods, whereas in fermented soy
isoflavone aglycones are enriched and have a faster absorption rate [6]
which may partially explain differences in the reported health benefits
of isoflavones in the literature [7].

With the recent surge of unfermented soy in the US food chain, it is
important to note that soy isoflavones are major food-derived
phytoestrogens that are structurally similar to estrogen with the
capacity to weakly bind to estrogen receptors (ERs) [8]. Approximately
1 in 8 (12%) women in the US will develop invasive breast cancer
during their lifetime [9]. As such, the putative estrogenic effect of soy
raises the concern that high consumption of soy foods by breast cancer

patients and/or women at high risk for breast cancer may increase
estrogen-dependent breast tumor growth [10]. The peer reviewed
epidemiological literature reports conflicting results regarding soy
consumption and breast cancer prevention in preclinical and
epidemiological studies. Confounding the ability to determine the
effects of dietary soy isoflavones on breast cancer is, in part, because
epidemiological studies from Asia compare the effects of fermented soy
and in Western countries unfermented soy is the primary exposure.
Further, in preclinical studies researchers often use purified
components of soy, such as genistein and daidzein, not mixtures of
genistein and daidzein in ratios often found in normal dietary sources
of soy exposure, further complicating interpretation of soy effects on
breast cancer proliferation.

Nagata et al. [11] reviewed the epidemiological studies on soy intake
and breast cancer in Japanese women. The authors noted
two studies observed that fermented soy intake was associated with a
risk reduction of breast cancer in postmenopausal women. Among the
case-control studies reviewed, the authors reported a weak inverse
association between fermented soy intake and the risk of breast cancer.
Authors concluded there is some evidence that supporting a protective
effect of isoflavones on breast cancer risk in Japanese women
consuming fermented soy. Recently, Chen et al. [12] performed
a meta-analysis of 35 epidemiological studies which reported results of
association between soy intake and breast cancer risk for pre- and/or
post-menopausal women, and further explored the soy and breast
cancer association focusing on Study County and design. Authors
concluded that soy isoflavone intake may lower the risk of breast
cancer for both pre and post-menopausal women in Asian countries
[12], but no such conclusions could be make for women in Western
countries.

In 2014, Shike et al. examined the effects of soy supplementation on
gene expression in breast cancer involving 140 women with early-stage
invasive breast adenocarcinoma in a randomized placebo-controlled
study [13]. Adherence to soy consumption protocol was determined by
HPLC analysis of plasma samples before and after treatment for all
participants. The soy treatment group had a seven-fold increase in
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plasma genistein and a four-fold increase in plasma daidzein from
daily soy protein powder (51.6 mg/day) supplementation. Study
participant demographics and clinicopathological characteristics
including age, race, menopausal status, cancer stage, tumor estrogen
receptor (ER) status, HER2 status (by IHC and FISH) showed no
differences between placebo and soy treatment groups. Further, there
were no statistically significant differences in participants’ baseline
weight, BMI, or alcohol ingestion between groups. The study
concluded that short term soy protein supplementation resulted in
overexpression of genes, in a subset of women with breast cancer,
driving cell cycle and proliferation pathways. This is one of the first
studies raising the concern that unfermented soy supplementation may
adversely affect some women with breast cancer and warrants further
investigation [13]. This is of great importance in light that the quality
assurance issues have been identified in protein-containing dietary
supplements which up to 40% of adults use or have used in the US
[14]. This study leaves the scientific community to ponder if the study
was repeated using fermented soy, would the outcome have been the
same?

It is well document that breast cancer metastasizes to bone, brain,
liver, and lung [15]. The role of dietary soy in the metastasis of breast
cancer is not well studied. Yang et al. [16] examined the effects of
genistein, daidzein, (-)-equol or a mixture of soy isoflavones on breast
cancer with bone micro-metastasis using murine mammary cancer
4T1 cells engineered with a reporter and in a mouse model for breast
cancer with bone micro-metastasis and demonstrated that soy
isoflavones stimulate breast cancer with bone micro-metastasis in
mice. This study highlights the need for further investigation of the
effects of unfermented soy supplementation in women.

As dietary exposure to unfermented soy continues to increase in the
US it is important to correctly analyze the benefits and risks associated
with unfermented soy exposure. Much how the US federal funding
agencies have recently required funding applicants to report inclusion
of male and female cells and animals in preclinical studies in all
funding applications [17], to help clarify sex differences in scientific
studies, inclusion of both fermented and unfermented soy in scientific
studies examining the risks and benefits of dietary sources of soy
exposure in breast cancer is warranted.
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