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Objective: The purpose of this review is to discuss some critical issues of isoflavones protective against the development of prostate
cancer (PCa).

Data Sources: Data cited in this review were obtained primarily from PubMed and Embase from 1975 to 2015.

Study Selection: Articles were selected with the search terms “isoflavone”, “Phytoestrogen”, “soy”, “genistin”, and “PCa”.

Results: I[soflavones do not play an important role on prostate-specific antigen levels reduction in PCa patients or healthy men. The effect
of isoflavones on sex hormone levels and PCa risk may be determined by equol converting bacteria in the intestine, specific polymorphic
variation and concentrations of isoflavones. The intake of various types of phytoestrogens with lower concentrations in the daily diet may
produce synergistic effects against PCa. Moreover, prostate tissue may concentrate isoflavones to potentially anti-carcinogenic levels. In
addition, it is noteworthy that isoflavones may act as an agonist in PCa.

Conclusions: Isoflavones play a protective role against the development of PCa. However, careful consideration should be given when
isoflavones are used in the prevention and treatment of PCa.
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INTRODUCTION estrogenic effects. The major isoflavones include genistin,
daidzin, glycitin, equol, and biochanin A and, in particular,
genistein is the most widely investigated isoflavon [Figure
1]. Isoflavones are highly concentrated in soy products such
as beans and tofu.'">"1 A food frequency questionnaire used
in the Japan Collaborative Cohort Study (JACC Study) for
the evaluation of cancer risk sponsored by the Ministry of
Education, Science, Sports and Culture of Japan (Monbusho)
in 2005 showed that serum levels of genistein and daidzein
are significantly associated with the dietary intake of tofu,
and slightly associated with the intake of miso soup while
the consumption of fat, meat, and coffee may be associated

Prostate cancer (PCa) is the second most common neoplasia
in men worldwide, and the sixth cause of cancer-specific
death worldwide. In the last 20 years, there has been a
progressive increase in the global incidence of this disease.!
In Asian countries, the incidence and mortality of PCa are
low and are reported to be about 1/8 of that in Western
countries.”) However, some epidemiological investigations
suggest the incidence of PCa in Asian men who migrant
to the USA rapidly approaches that in western men within
two generations.# Interestingly, Asian-American men
retaining at least one genetic or lifestyle characteristic of
Asian residents make their risk of PCa less than that of white
residents of the USA.F Recent studies have reported that Address for correspondence: Prof. Zi-Ming Wang,
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Figure 1: The molecular structure of isoflavones.

with equol production from genistein and daidzein by
intestinal microflora in this sample set.['?) There are regional
differences in global isoflavones intake. The average daily
intake of genistein in the oriental population is 20-80 mg/d
compared with 1-3 mg/d in the USA.I'"¥! In addition, soy
consumption is different across Europe. The mean serum
genistein levels of 148 nmol/L in a region with many
vegetarians are much higher than mean levels of 2.6-22.6
nmol/L in a region with fewer vegetarians lived.'" This
may provide some clues for the regional difference of PCa
incidence.

PCa is a hormone-dependent malignancy that develops
from an androgen-dependent tissue that contains androgen
receptors (ARs). Androgens are thought to be involved in
the prostatic carcinogenesis and progression.!'s! Further
in vitro and in vivo studies have demonstrated that estrogens
may be implicated as potential agents in the development
and progression of PCa. This was supported by current
epidemiological evidence showing that the higher incidence
of PCa among African-American men is partly due to in
utero exposure to maternal estrogens since African-American
women have higher circulating estrogen concentrations
during pregnancy than Caucasian women.!'*!”! In addition,
estradiol and sex hormone binding globulin (SHBG) have
been found to be higher in African-American men.!82%
Moreover, the correlation of increasing estrogen levels with
the high incidence of PCa was observed in African-American
men.2! Estrogen may contribute to PCa through multiple
mechanisms involving estrogen receptor (ER)-mediated
actions, estrogenic imprinting, epigenetic modifications,

direct genotoxicity, hyperprolactinemia, and inflammation
and immunologic changes.!!>?

A growing body of epidemiological studies has revealed
that the incidence of PCa is reduced in population
with food rich in isoflavones.?*?* Many studies have
demonstrated that isoflavones exert hormone-like effects®
and nonhormone-like effects involving inhibiting tyrosine
kinases,® modulation of cell proliferation, regulation of cell
cycle, apoptosis, angiogenesis, and tumor cell metastasis,?”
and our recent study found isoflavones induced autophagy
cell death by up-regulation of ULK1 level, especially
increasing evidence has indicated that isoflavones may
be protective against the development of PCa. The main
mechanisms involve binding competitively ER-ot and
ER-f, regulation of sex steroid hormonal synthesis and
secretion,?*3!! down-regulation of AR gene expression, and
inhibition of prostate-specific antigen (PSA) secretion.
These possible mechanisms include antioxidant defense,
DNA repair, inhibition of angiogenesis and metastasis,
potentiation of radio- and chemo-therapeutic agents, and
antagonism of estrogen- and androgen-mediated signaling
pathways. In addition, other cells in the cancer milieu,
such as the fibroblastic stromal cells, endothelial cells, and
immune cells, may be targeted by soy isoflavones, which
may contribute to soy-mediated PCa prevention.>*

Many randomized controlled trials (RCTs) about the role of
isoflavones in men with PCa have been developed; however,
these results are inconsistent. In this study, we review
some critical issues involving the effects of isoflavones
on PSA, sex steroid hormone levels and risk of PCa, and
the difference in concentrations of isoflavones in vitro
and human body. Whether isoflavones can lead to PCa
progression is also discussed.

Errects oF Soy IsorLavons on ProsTATE CANCER

Effects of soy isoflavons on prostate-specific antigen
levels

Current results of clinical studies did not show soy isoflavones
produce significant effects on PSA levels. Messina et al.34
analyzed the results of 11 trials for examining the effects
of isoflavones on serum PSA levels in PCa patients and
healthy subjects. In 4 of 8 trials involving PCa patients,
a delayed PSA progression was observed although, in no
studies, there was an absolute decrease in PSA levels. In
contrast, isoflavones did not affect serum PSA in healthy
men. Another meta-analysis from eight RCTs whose subjects
include PCa patients and men with clinically identified risk of
PCa suggested soy isoflavones produced no effects on PSA
levels. In a randomized, double-blind, placebo-controlled
trial, 86 men with PCa were randomized to treatment with
isoflavones or placebo for up to 6 weeks before scheduled
prostatectomy. The results showed changes in serum PSA
in the isoflavone-treated group compared to men receiving
placebo were not statistically significant.*® Similarly,
no PSA levels reduction was observed when a 12-month
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83 mg/d isoflavone treatment was administered in 112
healthy men aged 50-80 years.*”! The relationship between
serum PSA level and urine phytoestrogen concentration
was further analyzed in 824 men of over 40 years old
without PCa. The results showed that urinary isoflavones
concentrations are not associated with serum PSA levels.B®
It seems that isoflavons may not play an important role on
PSA levels reduction in PCa patients or men with clinically
identified risk of PCa or healthy men.

Effects of soy isoflavons on sex hormone levels

Some in vitro and in vivo studies demonstrated that
isoflavones might increase estrogen synthesis through
inducing aromatase activity™’ and decreased the secretion
of androgens.[ ! Similarly, some clinical studies have
demonstrated that isoflavons can affect sex hormone
excretion in men. Soy protein isolates have been found to
increase urinary estradiol (E2) excretion and 2-hydroxy
estrogens to 16a-hydroxyestrone (2:16 OH-E1) ratio in
men at high risk of progressing to advanced PCa. Lower
excretion of urinary E2 and lower ratio of 2:16 OH-E1 have
been reported in PCa cases compared to controls.[* Another
study found that serum estradiol and androstenedione
concentrations are increased, and AR expression is
suppressed after soy protein isolate supplementation in
men at high risk for developing advanced PCa.*? When
healthy men aged 30-59 years are administered 60 mg of
soy isoflavones for 3 months, serum free testosterone and
dihydrotestosterone levels are decreased whereas SHBG
levels are increased. However, no changes in the serum
levels of estradiol and total testosterone are detected./*! By
contrary, there are some other studies suggesting isoflavones
may not produce an effect on sex hormone level.
A meta-analysis from Hamilton-Reeves et a/.* found soy
protein or isoflavone intake produced no significant effect
on testosterone, free testosterone levels, SHBG, and free
androgen index (FAI) in adult men. The result is consistent
with another meta-analysis from van Die et al. who found
no significant changes in SHBG, testosterone, and free
testosterone levels after isoflavone supplementation in
men with PCa or with clinically identified risk of PCa.l*!
In a randomized, double-blind, placebo-controlled trial,
86 men were randomized to treatment with isoflavones or
placebo for up to 6 weeks before scheduled prostatectomy.
The results showed that changes in serum total testosterone,
free testosterone, total estrogen, and estradiol in the
isoflavone-treated group compared to men receiving placebo
were not statistically significant.

Effects of soy isoflavons on risk of prostate cancer

Most of the current studies support the opinion that PCa risk
is decreased by isoflavons. One meta-analysis including
men with identified risk of PCa has suggested soy/soy
isoflavones supplementation significantly reduce incidence
of PCa of men with clinically identified risk.*s! The
other meta-analyses of 15 epidemiological publications
on soy consumption and nine on isoflavones found that

soy/isoflavones can significantly delay progression to
PCa. Moreover, the subjects were not restricted to men
with PCa or identified risk of developing PCa.l’! One
case—control study nested in a community-based cohort in
Japan (JACC Study) demonstrated that serum genistein,
daidzein, and equol dose-dependent reduce PCa risk.
The other case—control study nested in the European
Prospective Investigation into Cancer and Nutrition also
reported that higher plasma concentrations of genistein
were associated with lower risk of PCa; however, the
relation between plasma concentrations of daidzein,
equol, enterolactone or enterodiol, and PCa risk was not
observed.[ 9 In addition, the result from a population-based
case—control study on diet, inherited susceptibility, and
PCa supported the opinions that soy foods protected
against PCa in older Scottish men."” Sugiyama et al.*]
reviewed some epidemiological studies on association
of isoflavones with PCa risk. They found a significant
association of isoflavones with a decreased risk of PCa,
and equol-producing intestinal flora carry a significantly
reduced risk of PCa.

On contrary, there are still some other studies suggested
that isoflavones may not reduce PCa risk. In a case—control
study nested in the European Prospective Investigation into
Cancer and Nutrition, concentrations of the genistein were
measured in prediagnostic plasma samples for 1605 PCa
cases and 1697 matched control participants in European.
The results showed that plasma genistein concentration
was not associated with PCa risk."*”! Ganry analyzed
epidemiological data to evaluate the effect of isoflavones on
PCarisk and found no statistically significant risk reductions
of PCa by isoflavones.P”

Some factors may determine the effects of isoflavones on
PCa. First, it is hypothesized that isoflavones, particularly
equol, are key factors in the difference in incidence rate
between Asia and the West. Therefore, it is suggested
that having or not having equol converting bacteria in the
intestine can determine the function of isoflavones on PCa.5"
Second, specific polymorphic variation in the ER-f gene
may determine the functions of phytoestrogens. A previous
study showed that high intake of phytoestrogens substantially
reduces PCa risk among men with specific polymorphic
variation in the promoter region of the ER-3 gene. However,
no association between phytoestrogens and PCa risk among
carriers homozygous for the wild-type allele (TT) was
found.’? Third, polymorphisms in the CYP19 gene may
affect the positive correlations between phytoestrogen levels
and sex hormone levels in men. Both urinary and serum
equol are associated with plasma testosterone and FAI
among men with the TT genotype but not in men with the
CC or CT genotypes for the CYP19 3’-untranslated region
T-C polymorphism while urinary and serum enterolactone
showed similar genotype-dependent associations with
testosterone but not with FALFY The combination of the
TTTA long repeats and the minor alleles of rs10046 in
CYP19AT1 and rs2077647 in estrogen receptor (ESR)-alpha
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was a high risk for PCa despite isoflavones intakes. The
combination of the TTTA short repeat and those homozygous
for the major allele of rs10046 in CYP19A1 was low risk
when isoflavones given.’ In addition, the concentrations of
isoflavones in serum and prostate tissue may be associated
with the protective effect of PCa. Jackson et al.5% reported
that only >5 ng/ml to 10 ng/ml plasma S-equol is associated
with the reduced risk of PCa.

Although most of organ systems in the fetus and neonate are
highly sensitive to phytoestrogens for organogenesis, rapid
growth, and extensive tissue differentiation occurring during
these developmental periods, the sensitivity persists until
adolescence in reproductive organ systems which continue
to develop after birth.’% Therefore, low-dose intakes of
phytoestrogens during these developmental periods may have
important protective consequences for carcinogenesis.”%
However, current clinical trials are short-term intervention
studies in adult males, and the study duration is always <1 year.
Therefore, long-term studies in males beginning from the
developmental periods such as fetus, neonate, and adolescence
may be necessary to determine the effects of phytoestrogens
on PCa. In addition, progression from prostatic intraepithelial
neoplasia to high-grade prostatic intraepithelial neoplasia and
early latent cancer may take 10 or more years, and clinically
significant carcinoma may not occur for another 3—15 years.[>!
As most studies are of short duration, therefore, clinical trials
with long duration are necessary to confirm the effects of
phytoestrogens on PCa.

DirFrereNCE IN CONCENTRATIONS OF ISOFLAVONES /v

viTro AND Human Bopy

Although a growing body of evidence has indicated that
isoflavones may delay PCa progression, only a few studies
have emphasized on the relationship between isoflavones
concentration in vitro and the serum of the human body.
Isoflavone concentrations of 10 wmol/L or even as high as
50 wmol/L to 100 umol/L in vitro studies have never been
achieved in the human body with common diet.[*“%? A phase
I study provided 20 PCa patients with 300 mg/d genistein for
28 days and then with 600 mg/d for another 56 days. The peak
plasma total genistein concentrations during the study were
7.3+ 0.8 umol/L on day I and 8.1 = 1.2 umol/L on day 84 of
treatment. Only one subject had a total genistein concentration
of 27.1 umol/L."3 The intake doses used in this study cannot
be achieved in humans by natural dietary sources. The mean
intake of genistein in Asian countries is only about 50—-100 mg
daily.*! Although effective serum concentrations cannot be
achieved by natural diet, prostate tissue may concentrate
isoflavones to potentially anti-carcinogenic levels. Short-term
soy isoflavones supplementation may lead to significant
elevation of intraprostatic isoflavones concentration compared
to serum. One placebo-controlled study provided 40 PCa men
with 240 mg of clover phytoestrogens or placebo daily for
2 weeks before their operation, and oral supplementation with
phytoestrogens induced 23- and 7-fold increase in prostate

tissue concentrations of genistein and daidzein, respectively.
Genistein and daidzein concentrations of prostate tissue
were over 2-fold higher than their plasma. Even though
the placebo group did not receive phytoestrogen challenge,
they also demonstrated 2-fold prostate tissue genistein and
daidzein concentrations compared to their plasma values.[*
The other study had similar results. Nineteen men with PCa
received either 82 mg/d total isoflavone or placebo for
2 weeks before surgery, the results showed that isoflavone
concentrations in isoflavones supplement group were an
average of approximately 6-fold higher in prostate tissue
compared to serum.[

ComsinaTioN EFFecTS OF Soy ISOFLAVONS AND

OTHER TYPES OF PHYTOESTROGENS

The intake of various types of phytoestrogens in the daily
diet of men may produce synergistic effects. Kumar et al.
observed the combination effects of genistein, biochanin A,
and quercetin on PCa cell lines in vitro. The results showed
that the combination of three phytoestrogens with low
concentration (8.33 wmol/L of each) is more potent in
inhibiting the growth of prostate cells than either alone
(25 umol/L) or double combinations (12.5 umol/L of
each). The study suggests that the effects are synergistic
in low concentrations of various phytoestrogens, and the
combination of various phytoestrogens may elicit preventive
effects against PCa at their physiologically achievable
concentrations.P” Dong et al.5¥ observed that combination
of 25 wmol/L or 50 wmol/L of genistein and daidzein has
synergistic effects on inhibiting cell proliferation and
inducing apoptosis in androgen-dependent PCa cells. A
in vitro study demonstrated that soy extracts containing total
isoflavones induced a significantly higher percentage of cells
undergoing apopotosis than genistein or daidzein alone at
equal concentrations of 25 umol/L.1"!

However, a phase 1 clinical trial investigated the efficacy of soy
isoflavones alone or in combination with lycopene in men with
PCa. The results showed that no additive or synergistic effects
were observed when two phytochemicals were administered
together.®® As the intake doses of phytoestrogens in
Asian men with dairy food are lower compared with that
in clinical trials, various types of phytoestrogens may
produce synergistic effects on the human body for decades.
Therefore, more long-term invention studies will be necessary
to determine the suitable dose and combination strategy of
various types of phytoestrogens against PCa. In addition,
for less side effects are observed in dietotherapy, instead of
medication, dietotherapy of suitable dose phytoestrogens may
be beneficial for PCa prevention in men.

Sov IsorLavons May Leap To PROGRESSION OF
ProsTaTE CANCER

Although many in vitro and in vivo studies as well as
clinical trials have demonstrated that isoflavones can
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significantly delay PCa progression, a few studies suggested
that isoflavones may act as an agonist in PCa. One recent
study showed daidzein can exert androgenic effects by
modulating AR coactivators in PCa cells.[®”) Some animal
experiments further confirmed the opinion that isoflavones
may lead to the progression of PCa. A study reported
that genistein treatment alone increased the incidence of
lymph nodes metastasis in mice orthotopic xenografts of
PCa cells.™ Another study found that physiologically
achievable concentrations of genistein can increase PCa
growth in the transgenic adenocarcinoma mouse prostate
model. The mechanisms were associated with activated
signal transducers, activation of transcription 3 (STAT3),
enhanced telomerase activity, and increased STAT3 binding
to the telomerase reverse transcriptase promoter.’! In
orchidectomized middle-aged rats, genistein can cause the
shunting of metabolic pathways in the adrenals, supporting
dehydroepiandrosterone (DHEA) secretion and inhibiting
corticosterone and aldosterone secretion.[’”

The function of isoflavones on PCa may be biphasic.
Concentration differences may contribute to the agonistic/
antagonistic responses. Davis et al. observed low
concentrations of genistein enhanced 17f-estradiol-mediated
PSA expression whereas high concentrations of genistein
inhibited estrogen-mediated PSA expression in PCa cells.[”
A similar result from Mahmoud et al. showed that genistein
induced a biphasic effects in PCa cells with AR mutation.
They found that physiological dose (0.5-5.0 umol/L) of
genistein stimulated cell growth, increased AR expression,
and transcriptional activity whereas higher doses induced
inhibitory effects.”¥ Sex hormone levels might also determine
the function of isoflavones. Pihlajamaa et al. observed that
genistein is anti-androgenic in the testis, prostate, and brain,
and it attenuates reporter gene activity in intact male mice.
By contrast, in castrated male mice, genistein exhibits
significant androgen agonistic activity in the prostate and
brain by increasing reporter gene activity in both tissues.[’
In addition, isoflavones are considered endocrine disrupting
compounds with weak estrogen activities. Infant exposure
to these substances may lead to carcinogenesis and several
anomalies of the reproductive systems./’" Therefore, careful
consideration should be given when phytoestrogens are used
in the prevention and treatment of PCa.

CoNCLUSIONS

Most of the clinical trials suggest isoflavones do not play an
important role on PSA levels reduction in PCa patients or
healthy men. The effect of isoflavones on sex hormone levels
and PCa risk may be determined by some factors involving
having or not having equol converting bacteria in the intestine,
specific polymorphic variation in the region of the associated
gene, the concentrations of isoflavones. As most studies are
of short duration in adult males, therefore, long-term studies
in males beginning from the developmental periods such as
fetus, neonate, and adolescence may be necessary to determine
the effects of phytoestrogens on PCa. The concentrations of

isoflavones in vitro studies have never been achieved in the
serum of human body of common diet. However, prostate tissue
may concentrate isoflavones to potentially anti-carcinogenic
levels. Moreover, the intake of various types of phytoestrogens
with lower concentrations in the daily diet may produce
synergistic effects against PCa. It is noteworthy that isoflavones
may act as an agonist in PCa and lead to several anomalies of
the reproductive systems for infant exposure. Therefore, careful
consideration should be given when isoflavones are used in
the prevention and treatment of PCa.
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