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The estrogenic soy isoflavone, genistein, stimulates growth
of estrogen-dependent human breast cancer (MCF-7) cells
in vivo. Genistin is the glycoside form of genistein and the
predominant form found in plants. It is generally believed
that genistin is metabolized to the aglycone genistein in the
lower gut. However, it is unclear if the rate of metabolism
of genistin to genistein is sufficient to produce a level of
genistein capable of stimulating estrogen-dependent breast
cancer cell growth. Our hypothesis was that dietary genistin
would stimulate tumor growth similar to that observed
with genistein in athymic mice. To test this hypothesis,
genistin or genistein was fed to athymic mice containing
xenografted estrogen-dependent breast tumors (MCF-7).
Mice were fed either genistein at 750 p.p.m. (parts per
milllion) or genistin at 1200 p.p.m., which provides equal
molar concentrations of aglycone equivalents in both diets.
Tumor size was measured weekly for 11 weeks. At comple-
tion of the study, half of the animals per treatment group
were killed and tumors collected for evaluation of cellular
proliferation and estrogen-responsive pS2 gene expression.
Incorporation of bromo-deoxyuridine into cellular DNA
was utilized as an indicator of cellular proliferation. Dietary
genistin resulted in increased tumor growth, pS2 expression
and cellular proliferation similar to that observed with
genistein. The remaining mice were switched to diets free
of genistin and genistein. When mice were placed on
isoflavone free diets, tumors regressed over a span of 9
weeks. Next, we examined how effectively and where
metabolism of genistin to genistein occurred in the digestive
tract. We present evidence that demonstrates conversion
of genistin to its aglycone form genistein begins in the
mouth and then continues in the small intestine. Both
human saliva and the intestinal cell-free extract from mice
converted genistin to genistein. In summary, the glycoside
genistin, like the aglycone genistein, can stimulate estrogen-
dependent breast cancer cell growth in vivo. Removal of
genistin or genistein from the diet caused tumors to regress.

Introduction

Isoflavones are a group of compounds derived from plant
sources such as soy and other legumes that are being consumed
in the diet for beneficial effects related to health. Genistein is
the most studied of the isoflavones and has been shown to

Abbreviations: BrdU, 5-bromo-2�-deoxyuridine; E2, 17β-estradiol; p.p.m.,
parts per milllion; PBS, phosphate-buffered saline.
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have multiple biological activities including inhibition of
topoisomerase II activity (1,2) and inhibition of tyrosine kinase
activity (3,4) resulting in cancer cell death. However, these
studies have been conducted in vitro and require concentrations
�10 µM before effects are observed. Plasma concentration of
genistein in humans after consuming a meal containing soy is
2–4 µM and most of this is in the glucuronide conjugated
form (5). It is unlikely that the concentrations needed to
achieve the biological effects observed in vitro can be reached
with normal dietary consumption of the isoflavones. On the
contrary, at concentrations as low as 200 nM genistein has
been demonstrated to act as an estrogen agonist and promote
the growth of estrogen-dependent human breast cancer (MCF-
7) cells in vitro. In these cells, an estrogen-responsive gene,
pS2, is upregulated suggesting that the stimulation of cellular
growth is a result of estrogenic activity of genistein (6,7).
Further, the ability of dietary genistein to stimulate the growth
of MCF-7 cells in vivo has been shown when fed to ovari-
ectomized athymic nude mice transplanted with MCF-7 cells.
In this study, ovariectomized mice consuming genistein at the
concentration of 750 p.p.m. in their diet had increased number
and size of the end buds within the mammary gland (7). These
data suggest that genistein has the ability to act as an estrogen
agonist in the mammary gland of mice and can stimulate the
growth of estrogen-dependent breast tumors.

While there has been extensive investigation into the
biological activity of isoflavones, it is important to note that
the predominant form of these compounds in plants as well
as in many of the dietary supplements is as their glycoside
conjugates. The glycoside forms of these molecules consist of
the isoflavone covalently bound to a glucose molecule. Studies
in the 1970s revealed that 99% of the isoflavonoid compounds
in soy are present as their glycosides (8). Genistin is the
glycoside form of genistein. It is generally believed that
genistin is hydrolyzed removing the covalently bound glucose
to form genistein and that genistein is the form of the compound
that is absorbed in the intestine and is the form responsible
for the biological activities of the isoflavone. The conversion
of genistin to the aglycone, genistein is important because the
majority of the isoflavone consumed is in the glycoside form.
It was first demonstrated that the gut microflora played a role
in the conversion of genistin to genistein, when rumen bacteria
were shown to produce β-glucosidases capable of hydrolyzing
dietary glucosides to produce aglycones (9,10). More recently,
it has been demonstrated that enzymes present in the human
small intestine and liver also have the ability to convert genistin
to genistein (11). Thus, the conversion of genistin to genistein
begins prior to the compound reaching the microflora of the
intestine. However, it was observed that men consuming soy
flour in a single serving have measurable plasma concentrations
of genistein within 30 min after ingestion (12). The time
required for a food bolus containing genistin to travel to the
small intestine and for conversion to occur would likely take
longer than the 30 min after which genistein is observed in
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the blood. These data suggest that some conversion and
absorption of the compound must be occurring in the digestive
process prior to the small intestine.

The research presented here was designed to address two
objectives. First, to test the hypothesis that dietary treatment
of genistin in mice would cause stimulation of growth of
human estrogen-dependent breast cancer cells transplanted into
athymic mice in a manner similar to that seen with the aglycone
form, genistein. Second, to investigate the role that human
saliva plays in the conversion of genistin to genistein.

Materials and methods

Effects of consumption of genistein and genistin on the growth of estrogen-
dependent tumors

Animals. Female athymic nude mice were purchased from Harlan Sprague
Dawley (Indianapolis, IN) and delivered at 28 days of age. Mice were
ovariectomized at 21 days of age and allowed 1 week to recover prior to
delivery. A 2 mg 17β-estradiol (E2) pellet was placed under the skin of each
mouse before MCF-7 cells were transplanted into the animal. Cells (1�105

cells/site) were then injected into the four flanks on the back of each animal.
Within the first 4 weeks, tumors that subsequently formed were allowed to
develop to an average cross-sectional area of ~40 mm2. At this point, animals
were randomly assigned to one of four treatment groups (12 animals/group).
The treatment groups were: (i) positive control; (ii) negative control; (iii)
dietary genistein at 750 p.p.m.; and (iv) dietary genistin 1200 p.p.m.. The E2
pellet was removed from the negative control animals and from all of the
mice on the various dietary treatments. The E2 pellet was also removed from
the positive control group, but these animals were again implanted with an
identical E2 pellet. Negative and positive controls were given American
Institute of Nutrition 93 growth diet (AIN 93G) as a control diet. The
remaining animals were put on one of the two treatment diets which were
AIN 93G supplemented with either genistein or genistin at the concentrations
stated above. Tumor area and body weight were measured weekly. At the end
of the study, tumors and plasma samples were collected for analysis.

Diet formulation. AIN 93G semipurified diet was selected as a basal diet for
control animals as it has been established as meeting all of the nutritional
requirements of mice (13). Animals in two treatment groups were fed either
AIN 93G diet plus genistein or AIN 93G plus genistin. Genistein was provided
at the final concentration of 750 p.p.m. as our laboratory has demonstrated in
the past that this level is sufficient for stimulating the growth of MCF-7
tumors in vivo (7). Genistin was then supplemented at a concentration that if
completely hydrolyzed would provide an equal amount of genistein. This
substitution resulted in a final concentration of 1200 p.p.m. genistin. Therefore,
assuming complete conversion, both provided 750 p.p.m. aglycone equivalents.

Estrogen pellet preparation. MCF-7 cells will not produce tumors in
ovariectomized mice unless they are supplemented with estrogen. Therefore,
1 week after delivery, animals were implanted with E2 pellets. Estradiol
pellets were made containing 2 mg of 17β-estradiol mixed with 18 mg of
cholesterol as a carrier. A 20 mg mixture containing E2 and cholesterol was
placed into a pellet mold and pressed into a compact pellet ~4.5 mm in
diameter and ~2.5 mm in depth. Pellets were then placed subcutaneously in
the interscapular region of mice (14).

Tumor implantation. MCF-7 cells were maintained in 100�20 mm polystyrene
tissue culture plates in improved minimal essential medium (IMEM) (Biofluids)
containing 10% fetal bovine serum (FBS), penicillin (100 U/ml) and streptomy-
cin (100 U/ml). Estradiol (1 nM) was added in the media to keep the cell line
estrogen-dependent. Cells were incubated at 37°C in a humidified atmosphere
of 5% CO2. Cells were grown to confluence, collected using trypsin–EDTA,
and counted. Cells were suspended in matrigel matrix (Becton Dickinson)
before being injected (15) at 1�105 cells (in 40 µl) per site into each of the
four flanks of the athymic mice.

Tumors were measured weekly and cross-sectional area was determined
using the formula [length / 2�width / 2�™] (7,14,16). When tumors reached
an average cross-sectional area of 40 mm2, animals were randomly assigned
into treatment groups with each group normalized for tumor number, tumor
size and animal number. E2 pellets were removed from all animals and the
mice were then placed on the treatment diets. Positive control mice were re-
implanted with a fresh pellet containing 2 mg E2. We then resumed measuring
tumor areas weekly as described above.

After 11 weeks, the tumor growth study was terminated because of tumor
size. At this time, half of the animals from the negative control, genistin and
genistein groups were killed and tumors collected for analysis. Animals
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previously given either dietary genistin or genistein were then placed on AIN
93G control (isoflavone free) diet. The remaining negative control animals
were kept on the AIN 93G control diet. We then resumed measuring tumor
areas and body weights weekly.

Tissue/tumor collection. At the completion of the study, mice were killed by
cervical dislocation and tumors were harvested. Tumors from each mouse
were fixed in 10% formalin and embedded for immunohistochemical staining.
Additional tumors from each mouse were immediately frozen by emersion in
liquid nitrogen for RNA isolation and analysis.

Analysis of estrogen-responsive pS2 mRNA

RNA preparation. The mRNA was isolated using procedures routinely used
in our laboratory (17). Briefly, frozen tumors (�200 mg) from liquid nitrogen
were smashed and the coarse tumor powder was transferred into TRIZOL®
(Gibco BRL, Grand Island, NY) in a 15 ml tube and was homogenized using
a Polytron-Aggregate (Luzern, Switzerland). Chloroform was added into a
homogenized tumor sample, shaken vigorously, and then incubated for 10 min
at 24°C. The reaction tube was centrifuged at 12 000 g for 15 min at 4°C. The
upper portion was removed and transferred into a fresh tube. An equal volume
of isopropyl alcohol was added, shaken and incubated for 10 min at 24°C. The
mixture was centrifuged at 12 000 g for 10 min at 4°C. The RNA pellet was
washed with ice-cold 75% ethanol and centrifuged at 7500 g for 5 min at 4°C.
The RNA pellet was air-dried, then dissolved into RNase-free dH2O. RNA was
stored at –80°C. RNA concentration was measured at 260 and 280 nm (1 OD260 �
40 µg of single stranded RNA/ml).

Northern blot analysis. Expression of pS2 was utilized as a biomarker of
estrogenic activity (18). For the detection of pS2 expression, 10 µg of RNA
were separated on 1.2% formaldehyde denaturing agarose gels and transferred
to a Magnacharge, Nylon, Transfer membrane (Osmonics, Westboro, MA).
The RNA was UV cross-linked onto the membrane. The membrane was pre-
hybridized in a formamide pre-hybridization solution containing denatured
salmon sperm DNA for 3 h at 42°C. After 3-h pre-hybridization, the DNA
probe was labeled using Random Primers DNA Labeling System (Gibco
BRL). For the estrogen-responsive pS2 gene, 25 ng of pS2 cDNA, or for the
control 25 ng of GAPDH cDNA probe was labeled with 50 µCi [α-32P]dCTP.
The membrane was incubated with 32P-labeled probe overnight at 42°C. The
membrane was washed twice with 5 ml of 0.2% SSC/0.1% SDS at 24°C
for 5 min each, three times with 5 ml of 0.1% SSC/0.1% SDS at 68°C for
15 min each, and rinsed with 2% SSC. The membrane was exposed to X-ray
film for 6 h, and hybridizing RNA molecules were detected by performing
autoradiography. Film was analyzed using Collage™ (Version 4.0) (Image
Dynamics) with Foto Analyst (Fotodyne, Hartland, WI).

Tumor cell proliferation immunohistochemistry

BrdU (5-bromo-2�-deoxyuridine) analysis. BrdU incorporation into cellular
DNA was used as an indicator of cells that were actively proliferating
(19). Four hours prior to killing the animals, each mouse was injected
intraperitoneally with 50 mg BrdU/kg body weight. Tumors were excised,
skin and fat removed, and processed. Processing included a fixation period of
24 h in 10% formalin followed by paraffin embedding of the tissues. Then,
3–5 µM sections were cut from each tumor. Prepared sections were then
stained for the presence of BrdU utilizing a modified immunohistochemistry
protocol (20). Briefly, slides were deparaffinized and hydrated by immersing
in xylene twice for 12 min and immersing in a series of alcohol/water solutions
for 5 min each. To block endogenous peroxidase, slides were immersed in
0.3% H2O2 for 20 min then washed with distilled water. Slides were then
microwaved in a Pyrex dish in citrate buffer at pH 6 for 20 min and cooled.
Then slides were washed in phosphate-buffered saline (PBS) (pH 7.1–7.4) for
5 min and tissue sections were rimmed with wax. Fifty microliters of antiBrdU
primary antibody (Amersham, Piscataway, NJ) was added to slides and
incubated for 1 h at 24°C in a humidity chamber. Slides were washed with
PBS and 50 µl of diluted secondary antibody (Sigma, St. Louis, MO) was
added to slides and incubated for 30 min at 24°C. Slides were then washed
in PBS. One drop of freshly prepared 3,3�-diaminobenzidine tetrahydrachloride
(DAB) plus Ni enhancer solution was added to each slide. Slides were then
washed in water twice, in PBS, and counterstained with 20% hematoxlin for
1 min. The slides were then dehydrated by placing them in 80% ethanol for
5 min, 95% ethanol for 5 min, and 100% ethanol for 5 min followed by
xylene four times for 5 min each. Slides were then coverslipped and analyzed
by light microscope. Both positive and background stained cells were counted
in a given area of tissue. The data were then presented as percentage of cells
proliferating in a given area of tumor.

Salivary and small intestinal cell-free extract metabolism of genistin to
genistein

Tissue preparation and protein analysis. Both intestinal cell-free extract and
salivary samples were used to analyze the ability of these tissues to convert
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genistin to genistein. For intestinal sample preparation and enzyme analysis,
the modified protocol of Day et al. (1998) was used (11). Briefly, small
intestines were removed from mice (n � 24), immediately flushed with
saline and frozen in liquid nitrogen. Frozen intestinal tissues were then added
to 2 ml of an ice-cold potassium phosphate buffer (PPB) (10 mM, pH 7.0)
containing 2-mercaptoethanol (10 mM) solution. Tissues were then homogen-
ized and centrifuged at 13 000 g at 4°C for 30 min and the supernatant removed
and stored in the –80°C freezer. Saliva was collected prior to analysis from
human volunteers (n � 12). Protein concentration of both saliva and small
intestine samples was measured using the Bio-Rad® protein assay reagent
(Bio-Rad, Hercules CA). Bovine serum albumin was used as a standard.

Enzyme reaction. Intestinal tissue and salivary enzyme reactions were per-
formed according to the modified method of Day et al. (1998) (11). For each
reaction, small intestine extract or saliva (200 µg protein) was added. Genistin
was then added along with PPB (10 mM, pH 7.0) and the final reaction
contained genistin at the concentration of 30 µM. At this time 50 µl of the
500 µl total reaction was immediately removed and 50 µl of a stop solution
(methanol containing 0.8 mM ascorbic acid) was added. These samples were
then analyzed for genistin content and this value used as the initial genistin
concentration. The remaining 450 µl of each sample was then incubated at
37°C for 90 min. The reaction was stopped with 450 µl of the same stop
solution. Reaction tubes were centrifuged at 13 600 g at 4°C for 10 min. For
each sample, a duplicate reaction tube was raised to 100°C immediately
following addition of genistin to serve as a control.

High performance liquid chromatography (HPLC) analysis. Percentage of
genistin conversion was determined by quantifying the amount of genistin
present before and after incubation with either small intestine cell-free extract
or saliva. The concentration of genistin in the samples was quantified utilizing
an HPLC protocol obtained from ESA (Chelmsford, MA). Briefly, a gradient
system was utilized to elute the compound. The gradient conditions were as
follows: initial conditions of 80% mobile phase A (50 mM sodium acetate,
pH 4.8 with acetic acid:methanol, 80:20) and a linear gradient to 100% mobile
phase B (50 mM sodium acetate, pH 4.8 with acetic acid:methanol:acetonitrile,
40:40:20) over 25 min. This was followed by a 5-min hold at initial conditions.
Flow rate was set at 0.6 ml/min at 37°C. Samples were injected 1 min into
the gradient at a volume of 25 µl. A CoulArray® electrochemical detector
(ESA) was used for analysis of genistin. Detector potentials were set at 120,
320, 380, 440, 500, 560, 620 and 680 mV. Data are expressed as a percentage
of genistin converted to genistein and was calculated for each sample
utilizing the formula [genistin (ng) after incubation/genistin (ng) before
incubation]�100%.

Statistical analysis

Tumor area data were analyzed according to a completely randomized
design with a one-way or repeated measures analysis of treatment according
to the characteristics of the data set. pS2 gene expression and cellular
proliferation data were analyzed according to a completely randomized design
with a one-way analysis of treatment. If the overall treatment F-ratio was
significant (P � 0.05), the differences between treatment means were tested
with Fisher’s least significant difference (LSD) test. Error bars on all graphs
are representative of the standard error of the mean. All statistical analysis
was done using the SAS program (SAS, Cary, NC; 1985).

Results

Effect of genistin and genistein on MCF-7 tumor growth in
athymic mice
Four weeks after re-treatment with a new 2 mg E2 pellet, the
average cross-sectional area of the tumors in the positive
control group was 103 mm2 (Figure 1). At this point, these
mice were killed. Eleven weeks after the E2 pellets were
removed, the negative control tumors regressed to an average
area of 25 mm2. Both genistin and genistein stimulated the
growth of MCF-7 tumors (Figure 1). By week 11 after E2
pellet removal, tumors from both the genistin and genistein
treatment groups were significantly (P � 0.01) larger than that
of the negative control group with average tumor areas of 85
and 74 mm2, respectively. The average tumor areas in the
genistin and genistein-treated groups were not significantly
different from each other. Eleven weeks after re-treatment with
a new E2 pellet, half of the animals were killed for tissue
collection. The remaining animals of the negative control,
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Fig. 1. Effects of genistin and genistein on MCF-7 tumor growth in athymic
mice. Female ovariectomized athymic mice were implanted with a 2 mg E2
pellet. The animals were then injected with 1.5�105 MCF-7 cells/site in
four locations. Subsequently, tumors developed and were allowed to grow to
an average cross-sectional area of 40 mm2. At this time, E2 pellets were
removed from all of the mice and they were assigned to one of eight
treatment groups: positive controls that were re-implanted with a new 2 mg
E2 pellet (eight mice; n � 32 tumors), negative controls that were fed AIN
93G rodent diet alone (six mice; n � 24 tumors), dietary genistin-treated
(GIN) AIN 93G � 1200 p.p.m. genistin (seven mice; n � 27 tumors) and
dietary genistein-treated (GEN) AIN 93G � 750 p.p.m. genistein (six mice;
n � 23 tumors). Diets were formulated to meet all nutritional requirements
of the mice. The day animals were started on experimental diets was
designated as measurement 0. Tumors were then measured weekly. Data are
expressed as average cross-sectional tumor area � SEM for all tumors in
each treatment.

genistin and genistein-treated groups were then all given the
AIN 93G control diet. The tumors in the negative control
group continued to regress during this time resulting in a final
average tumor area of 7 mm2 (Figure 2). Nine weeks after
removing genistin and genistein from the diet of treated
animals, tumors in these groups regressed to average sizes of
15 and 17 mm2, respectively. While the average tumor size
was reduced 7-fold, the final measurements were still
significantly (P � 0.05) different from the negative controls
in both the genistin and genistein. However, because of the
slope of the regression in tumors of both treatments, it can be
estimated that the tumors would regress to a point where they
were no longer significantly different than the negative controls
(Figure 2).
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Fig. 2. Effects of removal of genistin and genistein from diets on MCF-7
tumor growth in athymic mice. Female ovariectomized athymic mice with
MCF-7 tumors had previously been on dietary treatment of either genistin at
1200 p.p.m. or genistein at 750 p.p.m. in AIN 93G control diet and by the
end of 11 weeks of the treatment tumors were significantly larger than their
original size. Genistin and genistein were then removed from the diet of the
mice and both groups were placed on AIN 93G control diet alone. The
resulting groups were genistin (six mice; n � 23 tumors), genistein (six
mice; n � 23 tumors) and a negative control group (six mice; n � 23
tumors) whose tumors had not been in the presence of either estradiol or the
dietary estrogens for the previous 11 weeks. The diets were formulated to
meet all nutritional requirements of the mice. The day animals were started
on experimental diets was designated as measurement 1. Tumors were then
measured weekly. Data are expressed as average cross-sectional tumor
area � SEM for all tumors in each treatment.

Effect of genistin and genistein on estrogen-responsive pS2
mRNA expression in MCF-7 tumors
To evaluate the ability of genistin and genistein in the diet to
enhance the expression of an estrogen-responsive, pS2, gene
we conducted northern blot analysis using mRNA isolated
from tumors in each treatment group. Tumors were collected
from the positive control group 4 weeks after re-treatment
with a new E2 pellet while tumors were collected from the
negative control, genistin and genistein groups 11 weeks after
this re-implantation. Expression of pS2 was higher in animals
continually treated with E2 when compared with the negative
control group (P � 0.01). In addition, levels of pS2 expression
in tumors from animals that were consuming genistin and
genistein were significantly (P � 0.05) higher than the
negative control group, but were not significantly different
from the positive control group (Figure 3). Further, there was
no significant difference between the genistin and genistein
groups.
Cellular proliferation in MCF-7 tumors excised from animals
consuming soy protein isolates and genistein
Cellular incorporation of BrdU was utilized as an indicator of
cellular proliferation in MCF-7 tumors. Cells that stained
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Fig. 3. Effect of genistin and genistein treatments on pS2 gene expression in
MCF-7 tumors. Treatment groups were positive control (PC) which were
implanted with a 2 mg E2 pellet, negative control (NC) which had no E2
pellet or dietary isoflavone, dietary genistein (GEN) at 750 p.p.m. and
dietary genistin (GIN) at 1200 p.p.m.. At the end of the study tumors were
collected for analysis. For the detection of pS2 expression, mRNA was
isolated from each tumor. Northern blot analysis was used to quantify the
amount of mRNA produced as a result of the treatments.

Fig. 4. Effect of genistin and genistein on the cellular proliferation within
MCF-7 tumors. Treatment groups were positive control (PC) which were
implanted with a 2 mg E2 pellet, negative control (NC) which had no E2
pellet or dietary isoflavone, dietary genistein (GEN) at 750 p.p.m. and
dietary genistin (GIN) at 1200 p.p.m.. Tumors were removed from the mice
for immunohistochemical analysis. Incorporation of BrdU into cellular DNA
was utilized as a marker of cellular proliferation. Immunohistochemistry
was utilized to stain for cells containing BrdU. Positively staining as well as
background cells were counted to give a final count on both proliferating
and total cells in a given area of tissue. Cell counts from each treatment
group were then combined and averaged (n � 25 fields/5 tumors/treatment
group). The data are presented as the percentage of cells actively
proliferating in a given area of tissue � SEM.

positive after immunohistochemical analysis were considered
actively proliferating cells. Both proliferating and non-prolifer-
ating cells in a given field of view were counted and final
values were expressed as percentage of proliferating cells. The
percentage of proliferating cells value for the negative control
group was 1.4%. Positive control animals remaining on
estrogen supplementation had a significantly (P � 0.01) higher
percentage of cellular proliferation when compared with the
negative control group with a value of 12.6% proliferation.
The animals consuming genistin and genistein had proliferation
of 7.8 and 11.5%, respectively. These values were significantly
(P � 0.01) higher than the negative controls and the prolifera-
tion in the genistein-treated animals was not significantly
different than that of the positive control group (Figure 4).
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Table I. Conversion of genistin to the aglycone form genistein by either
saliva or small intestine cell-free extract samplesa

Tissue n Genistin conversion SEM
(% converted)

Salivab 12 70.0 � 4.4
Small intestine cell-free extractc 22 58.5 � 3.2

aFor each reaction, either saliva or small intestinal cell-free extract was
added at a volume that resulted in 200 µg protein. Genistin was then added
to result in a final concentration of 30 µM genistin. A sample was taken
from each reaction before and after a 90-min incubation at 37°C to analyze
genistin levels. Percentage conversion was then calculated utilizing the
equation (ng genistin after incubation/ng genistin before incubation)�100%.
bSaliva samples were collected from human volunteers and used
immediately after collection.
cSmall intestine cell-free extracts were prepared from the small intestines
of mice.

Conversion of genistin to the aglycone form genistein when
exposed to saliva or small intestinal cell-free extract
The ability of either saliva or the small intestine to remove
the glucose from genistin to form the aglycone form genistein
was evaluated. To quantify this conversion, a sample was
taken from each reaction to establish a starting concentration
of genistin. Then after a 90 min incubation the remaining
genistin was measured. The data are expressed as a percent-
age of genistin converted to genistein. Saliva collected from
human volunteers resulted in a 70% conversion of genistin to
its aglycone form. Small intestine cell-free extract samples
collected from mice resulted in a conversion rate of 58.5%
(Table I).

Discussion

Dietary genistin was able to elicit an effect on the growth of
estrogen-dependent tumors similar to that of genistein. This is
of significance as the glycoside, genistin is the predominant
form of the isoflavone found in soy food products and in
dietary supplements used for medicinal purposes. It has been
reported that isoflavone aglycones are absorbed faster and in
greater amounts than their glycoside forms producing higher
concentrations of total isoflavones in the plasma (21). However,
in this study plasma levels of total genistein were similar in
both the genistin and genistein fed animals with plasma
concentrations of 0.51 and 0.44 µM, respectively (data not
shown). These measurements are consistent with concentra-
tions observed in previous studies where rodents were fed
genistein (0.93 µM) (22) and are similar to levels measured
in humans 24 h after consuming isoflavones from soy milk
(0.53 µM) (23). In this study, the removal of either genistin
or genistein diet resulted in a rapid regression of tumor size
demonstrating a direct relationship between tumor growth and
isoflavones in the diet. Tumor growth appeared to be a result
of enhanced cellular proliferation as demonstrated by the
immunohistochemistry data in which actively proliferating
cells are preferentially stained. Both genistin and genistein
increased the percentage of cells proliferating in these tumors
resulting in the increased tumor size. An increase in the relative
abundance of pS2 mRNA as observed from northen blot
analysis confirms that both genistin and genistein can elicit an
estrogenic response in the tumors. These data suggest that the
increase in proliferation is mediated via an estrogen-dependent
mechanism. Therefore, we have demonstrated that the
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estrogenic isoflavone genistein whether in its aglycone or
glycoside form can stimulate the growth of estrogen-dependent
human breast cancer tumors transplanted into athymic mice.
These findings suggest possible adverse effects for women
whom have breast cancer and are consuming genistin in
their diet.

Breast cancer incidence increases with age and three
out of four women with breast cancer are over 50 years of
age. Therefore, post-menopausal women are at a higher risk
of being diagnosed with breast cancer than younger pre-
menopausal women (24). Approximately half of the breast
cancer in these women will be estrogen-dependent. Introduction
of an estrogen, whether through hormone replacement therapy
or through supplementation with dietary isoflavones, has the
potential for negative effects regarding the stimulation of the
growth of these estrogen-dependent tumors. It was unclear
whether dietary genistin could produce similar biological
results to that observed with genistein. We present here that
both the glycoside and aglycone forms of the isoflavone
have the ability to stimulate the growth of MCF-7 tumors
xenografted into athymic mice. It is important to note that
only one human breast cancer cell line was used in this study
and that tumor growth is observed in the mouse, which could
vary somewhat from what occurs in humans. However, this
model has been utilized in the development of drugs used
to prevent and treat breast cancer such as tamoxifen and
findings in this model are thought to be relative to what will
occur in humans (25). It should also be mentioned that
genistein has been demonstrated to be biologically active when
consumed by humans in the diet. Menstrual cycles of women
consuming textured vegetable protein containing 45 mg of
isoflavones daily for a month were prolonged by 2 days as a
result of a longer follicular phase (26). Similar lengthening of
the menstrual cycle was observed in women consuming 60 g
soy protein isolate containing 45 mg isoflavones daily for a
month (27). Isoflavones were shown to act estrogenically
within the human mammary gland when mammary duct fluid
aspirates from women ingesting 38 g of soy protein isolate
containing 38 mg genistein, contained a higher number of
hyperplastic epithelial cells when compared with controls
(28). A more recent study reported elevated nipple aspirate
apolipoprotein D and pS2 expression in women consuming
60 g of textured vegetable protein for 2 weeks (29). The
knowledge that dietary genistein and genistin can have a
similar effect on growth of human estrogen-dependent tumors
in the athymic transplant model raises the concern that self-
medication by dietary supplementation of estrogenic
isoflavones could result in increased risk in post-menopausal
women with pre-existing estrogen-dependent tumors.

The second objective of this research was to evaluate the
location of hydrolysis of genistin to genistein in the digestive
tract. The isoflavones were first identified when a reduction of
reproductive performance was reported in sheep grazing on
subterranean clover (30) and genistein was revealed as one of
the compounds responsible for this condition (31). Much of
the original isoflavone research was conducted in ruminant
species. It has been demonstrated that intestinal bacteria were
capable of converting the glycosides to their aglycone forms
(9,10). Following these findings it was widely believed that
an intact gut microflora in the lower intestine of monogastrics
was an absolute requirement for the normal metabolism of
genistein. Day et al. (1998) demonstrated that there are other
means in which the glycoside is converted. This study showed
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the existence of enzymes produced by the small intestine as
well as the liver that are capable of hydrolyzing the glycoside
to the aglycone (11). Specifically, lactase phlorizin hyrdolase,
a membrane-bound β-glucosidase, found on the brush border
of the mammalian small intestine has the ability to perform
this hydrolysis (32). It is then likely that the resulting genistein
is readily absorbed through the small intestine (33). Other
studies confirm the ability of the small intestine to convert
genistin to genistein. Utilizing rat small intestines in an
ex vivo intestinal perfusion model, ~15% of the genistin
administered appeared on the vascular side predominately as
genistein glucuronide with some free genistein and minor
amounts of unmetabolized genistin (34). When genistin was
administered in the form of pre-digested tofu the majority of
the genistin appeared vascularly as free genistein (35). The
ability of the small intestine to convert genistin to genistein
probably contributes to the absorption of genistein. However,
it does not fully explain the observation that the aglycone
forms of the isoflavones appear in the plasma within 30 min
following ingestion of soy flour containing the glycoside
forms of the compounds (12). While conversion and rapid
absorption in the small intestine may partially explain this
early appearance of plasma genistein it is probable that at least
one other mechanism is involved in early absorption of the
compound. Piskula et al. (1999) demonstrated that unlike in
the small intestine, genistein but not genistin was readily
absorbed through the wall of the stomach (36). These findings
collectively suggest that at least some level of conversion
likely occurs prior to food entering the stomach and that the
resulting genistein could then be absorbed through the stomach
wall. Here we report that human saliva is capable of converting
genistin to genistein. The exact mechanism and relative
importance of this conversion to the absorption of genistein is
not known and will require further investigation. To date, the
efficiency and physiological contribution of the conversion of
genistin to genistein at each of these sites in the digestive tract
are unclear. Data reported here indicate that metabolism of the
glycoside genistin begins in the mouth rather than the small
intestine.

In summary, dietary genistin is capable of eliciting biological
activity similar to genistein with regards to stimulation of
growth of estrogen-dependent breast cancer tumors trans-
planted into athymic mice. Further, the tumors appear to have
an absolute requirement for the phytoestrogens in the absence
of high endogenous E2 levels as demonstrated by the regression
of the tumors when genistin and genistein were removed from
the diet. The stimulatory effect of genistin appears to be
directly related to the estrogen agonist activity of the compound
that results in an increase in cellular proliferation within the
tumors. It is likely that the activity of genistin is a result of
the efficient conversion and absorption of genistin to genistein,
which is the biologically active form of the compound and
that contrary to previous reports that this metabolism begins
in the mouth upon ingestion of the glycoside form of the
compound.

Acknowledgement

Supported by National Institute of Health Grant CA77355 (to W.G.H.).

References

1.Markovits,J., Linassier,C., Fosse,P., Couprie,J., Pierre,J., Jacqudmin-
Sablon,A., Saucier,J.M., LePecq,J.B. and Larsen,A.K. (1989) Inhibitory

1672

effects of the tyrosine kinase inhibitor genistein on mammalian DNA
topoisomerase II. Cancer Res., 49, 5111–5117.

2.Okura,A., Arakawa,H., Oka,H., Yoshinari,T. and Monden,Y. (1998) Effect
of genistein on topoisomerase activity and on the growth of [val 12] Ha-
ras-transformed NIH 3T3 cells. Biochem. Biophys. Res. Commun., 157,
183–189.

3.Akiyama,T., Ishida,J., Nakagawa,S., Ogawara,H., Watanabe,S.I., Itoh,N.,
Shibuya,M. and Fukami,Y. (1987) Genistein a specific inhibitor of tyrosine-
specific protein kinases. J. Biol. Chem., 262, 5592–5595.

4.Geissler,J.F., Traxler,P., Regenass,U., Murray,B.J., Roesel,J.L., Meyer,T.,
McGlynn,E., Storni,A. and Lydon,N.B. (1990) Thiazolidine-diones:
biochemical and biological activity of a novel class of tyrosine protein
kinase inhibitors. J. Biol. Chem., 265, 22255–22261.

5.Xu,X., Wang,H.J., Murphy,P.A., Cook,L. and Hendrich,S. (1994) Daidzein
is a more bioavailable soymilk isoflavone than is genistein in adult women.
J. Nutr., 124, 825–832.

6.Martin,P.M., Horwitz,K.B., Ruyan,D.S. and McGuire,W.L. (1978)
Phytoestrogen interaction with estrogen receptors in human breast cancer
cells. Endocrinology, 103, 1860–1867.

7.Hsieh,C.Y., Santell,R.C., Haslam,S.Z. and Helferich,W.G. (1998)
Estrogenic effects of genistein on the growth of estrogen receptor-positive
human breast cancer (MCF-7) cells in vitro and in vivo. Cancer Res., 58,
3833–3838.

8.Naim,M., Gestetner,B., Zilkah,S. et al. (1974) Soybean isoflavones
characterization determination and antifungal activity. J. Agric. Food
Chem., 22, 806–810.

9.Hawksworth,G., Drasar,B.S. and Hill,M.J. (1971) Intestinal bacteria and
the hydrolysis of glycosidic bonds. J. Med. Microbiol., 4, 451–459.

10.Friend,D.R. and Chang,G.W. (1984) A colon-specific drug-delivery system
based on drug glycosides and glycosidases of colonic bacteria. J. Med.
Chem., 27, 261–266.

11.Day,A.J., DuPont,M.S., Ridley,S., Rhodes,M., Rhodes,M.J.C.,
Morgan,M.R.A. and Williamson,G. (1998) Deglycosylation of flavonoid
and isoflavoinoid glycosides by human small intestine and liver β-
glucosidase activity. FEBS Lett., 436, 71–75.

12.King,R.A. and Bursill,D.B. (1998) Plasma and urinary kinetics of the
isoflavones daidzein and genistein after a single soy meal in humans. Am.
J. Clin. Nutr., 67, 867–872.

13.Reeves,P.G., Nielsen,F.H. and Fahey Jr,G.C. (1993) AIN-93 Purified diets
for laboratory rodents: final report of the American Institute of Nutrition
ad hoc writing committee on the reformulation of AIN 76A rodent diet.
J. Nutr., 123, 1939–1951.

14.McManus,M.J. and Welsch,C.W. (1981) Hormone-induced ductal DNA
synthesis of human breast tissues maintained in the athymic nude mouse.
Cancer Res., 41, 3300–3305.

15.Noel,A., Simon,N., Raus,J. and Foidart,J.M. (1992) Basement membrane
components (Matrigel) promote the tumorigenicity of human breast
adenocarcinoma MCF7 cells and provide an in vivo model to assess the
responsiveness of cells to estrogen. Biochem. Pharm., 43, 1263–1267.

16.Gottardis,M.M., Jiang,S.Y., Jeng,M.H. and Jordan,V.C. (1989) Inhibition
of tamoxifen-stimulated growth of an MCF-7 tumor variant in athymic
mice by novel steroidal antiestrogens. Cancer Res., 49, 4090–4093.

17.Helferich,W.G., Jump,D.B. Anderson,D.B., Skjaerlund,D.M., Merkel,R.A.
and Bergen,W.G. (1990) Skeletal muscle β-actin synthesis is increased
pretransitionally in pigs fed the phenethanolamine ractopamine.
Endocrinology, 126, 3096–3100.

18.Brown,A.M.C., Jeltsch,J.M., Roberts,M. and Chambon,P. (1984) Activation
of pS2 gene transcription is a primary response to estrogen in the human
breast cancer cell line MCF-7. Proc. Natl. Acad. Sci., 81, 6344–6348.

19.De Fazio,A., Leary,J.A., Hedley,D.W. and Tattersall,N.H. (1987)
Immunohistochemical detection of proliferating cells in vivo. J. Histochem.
Cytochem., 35, 571.

20.Spady,T.J., Harwell,D.M.E., Snyder,M.C., Pennington,K.L., Mcomb,R.D.
and Shull,J.D. (1998) Estrogen-induced tumorigenesis in the Copenhagen
rat: Disparate susceptibilities to development of prolactin producing
pituitary tumors and mammary carcinomas. Cancer Lett., 124, 95–103.

21. Izumi,T., Piskula,M.K., Osawa,S., Obata,A., Tobe,K., Saito,M., Kataoka,S.,
Kubota,Y. and Kikuchi,M. (2000) Soy isoflavone aglycones are absorbed
faster and in higher amounts than their glucosides in humans. J. Nutr.,
130, 1695–1699.

22.Santell,R.C., Kieu,N. and Helferich,W.G. (2000) Genistein Inhibits growth
of estrogen-independent human breast cancer cell in culture but not in
athymic mice. J. Nutr., 130, 1665–1669.

23.Xu,X., Harris,K.S., Wang,H., Murphy,P.A. and Hendrich,S. (1995)
Bioavailability of soybean isoflavones depends upon gut microflora in
women. J. Nutr., 125, 2307–2315.



Genistin causes estrogen-dependent breast tumor growth

24.Feuer,E.J., Wun,L.M., Boring,C.C., Flanders,W.D., Timmel,M.J. and
Tong,T. (1993) The lifetime risk of developing breast cancer. J. Nat.
Cancer Inst., 85, 892–897.

25. Jordan,C.V., Gottardis,M.M., Robinson,S.P. and Friedl,A. (1989) Immune-
deficient animals to study ‘Hormone-Dependent’ breast and endometrial
cancer. Steroid Biochem., 34, 169–176.

26.Cassidy,A., Bingham,S. and Setchell,K. (1995) Biological effects of
isoflavones in young women: importance of the chemical composition of
soyabean products. Br. J. Nutr., 74, 587–601.

27.Cassidy,A., Bingham,S. and Setchell,K. (1994) Biological effects of a diet
of soy protein rich in isoflavones on the menstrual cycle of premenopausal
women. Am. J. Clin. Nutr., 60, 333–340.

28.Petrakis,N.L., Barnes,S., King,E.B., Lowenstein,J., Wiencke,J., Lee,M.N.,
Miike,R., Kirk,M. and Coward,L. (1996) Stimulatory influence of soy
protein isolate on breast fluid secretion in pre- and postmenopausal women.
Cancer Epidemiol. Biomarkers Prev., 5, 785–794.

29.Hargreaves,D.F., Potten,C.S., Harding,C., Shaw,L.E., Morton,M.S.,
Roberts,S.A., Howell,A. and Bundred,N.J. (1999) Two-week dietary soy
supplementation has an estrogenic effect on normal premenopausal breast.
J. Clin. Endocrinol. Metab., 84, 4017–4024.

30.Bennetts,H.W, Underwood,E.J. and Shier,F.l. (1946) A specific breeding

1673

problem of sheep on subterranean clover pastures in Western Australia.
Austr. Vet. J., 22, 2–12.

31.Bradbury,R.B. and White,D.E. (1951) The chemistry of subterranean
clover. Part 1. Isolation of formanetin and genistein. J. Chem. Soc., Part
1, 3447–3449.

32.Day,A.J., Canada,F.J., Diaz,J.C., Kroon,P.A., Mclauchlan,R., Faulds,C.B.,
Plumb,G.W., Morgan,M.R.A. and Williamson,G. (2000) Dietary flavonoid
and isoflavone glycosides are hydrolysed by the lactase site of lactase
phlorizin hydrolase. FEBS Lett., 468, 166–170.

33.Sfakianos,J., Coward,L., Kirk,M. and Barnes,S. (1997) Intestinal uptake
and billiary excretion of the isoflavone genistein in rats. J. Nutr., 127,
1260–1268.

34.Andlauer,W., Kolb,J. and Furst,P. (2000) Absorption and metabolism of
genistin in the isolated rat small intestine. FEBS Lett., 475, 127–130.

35.Andlauer,W., Kolb,J. and Furst,P. (2000) Isoflavones from tofu are absorbed
and metabolized in the isolated rat small intestine. J. Nutr., 130, 3021–3027.

36.Piskula,M.K., Yamakoshi,J. and Iwai,Y. (1999) Daidzein and genistein but
not their glucosides are absorbed from the rat stomach. FEBS Lett., 447,
287–291.

Received February 7, 2001; revised June 26, 2001; accepted July 3, 2001


