
antiestrogen-like activities [20, 21]. In recent
years, isoflavones have attracted much atten-
tion because of their possible cancer-pre-
venting effects for certain cancers. It has
been observed that Asian women who con-
sume a traditional low-fat high-soy diet have
a lower risk of developing breast cancer,

1. INTRODUCTION

Isoflavones are a group of chemicals pre-
sent in plants and foliage. The structural
similarity of isoflavones to natural animal
estrogens has suggested that this group of
chemicals may exhibit certain estrogen- or
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estrogen deficiency diseases (heart disease
and osteoporosis), and menopausal symp-
toms than women living in the industrial-
ized Western world [26]. Such marked dif-
ferences between women of Asian and
Western cultures are not due to genetic fac-
tors but are more likely dietary or environ-
mental in origin [42].

It has been suggested that isoflavones
influence carcinogenesis via their estrogenic
and antiestrogenic actions. The estrogenic
effects of isoflavones include binding to the
estrogen receptor (ER) or the type II estra-
diol (E2)-binding site [18, 19], promotion
of proliferation of reproductive organs in
animals [39], induction of pS2 protein
expression [29] and stimulation of growth in
estrogen-dependent human breast cancer
cells [12, 13, 37]. Suggested antiestrogenic
effects include competition with E2 for bind-
ing to the ER [34], reduction of estrogen
synthesis via the inhibition of aromatase
activity [1], down-regulation of E2-induced
expression of ER and the pS2 protein in
MCF-7 cells [14, 38], and inhibition of
E2-induced growth in breast cancer cells
[12, 13, 25]. The factors determining
whether estrogenic or antiestrogenic effects
of isoflavones predominate are quite com-
plex. These factors may be species- and tis-
sue-specific and appear to include the type
of the compound, concentration and length
of time used, and the method of adminis-
tration.

Little is known about the actual expo-
sure to isoflavones by humans who con-
sume phytoestrogen-rich foods. Although
some reports have indicated that serum lev-
els of genistein may be as high as 18.5 mM
[23], the levels in human serum have never
been reported to exceed 10 mM after con-
sumption of dietary soybean products [3,
23]. Adlercreutz et al. [2] reported the
plasma concentration of genistein was only
276 nM in Japanese men consuming a low-
fat diet with high content of soy products
[4]. The results of in vitro studies suggest
that at these concentrations, stimulation,

rather than inhibition may be the primary
effect of isoflavones on cell growth [12, 38]. 

The purpose of this study was to analyze
the effects of the isoflavones, daidzein and
biochanin A, on the mechanisms of cell pro-
liferation and cell cycle progression, espe-
cially at growth stimulatory and growth
inhibitory concentrations. A human breast
cancer cell line T-47D that is responsive to
estrogen [18, 27, 31, 35] was used in this
study. The isoflavone daidzein has been
found in substantial concentrations (5% dry
mass or less) in two major pasture legumes
Trifolium subterraneum(subterranean
clover), and T. pratense(red clover) as well
as in soybeans (up to 100–300 mg.100 g–1)
[6]. Biochanin A is the precursor of genistein
that has been suggested to be one of the
major biologically active isoflavones in
human breast cancer cell lines [5, 6]. The
impacts of isoflavones on a cell cycle regu-
latory protein P53 were also determined
in T-47D cells at both growth inhibitory and
stimulatory concentrations.

2. MATERIALS AND METHODS

2.1. Chemicals

Biochanin A and daidzein were pur-
chased from Sigma Chemical Co. (St. Louis,
MO, USA) and Research Biochemicals
International (Natick, MA, USA), respec-
tively. Phenol red-free Dulbecco modified
Eagle medium (DMEM), Hank balanced
salt solution (HBSS), fetal bovine serum
(FBS), and the antibiotic/antimycotic mix
were purchased from GIBCO BRL
(Gaithersburg, MD, USA). Solutions of
biochanin A and daidzein were prepared in
dimethylsulphoxide (DMSO) and stored at
–20 °C in the dark.

2.2. Cell culture conditions

T-47D cells were grown in RPMI 1640
containing 1X antibiotic/antimycotic mix,
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of the formazan dye leads to an increase in
the absorbance at the wavelength of 420 nm
and can be measured using a scanning mul-
tiwell spectro-photometer (ELISA reader).
The difference between the absorbance at
420 nm and the absorbance at 650 nm that
represents the background, can be directly
used as an index of the numbers of viable
cells in each well.

2.4. Cell cycle analysis

Cells treated with biochanin A or
daidzein were collected, washed twice with
PBS and resuspended in a phosphate-buffered
NaCl solution (PBS) to 1 ´ 106.mL–1 in the
presence of 50 mg.mL–1 propidium iodide,
0.1% sodium citrate and 0.1% Triton X-100
[7, 8]. The cells were incubated overnight at
4 °C in the dark before being subjected to
flow cytometry (Epics Elite ESP XL, Coul-
ter). Each analysis was repeated at least
twice.

2.5. Immunoprecipitation
and immunoblotting

T-47D cells were incubated with daidzein
(5, 40 or 80 mg.mL–1) or biochanin A (1, 20
or 40 mg.mL–1) for 48 h and cell lysates
were individually prepared from cells that
remained attached to the culture flasks and
from those floating in the culture medium.
Cell lysates were prepared according to the
procedures described previously [41]. Pro-
tein concentration was determined by BCA
assays (BioRad), and the presence of equal
amounts of protein in each sample was con-
firmed by fractionation of the cellular pro-
teins via an SDS-PAGE and Coomassie blue
staining. Cell lysates of 200 mL containing
equal concentrations of protein were
immunoprecipitated at 4 °C with 10 mL of
anti-P53 antibody. The mouse monoclonal
anti-P53 antibody (clone Ab-6) whose epi-
tope is within residues 2–25 of human P53
recognizes both human wild-type and mutant
P53 (Calbiochem, CA, USA). Following

5 mM N-(2-hydroxy-ethyl)piperazine-N’-
2-ethanesulfonic acid, and 0.37% sodium
bicarbonate supplemented with 10% fetal
bovine serum (FBS). Cultures were main-
tained at 37 °C in a humidified atmosphere
of 95% air/5% CO2 and fed every 2 d.

2.3. Proliferation assays 

Cells were cultured in a medium supple-
mented with 10% FBS until confluency was
reached and then they were cultured in a
serum-free medium for another 24 h. After
the cell density was determined by the try-
pan blue dye exclusion assay [10, 11, 28],
the cells were seeded in a medium contain-
ing 10% dextran/charcoal stripped FBS at
the density of 1.5 ́ 106 per T25 flask or
104 cells per well for 96-well culture plates.
The trypan blue dye exclusion assay was
used to determine the number of viable cells
since viable cells that exclude the trypan blue
dye remain transparent while non-viable cells
appear to be blue under the microscope. The
medium was removed following a 24 h
preculture period to ensure attachment; fresh
medium supplemented with 10% dextran/
charcoal stripped FBS alone or with daidzein
(0.25 to 100 mg.mL–1) or biochanin A (1 or
20 mg.mL–1) was then added. DMSO was
added to 0.1% (v/v) in parallel cultures as a
control. Following an incubation period
(0–4 days) at 37 °C, the number of viable
cells was quantified by the trypan blue dye
exclusion assay for cells grown in culture
flasks or by the WST-1 cell proliferation kit
according to the manusfactor’s instruction
(Boehringer Mannheim Biochemicals,
Mannheim, Germany) for cells grown in
96-well culture plates. The WST-1 prolif-
eration kit is based on the fact that the tetra-
zolium salt WST-1 is cleaved to form the
formazan dye by the mitochondrial succi-
nate-tetrazolium reductase system, which
is active only in viable cells. Therefore, the
number of metabolically active cells in the
culture can be determined from the amount
of the formazan dye formed. The formation
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gentle agitation overnight, 50 mL of protein A
agarose were added, and the reaction mix-
ture was incubated for 12 h at 4 °C. The reac-
tion mixture was then centrifuged and
washed three times with ice-cold dilution
buffer (0.1% Triton X-100, 20 mM Tris-
HCl, 0.14 M NaCl), and with TSA buffer
(20 mM Tris-HCl, 0.14 M NaCl) and
0.005 M Tris-HCl (pH 6.8) once each at
4 °C. The resulting precipitated immune
complexes were solubilized at 100 °C for
3–5 min in 20 mL of Laemmli sample buffer. 

The solubilized proteins were separated
by SDS-PAGE and transferred to a nitro-
cellulose membrane by electroblotting. The
P53 proteins present in the immune com-
plexes in each sample were detected using
the anti-P53 antibody followed by alkaline
phosphatase-conjugated goat anti-rabbit IgG
antibodies and an enhanced chemilumines-
cence (ECL) western blotting system (Amer-
sham, Uppsala, Sweden).

2.6. Statistic analysis 

Statistical analysis was performed by anal-
ysis of variance with the General Linear
Model. When the F-test was significant
(p < 0.05), differences among treatment
means were tested by Least Squares Means
with significant level set at p < 0.05. 

3. RESULTS

3.1. Cell growth regulation of daidzein
and biochanin A in T-47D cells

The effects of daidzein and biochanin A
on the cell proliferation of T-47D cells are
shown in Figure 1. A biphasic response was
observed in T-47D cells treated with each
isoflavone: at a concentration of 5 mg.mL–1

of daidzein, the cell growth was enhanced
150% whereas growth was inhibited by 54%
at a concentration of 40 mg.mL–1 (Figs. 1A
and 1B). Biochanin A exhibited a growth
stimulatory effect of 136% of the control at

1 mg.mL–1 and a growth inhibitory effect of
40% at 20 mg.mL–1 (Fig. 1C). This bipha-
sic effect of daidzein and biochanin A is in
good agreement with the observations made
in previous studies [12, 13].

3.2. Cell cycle progression of daidzein-
and biochanin A-treated T-47D cells 

At 40 mg.mL–1 of daidzein, the cell
growth of T-47D was inhibited and the cell
cycle was blocked in the G2/M phase
(Fig. 2A, Tab. I). The percentage of cells in
G2/M was 35.7 and 34.2 at 24 and 48 h
respectively, compared to 23.5 and 25.3 in
the corresponding controls. At 5 mg.mL–1

of daidzein, the percentage of T-47D cells
in the S phase was greatly increased from
6.5% in the corresponding control cells to
42.7% at 48 h. This might account for the
growth stimulation observed in T-47D cells
treated with 5 mg.mL–1 of daidzein. 

Biochanin A showed a similar effect on
the cell cycle in T-47D cells (Fig. 2B). The
cell cycle in T-47D cells treated with
20 mg.mL–1 of biochanin A was blocked at
the G2/M phase. At 24 h and 48 h, the per-
centage of cells reentering the G1 phase from
G2/M was only 77% and 79%, respectively,
of that of the corresponding DMSO-treated
control cells at 24 h and 48 h. At a concen-
tration of 1 mg.mL–1, biochanin A was found
to stimulate cell growth and to increase the
percentage of cells in the S phase. At 48 h,
the percentage of biochanin A-treated cells in
the S phase was 7.97 fold higher than in the
cells treated DMSO in parallel with DMSO.

3.3. Daidzein and biochanin A
influence the cell cycle regulatory
protein P53 

A significant portion of the T-47D cells
became detached from the culture flasks and
floated in the culture medium after treatment
with high concentrations of biochanin A
(> 40 mg.mL–1) or daidzein (> 80 mg.mL–1).
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Figure 1.The growth regulatory effects
of daidzein and biochanin A on the
human breast cancer cell line T-47D.
The T-47D cells were treated with
daidzein (A, B) or biochanin A (C) for
the indicated time. For controls, DMSO
was added to the cells in parallel and
incubated for the same period of time as
the phytoestrogen-treated samples. The
cell proliferation of each sample after
individual treatment was determined
as described in Materials and methods.
The results are the means of triplicate
determinations, and error bars repre-
sent SEM. Experiments with similar
designs were performed at least twice.
The * indicates significant difference
(p < 0.05).

A

B
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These cells, which were floating, appeared
to consist of large percentage of non-viable
cells based on the dye exclusion assays. To
analyze the potential difference in the P53
protein level between the attached cells and
floating cells, both types of cells were
collected separately and cell lysates were

prepared from each sample. The results
showed that P53 levels were increased in
the floating cells and reduced in the attached
cells at concentrations of 40 mg.mL–1 for
biochanin A (Fig. 3A). Biochanin A at
1 mg.mL–1 that stimulated cell growth did
not appear to cause any changes in the

60

Figure 2.The effects of daidzein and biochanin A on the cell cycle progression of T-47D cells. The
T-47D cells were incubated with biochanin A (bio A) at the concentration of 1 or 20 mg.mL–1 or
daidzein (dai) at the concentration of 5 or 40 mg.mL–1 for 6–48 h and the percentage of cells in each
cell cycle phase (G1, S and G2M) was determined by flow cytometry. Similar results were obtained
in three experiments of similar design.
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in those attached cells after treatment with
20 mg.mL–1 of biochanin A was lower
than that of DMSO-treated control cells
(Fig. 3A). A similar effect on the protein
level of P53 was observed in T-47D cells

protein level of P53. At 20 mg.mL–1 of
biochanin A, the growth of the T-47D cells
was blocked while most of the cells still
remained attached to flasks after the treat-
ment for 2 days. The protein level of P53
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Table I. Cell cycle analysis of daidzein and biochanin A treated T-47D cells.

Treatment G1 S G2/M

24 h
control 71.0 (11.6)a 5.5 (31.8) 23.5 (78.9)
bio A (1)b 82.5 (5.8) 3 (91) 14.4 (26.1)
bio A (20) 54.6 (21.4) 14.1 (0.2) 31.2 (48.2)
daidzein (5)c 65.4 (13.0) 9.3 (13.6) 25.3 (61.2)
daidzein (40) 54.7 (1.1) 9.7 (69.8) 35.7 (55.4)

48 h
control 68.2 (9.6) 6.5 (50) 25.3 (71.9)
bio A (1) 45.8 (25.6) 51.8 (61.2) 2.4 (98.3)
bio A (20) 54.2 (17.6) 12.9 (13.0) 32.9 (53.2)
daidzein (5) 33.4 (44.4) 42.7 (49.4) 23.9 (38.8)
daidzein (40) 55.3 (0.4) 10.5 (50.6) 34.2 (30.0)

a Variation in percentage.
b Concentration of biochanin A in mg.mL–1.
c Concentration of daidzein in mg.mL–1.

Figure 3.Protein levels of P53 in T-47D cells in response to the daidzein and biochanin A treatment.
The T-47D cells were treated with biochanin A (A) or daidzein (B) for 2 days at the concentrations
indicated. Cell lysates were prepared and the levels of P53 were determined with immunoprecipita-
tion followed by western analysis as described in the Materials and methods. Float: samples pre-
pared from cells that became detached from the culture flask surface and were floating in the medium.
att: samples prepared from cells that remained attached to the culture flask surface. 0: cells treated with
DMSO in parallel at the same concentration as the treated cells. Molecular weight markers are indi-
cated on the left.

A

B
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treated with daidzein (Fig. 3B). The level
of the P53 protein was greatly increased
in the floating cells after treatment with
80 mg.mL–1 daidzein for 2 days. At this
concentration, most of the T-47D cells
were detached from the culture flask and
floated in the medium. In the cells treated
with lower concentrations of daidzein
(5 and 40 mg.mL–1), the cells remained
attached and there were no significant
changes in the P53 protein level compared to
the DMSO-treated control cells. 

4. DISCUSSION

The results presented in this study support
previous observations that showed that
isoflavones elicit a biphasic response in the
DNA synthesis [12, 35] and cell prolifera-
tion [30] of the estrogen receptor of posi-
tive human breast cancer cells. In addition,
the effects of daidzein and biochanin A on
these cells appeared to be associated with
the expression level of P53. Several metabo-
lites of biochanin A (genistein, genistein
7-sulfate, biochanin A sulfate, and hydroxy-
lated and methylated forms of biochanin A)
have been detected in T-47D cells [24]. The
similar effects on cell growth between
daidzein and biochanin A indicated that
some common regulatory pathways might
be involved. We previously showed that
DNA synthesis was regulated by biochanin A
treatment so that low concentrations of
biochanin A stimulated DNA synthesis
while high concentrations of biochanin A
inhibited DNA synthesis [13]. This obser-
vation was corroborated here by the flow
cytometric DNA analysis results: after
48 h of incubation with biochanin A at
growth stimulatory concentration, T-47D
cells showed an increase in the percentage of
cells in the S-phase. Such behavior is indica-
tive of a reduction in the period of the G1-S
phase. The flavonoid quercetin is also
reported to regulate the G1/S phase of the
cell cycle in a similar way [33]. At growth
inhibitory concentrations, however, the time
course analysis suggested a more complex

perturbation in cell cycle control: incuba-
tion for 6–48 h at the high concentration of
biochanin A led to a slow fall in the S phase.
This suggests that cell cycle progression
was delayed especially at the stage of the
G1-S transition. The effect of daidzein on
cell cycle control in T-47D cells was similar
to that of biochanin A. Daidzein increased
the percentage of cells in the S phase at a
low concentration and slowed the progres-
sion from the G2/M phase to the G1 phase at
a high concentration. The concentrations
used in this study as well as most other
in vitro studies were higher than what has
been detected in the serum [3, 12, 36]. One
of the hypotheses for this observation has
been that bioaccumulation and bio-concen-
tration of these phytoestrogens might have
occurred in certain tissues such as breast
and bladder, respectively, resulted in a local
higher concentration than the concentration
found in serum. Nevertheless, the true in
vivo effect of the phytoestrogens on human
has to be evaluated from all possible aspects
and considering all potential influential
factors.

The tumor suppressor protein P53, which
is commonly inactivated in tumors, is a
major regulator of cell cycle progression in
response to DNA damage or arrest of DNA
synthesis [4, 9, 10, 17, 22]. Apoptosis has
already been proposed as one of the candi-
date pathways by which phytoestrogen
might inhibit growth because both daidzein
and biochanin A have been shown to induce
condensed chromosomes in MCF-7 cells as
revealed by acridine orange staining [33].
Moreover, further evidence for the involve-
ment of P53 in cell cycle arrest has been
provided by Morris et al. [22], who reported
that the wild type P53 protein is essential
for apoptosis to be induced immediately
after exposure to the phytoestrogen genis-
tein. In our study, human breast cancer cells
T-47D treated with biochanin A or daidzein
showed elevated protein levels of P53. Frey
and Singletary [7] also observed that genis-
tein increases the expression of P53 by
2.8 fold in the mammary epithelial cell
line. It has been proposed that the signals
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