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Formononetin is an isoflavonoid phytoestrogen found in certain foodstuffs such as soy and red clo-
ver. In this study, we examined the action of formononetin with the carcinogen activation pathway
mediated through the aryl hydrocarbon receptor (AhR) in MCF-7 breast carcinoma cells. Treating
the cells with formononetin alone caused the accumulation of CYP1A1 mRNA as well as elevation
in CYP1A1-specific 7-ethoxyresorufin O-deethylase (EROD) activity in a dose dependent manner.
However, a concomitant treatment with 7,12-dimethylbenz[alanthracene (DMBA) and formononetin
markedly reduced both the DMBA-inducible EROD activity and CYP1A1 mRNA level. Under the
same conditions, formononetin inhibited the DMBA-induced AhR transactivation, as shown by
reporter gene analysis using a xenobiotic responsive element (XRE). Additionally, formononetin
inhibited both DMBA-inducible nuclear localization of the aryl hydrocarbon receptor (AhR) and meta-
bolic activation of DMBA, as measured by the formation of the DMBA-DNA adducts. Furthermore,
formononetin competed with the prototypical AhR ligand, 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD),
for binding to the AhR in an isolated rat cytosol. These results suggest that formononetin might be
considered as a natural ligand to bind on AhR and consequently produces a potent protective effect
against DMBA-induced genotoxicity. Therefore, that's the potential to act as a chemopreventive
agent that is related to its effect on AhR pathway as antagonist/agonist.
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INTRODUCTION

The aryl hydrocarbons receptor (AhR) is a ubiquitous
cytosolic protein that binds environmental contaminants
including polycyclic aromatic hydrocarbons (PAH) (7,12-
dimethylbenz[alanthracene (DMBA) and benzo(a)pyrene)
and halogenated derivatives such as TCDD. Upon bind-
ing ligand, the AhR translocates to the nucleus where it
binds another protein, the aryl hydrocarbon nuclear
translocase (ARNT). This heterodimer acts as a tran-
scription factor of the basic helix-loop-helix family of
DNA binding proteins. It binds to enhancer sequences,
which are known as xenobiotic-response elements
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(XREs) flanking the S'-promoter region of several genes
(Hankinson, 1995). XREs are located upstream of the
CYP1A1 transcription start site (Brotons ef al., 1995)
The binding to these enhancer sequences causes ¢
change in the chromatin structure, which facilitates the
binding of various transcription factors to the CYP1A”
promoter (Olea et al., 1996). The most extensively stud-
jed cellular response to PAH is the transcriptional induc-
tion of the gene CYP1A. This gene encodes the
enzyme cytochrome P4501A, which catalyzes the oxi-
dative catabolism of PAH. The transcriptional induction
of the CYP1A gene is the most comprehensively stud-
ied cellular response to PAH. This reaction generates
genotoxic metabolites that can enter the nucleus anc
bind to specific DNA residues, leading to mutagenesis
(Dipple, 1994). The level of gene expression of CYP
enzymes is influenced by the number of endogenous
regulatory factors, such as hormones, as well as by
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their xenobiotic substrates including natural and syn-
thetic chemicals (Hankinson, 1295). A model compound
of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) has been
used as a potent environmental contaminant for the
examining of the mechanisms of Ah action.

One of the most important factors that determine the
sensitivity to mammary carcinogenesis is the metabolic
stage of the carcinogenic agent. DMBA is a PAH, which
is widely used as a model chemical carcinogen in rat
mammary tumor model (Chidambaram and Baradarajan,
1996). DMBA is a procarcinogen and requires meta-
bolic conversion to its ultimate carcinogenic diol epoxide
metabolites by oxidation, which is carried out through
CYP1A1 (Christou et al., 1987; Kleiner et al., 2002).
The covalent binding of the diol epoxides of DMBA to
DNA is believed to be essential for tumor initiation
(Slaga et al., 1979; Chidambaram and Baradarajan,
1996). Therefore, the extent to which the DNA adducts
occurs after administering the DMBA depends on the
level of the oxidative metabolism of DMBA due to
CYP1 (Kleiner et al., 2002). The inhibition of the CYP1
enzyme appears to be beneficial in preventing the
formation of DMBA-DNA adducts both in vivo and in
vitro (MacDonald ef al., 2001). Epidemiological studies
have shown that a polymorphism of increased CYP1A1
expression is a risk factor for breast cancer (Taioli,
1999).

Isoflavones are abundant in legumes such as soy,
mung bean sprouts, kidney beans, navy beans, red clo-
ver, and Japanese arrowroot (Mazur et al., 1998; Horn-
Ross et al., 2000). Both protective and adverse health
effects have been associated with the consumption of
foods and food supplements containing isoflavone deriv-
atives. Dietary consumption of isoflavones has been
linked to lower risks for breast cancer (Lamartiniere et
al., 1998) and prostate cancer (Adlercreutz et al., 1995).
Phytoestrogens from the isoflavone family are found in
several plants used for human and animal nutrition (Cos
et al, 2004). Experimental findings suggest that phy-
toestrogens play a significant inhibitory role during the
initiation and promotional phases of cancer develop-
ment (Cho et al., 2004). Phytoestrogen formononetin (4-
methoxy-7-hydroxyisoflavone) is the 4-O-methyl deriva-
tives of daidzein (4,7-dihydroxyisoflavone), and are the
predominant isoflavones found in alfalfa (Hom-Ross et al.,
2000), red clover, and chick peas (Mazur et al., 1998).
However, the influence of formononetin on CYP1A1
expression or chemopreventive effects of human breast
carcinoma MCF-7 remains unclear.

In the present study, we investigated the action of for-
mononetin with the carcinogen activation pathway that
is mediated by the AhR in MCF-7 cells.

MATERIALS AND METHODS

Materials. Formononetin (>99%) and charchol-dext-
ran were obtained from sigma (St, Louis, Mo, USA).
[’H]2,3,7 8-tetrachlorodibenzo-p-dioxin  purchased from
ChemSyn. 7-ethoxyresorufin and resorufin was supplied
by Pierce Chemical Co. 7,12-dimethylbenz[a]anthracene
purchased from Chemsyn Science Lab. RPM! 1640,
fetal bovine serum, penicillin-streptomycin solution, and
trypsin were obtained from Life Technologies, Inc. Lig-
uid scintillation cocktail was provided by Fisher.

Cell culture and treatment. The MCF-7 cells
(American Type Culture Collection, Manassas, VA,
USA) were grown in RPMI 1640 supplemented with 2
mM of glutamine and 10% fetal bovine serum. The cells
were subcultured weekly using 0.25% trypsin/0.05%
EDTA. Unless otherwise indicated, all the experiments
were carried out using confluent cells in a growth
medium. Both formononetin and DMBA were dissolved
in dimethylsulfoxide (DMSO). Stock solutions of these
chemicals were added directly to the culture media and
incubated with formononetin and DMBA. The control
cells were treated with the DMSO only, and the final
concentration of the solvent was always<0.2%.

7-Ethoxyresorufin-O-deethylase assay. The MCF-
7 cells in 48-well plates were treated with formonone-
tin at the concentrations with or without 1 uM of
DMBA in a growth medium for 18 hr. After incuba-
tion, the medium was removed and the wells were
washed twice with fresh medium. The 7-Ethoxyre-
sorufin-O-deethylase (EROD) activity was determined
in the intact ceils grown in 48-well plates. The fluores-
cence was measured for 30 min at an excitation
wavelength of 530 nm and an emission wavelength of
590 nm in a FL-600 multi plate fluorescence reader
(BIO-TEK, USA).

RNA preparation and CYP1A1 mRNA analysis by
RT-PCR. The confluent MCF-7 cells were treated with
formononetin and/or 1 uM of DMBA in growth medium
for 6 h. The cells were washed twice with PBS, and the
total RNA was isolated using the method previously
reported by Chomczynski and Sacchi (Chomczynski
and Sacchi, 1987). cDNA synthesis, semiquantitative
RT-PCR for CYP1A1 and glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) mRNA, and analysis of the
results were performed as described in the iiterature
(Jeong ef al., 1997). The cDNA was synthesized from
0.2 mg of the total RNA using an Omniscript RT-PCR
kit according to the manufacturer’s instructions. A cycle
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number that fell within the exponential range of both the
CYP1A1 (302 bp, 26 cycles) and GAPDH (983 bp, 17
cycles) responses was used.

Transfection and reporter assay. CYP1A1-XRE-
driven luciferase reporter plasmid (-1306 to -824 of the
murine CYP1A1) (Jeong and Kim, 2000) containing four
XRE was used to examine the specific activation of
XRE. The MCF-7 cells were co-transfected transiently
with 0.2 ug of pCMV-B-gal and 1 ug of XRE-regulated
luciferase reporter plasmid (CYP1A1-XRE-Luc) per well
using LipofectAMINE Plus. Four hour later, the medium
was removed, and the cells were treated with or with-
out DMBA (1 uM) and formononetin (10~50 uM). After
exposing the cells for 18 h, they were washed with PBS
and lysed. The supematants were assayed for their
luciferase and B-galactosidase activity. The luciferase
activity was determined using a luciferase assay sys-
tem (Promega) in accordance to the manufacturer’s
instructions using a luminometer (Luminoscan Ascent,
Thermo electron Co.). The B-galactosidase assay was
carried out as described elsewhere (Habig ef al., 1974).
The luciferase activity was normalized to the B-galac-
tosidase activity and is expressed as a proportion of the
activity detected in the vehicle controls.

Immunocytochemistry. MCF-7 cells grown on poly-
L-lysine-coated coverslips were treated with 50 uM for-
mononetin and/or DMBA for 3 h, after which the cells
were washed with PBS and fixed with 2% (w/v)
paraformaldehyde. After permeabilization, coverslips
were blockd with 1% BSA, followed by incubation with
the goat anti-AhR polyclonal antibody (1: 500 dilutions,
Santa Cruz biotechnology) for 1 h. The secondary anti-
body was Alexa Fluor 488-conjugated donkey anti-goat
antibody (1 : 500 dilutions, Molecular Probes) for 30 min.
After two further washes in PBS, the sections were
counterstained with the DNA dye 4'6-dianidino-2-phe-
nylindole (DAPI) at a concentration of 1 ug/mi for 5 min.
The cells were finally mounted with a mounting medium
(Dako, Hamburg, Germany) and analyzed by confocal
laser scanning microscopy (Zeiss, Jena, Germany).

Preparation of cytosol. Male Sprague-Dawley rats
(200~250g) were exposed to a 12h light/dark cycle
and provided with food and water. The hepatic cytosol
was prepared at4°C in a HEDGK buffer (25 mM Hepes,
pH 7.5, 1 mM EDTA, 1 mMDTT, 10% (v/v) glycerol, and
80 mM KCI) according to the method reported by Deni-
son et al. (1986) and stored at -80°C pending use. The
protein concentrations were measured according to the
method described by Bradford (1976).

AhR ligand binding assay. The binding of for-
mononetin to AhR in rat liver cytosolic extracts was
measured by determining the ability of formononetin to
compete with [PH]JTCDD for specific binding using the
hydroxylapatite (HAP) method essentially as described
by Gasiewicz and Neal (1982). In a competition assay,
500 ul of cytosclic extract (3mg of protein/ml) was
mixed with 10 nM [PH]TCDD (22.2 Cifmmol), and for-
mononetin or solvent (DMSO) alone. Samples were
incubated with gentle rotation at 4°C for 2h. The
unbound *H-labelled compounds were removed by add-
ing 50 ul of a charcoal suspension (3% charcoal in
0.3% Dextran T-70), followed by incubation at 4°C for
1 h. After incubation, 200 ul of the sample was placed
in a fresh tube containing 250 pl of HAP suspension for
the determination of the amount of bound [PH]TCDD.
The samples were incubated on ice for 30 min with
gentle shaking every 10 min. At the end of this time,
1 ml of ice-cold HEDGK containing 0.5% (v/v) Tween 80
was added to each sample. Using a microcentrifuge,
the tubes were centrifuged at 3500 rpm for 5min in a
microcentrifuge. The HAP pellet was washed for an
additional three times with 1 ml of HEDGK containing
0.5% Tween 80. After the last wash, 1 ml of absolute
ethanol was added to the HAP pellet and the HAP/etha-
nol suspension was transferred to a scintillation vial. The
tube and pipette tip were washed with an additional
0.5 ml ethanol, which was also added to the scintilla-
tion vial. Liquid scintillation cocktail solution (3 ml) was
added to each vial and the radioactivity was quantified
by liquid scintillation counting.

Measurement of DMBA-DNA adduct formation.
Confluent cultures of MCF-7 cells in six-well plates were
exposed to 0.1 ug/ml of [PHJDMBA in the presence or
absence of formononetin for 16 h. The cells were
washed twice with cold PBS, and then trypsinized and
pelleted. The nuclei were separated by incubating the
cells for 10 min on ice in a lysis buffer A (10 mM-Tris-
HCI pH 7.5, 320 mM-sucrose, 5 mM-magnesium chlo-
ride and 1% Triton X-100). The nuclei were collected by
centrifugation at 5000 rpm for 10 min at 4°C after incu-
bation. The nuclei were then lysed by adding 400 pl
lysis buffer B (1% SDS in 0.5 M-Tris, 20 mM-EDTA and
10 mM-NaCl, pH 9), followed by a treatment with 20 pl
proteinase K (20 mg/ml) for 2 h at 48°C. The samples
were then allowed to cool at room temperature, and the
residual protein was salted out by adding 150 ul satu-
rated NaCl. The samples were centrifuged at 1300C
rpm for 30 min at 4°C. The genomic DNA was isolatec
from the supernatant fraction by ethancl precipitation
and reconstituted in autoclaved water. The amount anc
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purity of the extracted DNA was determined by measur-
ing the absorbance at 260 nm/or 280 nm.

Statistical analysis. All experiments were repeated
at least three times to ensure reproducibility. The results
are reported as a mean+ SD ANOVA was used to
evaluate the differences between muitiple groups. A
Dunnet's t-test was used to compare the means of two
specific groups if there was a significance difference
observed. A P value < 0.01 was considered significant.

RESULTS:

Effects of formononetin on CYP1A1 activity. The
CYP1A1 gene activity in MCF-7 cells treated with for-
mononetin with or without DMBA was measured using
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Fig. 1. Effects of formononetin on the EROD activity in
MCF-7 cells. The cells were treated with DMSO (VH), for-
mononetin (10 pM~50 uM: A), DMBA (1 uM) plus formonon-
etin (10 uM~50 uM: B) for 18 h, as described in Materials
and Methods. The values are reported as a mean + SD of
triplicate cultures. *P < 0.01 significantly different from the
VH. **P < 0.01 significantly different from DMBA.

a CYP1A1-specific EROD activity assay. The formonon-
etin (10~50 uM) alone significantly induced the EROD
activity in a dose dependant manner (Fig. 1A). Also, the
formononetin significantly decreased the DMBA-induced
EROD activity in a dose dependent manner (Fig. 1B).
The formononetin-mediated suppression of EROD in-
duction was not the result of a formononetin cytotoxic
effect (data not shown).

Effects of formononetin on CYP1A1 mRNA. The
CYP1A1 mRNA in MCF-7 cells treated with DMBA in
the presence or absence of formononetin was mea-
sured using RT-PCR. Treatment with formononetin re-
sulted in a dose dependent increase in CYP1A1 mRNA
accumulation from 10 to 50 uM (Fig. 2A). Also, treating
the cells with 1 uM DMBA for 6 h increased the CYP1A1
mRNA accumulation. The formononetin inhibited the
DMBA-induced CYP1A1 mRNA in a dose dependant
manner (Fig. 2B).

Effects of formononetin on XRE luciferase activity.
The effect of formononetin on the transactivation of
XRE reporter gene (pCYP1A1-XRE-Luc) was assessed
in order to determine if formononetin causes the tran-
scriptional inhibition of the CYP1A1 genes through AhR
activation. The cells were treated with DMBA and/or for-
mononetin and the XRE-driven luciferase activities were
determined. The formononetin alone significantly induced
the XRE-driven luciferase activity in a dose dependant

A
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GAPDH
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B
CYP1A1
GAPDH
DMBA (1 uM) - + + + +
formononetin (uM) 0 0 10 25 50

Fig. 2. Effects of formononetin on CYP1A1 mRNA by RT-
PCR analysis. The MCF-7 cells were treated with DMSO
(VH), formononetin (10 uM~50 uM: A), DMBA (1 uM) plus
formononetin (10 uM~50 uM: B) for 6 h. The total cellular
RNA was isolated from the cells. The PCR amplification
products were electrophoresed in 2% agarose gel and
stained with ethidium bromide.
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Fig. 3. Effects of formononetin on DMBA-induced AhR trans-
activation by XRE reporter assay. The MCF-7 cells were
transient transfected with the XRE-Luc reporter plasmids,
and treated with DMSO (VH), formononetin (10 uM~50 uM:
A), DMBA (1 uM) plus formononetin (10 uM~50 uM: B). After
18 h treatment, the cells were harvested, and luciferase
activities were determined. The values are reported as the
mean x SD of triplicate cultures. *P < 0.01 significantly differ-
ent from the VH. **P < 0.01 significantly different from DMBA.

manner (Fig. 3A). Also, the DMBA treatment caused an
increase in the luciferase activity compared to the con-
trol. However, when the cells were simultaneously treated
with DMBA and formononetin, the DMBA-induced XRE-
driven luciferase activity was significantly suppressed by
formononetin (10~50 uM) in a dose-dependent manner
(Fig. 3B).

Effect of formononetin on binding of TCDD to
AhR. The EROD and CYP1A1 gene expression data
suggest that formononetin is a ligand for the AhR. This
was further demonstrated by examining the ability of
formononetin to compete with the prototypical AhR
ligand TCDD for binding to the AhR in the cytosolic
fraction isolated from rats. As shown in Fig. 4, for-
mononetin (10~50 uM) competitively inhibited specific
[PHJTCDD binding to AhR.
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Fig. 4. Effects of formononetin on [PHJTCDD binding to
cytosolic AhR. Cytosolic extracts (3 mg/ml) containing AhR
were incubated for 2h at 4°C with 10nM [PH]TCDD or
DMSO. The percentage of [PH]TCDD bound for formonone-
tin in the competition assay was calculated by dividing the
disintegrations per minute of specific ["[H]TCDD bound in the
formononetin by the disintegrations per minute of specific
[PH]TCDD bound in the DMSO containing sample. The val-
ues are presented as the mean £ SD of triplicate cultures.
*P < 0.01 significantly different from DMSO.

Control (VH)

DMBA

DMBA
+ formononetin

AhR DAPI merged

Fig. 5. Effects of formononetin on DMBA-induced AhR
nuclear transiocation. The MCF-7 cells were treated with
DMSO (VH), DMBA (1 uM) plus formononetin (50 uM) for
3 h. Cells were fixed and subjected to immunocytochemis-
try using an AhR antibody (left column), the images were
superimposed with DAP! stained images (middie column)
and merged images (right column).

Effect of formononetin on AhR nuclear transloca-
tion. Next we examined whether formononetin regu-
lates the nuclear translocation of AhR in MCF-7 cells
followed by detection using fluorescence microscopy. Ir
control cells were AhR protein localized in the cyto
plasm, however, after treatment with DMBA for 3 h
GFP fluorescence was found almost exclusively in the
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Fig. 6. Effects of formononetin on the formation of the
[PHIDMBA-DNA adducts in MCF-7 cells. The cells were
seeded in 6-well plates and treated with ["HIDMBA or
PHIDMBA plus formononetin (10 uM~50 uM). After 16 h of
treatment, the genomic DNA was extracted and the
PHIDMBA-DNA lesions were determined by scintillation
counting. The values are reported as the mean x SD of trip-
licate cultures. *P < 0.01 significantly different from the posi-
tive control (DMBA).

nucleus. Treatment of the cells with formononetin (50
uM) during DMBA exposure resulted in inhibition of
AhR nucleus translocation (Fig. 5).

Effect of formononetin on metabolic activation of
DMBA. The metabolic activation of DMBA by CYP1A1
leads to metabolites that react specifically with DNA.
The MCF-7 cells were incubated with ["H]DMBA in the
presence or absence of formononetin for 16 h, and the
catabolism of DMBA was determined by scintillation
counting. Exposing the cells to [PH[DMBA in the pres-
ence of formononetin (10~50 pM) inhibited the forma-
tion of the DMBA-DNA adduct in a dose dependent
manner (Fig. 6).

DISCUSSION

Several isoflavones have shown their anti-carcino-
genic effects in various models. Isoflavones are abun-
dant in legumes such as soy, mung bean sprouts,
kidney beans, navy beans, red clover, and Japanese
arrowroot (Mazur et al., 1998; Horn-Ross et al., 2000).
Both protective and adverse health effects have been
associated with consumption of foods and food supple-
ments containing isoflavone derivatives. Dietary con-
sumption of isoflavones has been linked to reduce the
risks to breast cancer (Lamartiniere et al., 1998) and

prostate cancer (Adlercreutz ef al., 1995). A number of
naturally occurring isoflavones have been shown to
modulate the CYP450 system, which could result on
the activation or inhibition of these enzymes. On other
hand, some isoflavones may alter the CYPs by binding
to the aryl hydrocarbon receptor (AhR), a ligand-acti-
vated transcription factor and acts either AhR agonists
or antagonists. Phytoestrogen formononetin (4-methoxy-
7-hydroxyisoflavone) are the 4-O-methyl derivatives of
daidzein (4,7-dihydroxyisoflavone), and are the predomi-
nant isoflavones found in alfalfa (Horn-Ross et 4l
2000), red clover (Mazur et al., 1998), and chick peas
(Mazur et al., 1998). Thus far, there are no reports of its
effect on the AhR, CYP1A1 mRNA accumulation and
CYP1A1 enzymatic activity. Therefore, in this study we
investigated the action of formononetin with the carcino-
gen activation pathway that is mediated by the AhR in
MCF-7 breast carcinoma cells. We examined the effect
of formononetin on the AhR and the major carcinogen-
activating enzyme in MCF-7 cells as well as CYP1A1.
The treatment with formononetin alone significantly
induced the EROD activity. DMBA induced the CYP1A1
activity as measured by the EROD activity. However,
treatment with formononetin during DMBA exposure
resulted in a dose dependent inhibition of CYP1A1
activity. Surprisingly, treating the MCF-7 celis with for-
mononetin in the absence of DMBA resulted in enhance-
ment of CYP1A1 mRNA. Using RT-PCR, we found that
the mammary carcinogen DMBA elevated the CYP1A1
mRNA level in MCF-7 cells that was partially antago-
nized by simultaneous treatment of the cells with for-
monetin. It has been shown previously that the ability of
the liganded AhR to induce transcription of genes
depends on its ability to bind enhancer sequences,
called the XRE, flanking the 5-promoter region of
CYP1A1. To determine whether formononetin acts simi-
larly or interacts directly with the AhR, a ligand-binding
assay was performed. Cytosol isolated from rat was
incubated with radiclabeled TCDD in the presence of
formononetin. Specific binding was separated from non-
specific binding by hydroxyapatite chromatography. For-
mononetin partially inhibited TCDD binding to the AhR.
Thus, formononetin appears to be an antagonist of the
AhR in the presence of other AhR ligands including
DMBA or TCDD. We next examined whether formonon-
etin regulates of nuclear translocation of AhR in MCF-7
cells, followed by detection using fluorescence micros-
copy. In control cells were AhR protein localized in the
cytoplasm. However, after treatment with DMBA for 3 h,
GFP fluorescence was found almost exclusively in the
nucleus. Treatment of the cells with formononetin dur-
ing DMBA exposure resulted inhibition of AhR nucleus
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translocation. These results suggest that formononetin
reduces the DMBA-inducible subsequent nuclear trans-
location AhR. Furthermore, inhibition of the AhR-medi-
ated response of CYP1A1 to DMBA and direct inhibition
of CYP1A1 activity by formononetin would be expected
to reduce the metabolic activation of DMBA. The forma-
tion of adducts between DNA and the reactive metabo-
lites of DMBA, which result from CYP1A1 activity, were
reduced substantially in formononetin-treated MCF-7
cells. Exposing the cells to ['HJDMBA in the presence
of formononetin inhibited DMBA-DNA adduct formation
in a dose dependent manner.

The current data suggested that formononetin may be
involved in the chemopreventive properties, by reducing
the formation of carcinogens through inhibiton of
enzyme, such as CYP1A1, a well known model in car-
cinogen activation. However, the fact that formononetin
induces CYP1A1 via the AhR and is an inhibitor of
CYP1A1 activity suggests that it might be a natural
ligand for AhR. Several studies have demonstrated that
non-toxic AhR agonists exhibit anti-tumorigenic activity in
the DMBA-induced rat mammary tumor model, thereby,
representing a group of compounds with potential for
clinical treatment of breast cancer (Krishnan et al.,
1995; McDougal et al., 1997). Formononetin has an
important chemopreventive feature that might be ap-
plied to a wide range of procarcinogens. One advan-
tage of formononetin as chemopreventive agents in
human trials is that, unlike synthetic chemopreventive
agents, it is a naturally occurring compound produced
endogenously by plants. Therefore, formononetin repre-
sents a new class of relatively non-toxic anti-tumori-
genic AhR agonists which are of phytochemical origin.
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