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ABSTRACT: Approximately 60% of breast cancer patients have hormone-
dependent breast cancer containing estrogen receptors and requiring estrogen
for tumor growth. The extent of estrogen biosynthesis and metabolism in the
breast cancer tissue microenvironment influences breast-tumor development
and growth, and endogenous and exogenous agents may alter the levels of hor-
monally active estrogens and their metabolites. Isoflavonoid phytoestrogens
such as genistein exhibit numerous biochemical activities; however, their ef-
fects on estrogen biosynthesis and metabolism in breast cancer cells have not
been fully examined. MCF-7 cells (hormone-dependent) and MBA-MB-231
cells (hormone-independent) were treated with genistein (100 nM) for five days
and then incubated with radiolabeled estradiol (100 nM, 2.5 �Ci) for 0 to 48 h.
Media were extracted with ethyl acetate, and the organic residues analyzed by
reverse-phase HPLC with a radioactivity flow detector. The major metabolite
formed in all cases is estrone, although differences were observed between the
cell lines and the various drug treatments. The formation of estrone in untreat-
ed MCF-7 cells (approximately 9.3% of radioactivity at 24 h) is relatively lim-
ited, in contrast to untreated MDA-MB-231 cells (approximately 32.0% of
radioactivity at 24 h). Treatment of MCF-7 cells with 100 nM genistein in-
creased the conversion of estradiol to estrone up to 19.5% in 24 h. The effect of
genistein on estrone formation in MDA-MB-231 cells resulted in 37.7% of the
radioactivity being estrone. Thus, genistein treatment of breast cancer cells re-
sulted in increased 17-�hydroxysteroid dehydrogenase activity and elevated
formation of estrone. Increased levels of oxidative 17-�hydroxysteroid dehy-
drogenase activity (Type II) were confirmed by Western blots. Therefore, expo-
sure of breast cancer cells to genistein results in elevated conversion of estradiol
to estrogenically weaker or inactive metabolites. The regulation of breast-
tissue aromatase by exogenous agents such as drugs and environmental agents
is being investigated. The benzopyranone-ring system is a molecular scaffold of
considerable interest, and this scaffold is found in flavonoid natural products
that have weak aromatase inhibitory activity. Medicinal chemistry efforts focus
on diversifying the benzopyranone scaffold and utilizing combinatorial chem-
istry approaches to construct small benzopyranone libraries as potential aro-
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matase inhibitors. Several compounds in the initial libraries have
demonstrated moderate aromatase inhibitory activity in screening assays.
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INTRODUCTION

Cancer is the leading cause of death among women between the ages of 30 and
54. An estimated 184,000 new cases of breast cancer were diagnosed, and 40,800
women in the United States died from breast cancer in 2000. Currently, one out of
eight American women will develop breast cancer in her lifetime.1 The rate of breast
cancer incidence has increased 2–3% per year over the past decade in both premeno-
pausal and postmenopausal women. This research focuses on examination of the role
of steroid hormones in breast cancer etiology. An estimated 60–70% of human breast
cancers are associated with sex-hormone exposure. Approximately 60% of all breast
cancer patients have hormone-dependent breast cancer, which contains estrogen re-
ceptors and requires estrogen for tumor growth. The possible biochemical roles of
estrogens in the development of breast cancer remain to be fully elucidated. Estro-
gens promote growth of estrogen-responsive tumor cells, and production of growth
factors by estrogens in established tumor cell culture lines has been demonstrated in
the past few years. In addition, the biosynthesis of estradiol (E2) by the enzyme ar-
omatase occurs locally within breast tissue.2–9 The subsequent oxidative metabolism
of estrogens to estrone (E1) and estriol (E3) may also be relevant in the development
of breast cancer. Furthermore, the expression of aromatase in breast cancer is regu-
lated through an alternative promoter that is responsive to prostaglandin E2 (PGE2),
biosynthesized by cyclooxygenases.10–12

Flavonoids are natural plant products present in many food sources, including
fruits, vegetables, legumes, and whole grains. The class of flavonoids encompasses
flavones, isoflavones, flavanones, and flavonols, each possessing the benzopyranone
ring system as the common chemical scaffold. Considerable interest in flavonoids in
breast cancer has been stimulated by the hypothesis that these natural products,
present in soy and in rye flour, are dietary factors that may be responsible for the
lower incidence of breast cancer in women from certain regions of the world, for ex-
ample, Japan and Finland.13,14 Soybean consumption has been associated with re-
duced rates of breast, prostate, and colon cancer, and animal studies have suggested
that the isoflavones in soybeans inhibit experimentally induced mammary tumors.15

These natural products demonstrate numerous biological activities, interact with
various enzymes and receptor systems of pharmacological significance, and have
potential applications in both cancer therapy and in cancer chemoprevention. Fla-
vonoid natural products demonstrate antiviral, anti-inflammatory, antiallergic, anti-
mutagenic, and anticarcinogenic activities.16–21 Flavonoids and isoflavonoids are
structurally similar to the endogenous steroid hormone, estradiol, and possess estro-
genic or antiestrogenic activities.17,18,22–25 Compounds in this class are able to bind
to the estrogen receptor α (ERα) and estrogen receptor β (ERβ), and some have
demonstrated enhanced affinity for ERβ.26 Several isoflavonoids possess estrogenic
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effects themselves27–29 and exhibit antagonist actions when administered with estro-
gens.30,31 Several flavonoids demonstrate inhibitory activities of the aromatase en-
zyme, thus lowering estrogen biosynthesis and circulating estrogen levels.32–36

Structures of selected flavonoids that inhibit aromatase are shown in FIGURE 1. In ad-
dition, in vitro inhibition of other steroidogenic enzymes such as hydroxysteroid de-
hydrogenases have been reported.37,38 Numerous flavonoids and isoflavonoids have
shown the ability to inhibit tyrosine kinase activities associated with various growth
factors and with certain oncogenes.39–42

Genistein (5,7,4′-trihydroxyisoflavone; FIG. 2), a principal isoflavone in soy-
beans, is obtained from the diet by ingestion of soybean and whole-grain products.
Genistein has weak estrogenic activity, exhibits differential affinities for ERα versus
ERβ,26 inhibits protein tyrosine kinases (PTK),43–45 and is implicated in chemopre-
vention.13,14 The structure–activity relationships for genistein, as well as other fla-
vonoids, have been determined with respect to genistein’s estrogenic and PTK
inhibitory activity.45,46 For maximal estrogenic activity, the diaryl ring structure and
hydroxyl substituents in positions 4′ and 7 are necessary, and a hydroxyl group at the
5 position increases the estrogenicity of genistein.46 The hydroxyl group at the 5 po-
sition is essential for PTK activity, and the hydroxyl groups at 4′ and 7 are necessary
for PTK activity.45 Growth inhibition of human breast cancer cells by genistein did
not depend on the presence of a functional estrogen receptor signaling pathways or
inhibition of receptor-mediated PTK activity. Although genistein has demonstrated
numerous biochemical activities, its mechanism for anticancer activity in vivo has
not been fully elucidated.

FIGURE 1. Flavonoids as Inhibitors of Aromatase.32–36 For reference, the Km for
the substrate androstenedione is approximately 20 nM. The current clinical drugs of anas-
trozole and letrozole have IC50 values of 15 nM and 11.5 nM, respectively.



54 ANNALS NEW YORK ACADEMY OF SCIENCES

Our hypothesis is that alterations in the breast cancer tissue microenvironment via
exposure to exogenous agents such as flavonoids can influence the extent of estrogen
biosynthesis and metabolism, result in altered levels of hormonally active estrogens
and their metabolites, and therefore influence breast-tumor development and
growth. Biochemical examination of this hypothesis in vitro has been performed in
estrogen receptor positive (ER+) MCF-7 and estrogen receptor negative (ER−)
MDA-MB-231 cells currently in use in our laboratories. Furthermore, the low
molecular-weight, fairly rigid benzopyranone nucleus of flavonoids contains multi-
ple sites of potential chemical diversity, and this basic chemical structure serves as
an ideal template for combinatorial libraries. The design, synthesis, and screening of
substituted benzopyranone combinatorial libraries would allow us to harvest the bi-
ological potential of these molecules and develop selective agents for molecular tar-
gets in breast cancer.

MATERIALS AND METHODS

Chemicals and Reagents

Radiolabeled estrogens, [6,7-3H]17β-estradiol (43.70 Ci/mmol) and [6,7-3H]-es-
trone (40.00 Ci/mmol), were obtained from New England Nuclear Corp. (Boston,
MA). All other radioinert estrogens, catechol estrogens, and their monomethyl ether
derivatives were purchased from Sigma Chemical Co. (St. Louis, MO) or Steraloids
Inc. (Wilton, NH). HPLC-grade methanol and acetonitrile were obtained from Fish-
er Scientific (Fair Lawn, NJ). All other chemicals were obtained from Aldrich
Chemical Co. (Milwaukee, WI). Modified DMEM culture media (B-media) and
trypsin were obtained from Gibco (Grand Island, NY). Fetal calf serum was heat in-
activated for 60 min in 60°C water bath before use. Cells were cultured in a Forma
3029 CO2 incubator and examined on an Olympus IMT-2 inverted research micro-
scope. HPLC mobile phase was filtered through a 0.45 µm Nylon-66 membrane fil-
ter (Rainin Instrument Co. Inc.) before use. HPLC was conducted on a Beckman
system Gold HPLC 126 using a reverse-phase column (Ultrasphere ODS, 5 micron,
4.6 µm ID × 25 cm). A Beckman Model 166 UV detector and a Packard Radiometric
Flo-one Beta Chromatography Model A-500 detector were used for the detection of
metabolites. Radioactive samples were counted on a Beckman LS6800 liquid scin-
tillation counter. Cocktail 3a70B was obtained from Research Prospect International

FIGURE 2. Structure of Genistein.



55BRUEGGEMEIER et al.: ESTROGEN BIOSYNTHESIS

Corp. (Mount Prospect, IL) and Ready Flow III was obtained from Beckman Instru-
ments. A Beckman J2-21 centrifuge was used to separate different cellular
components.

Estrogen Metabolism in Breast Cancer Cell Cultures

MCF-7 cells and MDA-MB-231 cells were maintained in plastic T-75 (75 cm2)
flasks in B-media, containing 10% fetal calf serum (FCS) and gentamycin (20 µg/
mL) at 37°C in a cell culture incubator (95% air, 5% CO2, moisture-saturated atmo-
sphere). In experiments, cells were seeded into T-75 flasks at a density of 3–4 × 106

cell/flask and treated with 100 nM genistein. Control samples contained 3H-estradiol
(100 nM, 2.5 µCi/flask) and ethanol only (10 µL). The medium was refreshed daily.
At day five, the medium was changed and cells incubated with 100 nM [6,7-3H]-
estradiol (2.5 µCi, 100 nM) or [6,7-3H]-estrone (0.5 µCi, 100 nM) and 100 nM
genistein for an additional 24 or 48 h. Zero-hour incubations were obtained by adding
radiolabeled E2 (100 nM), and the medium was removed immediately. Blank samples
were performed in a similar fashion without cultured cells. At the end of the 24 or
48 h, media were removed, 2 mL aliquots of aqueous 5% ascorbic acid added to the
media to minimize degradation of catechol estrogens, and media stored at −20°C. 

Separation of Estrogen Metabolites

The media from incubations were thawed, 10 g of ammonium sulfate added to
precipitate the proteins, and then centrifuged at 4°C for 20 min. The supernatant so-
lution was separated from the protein pellets, the latter washed three times with
equal volumes of ethyl acetate, and the washings added to the supernatant fraction.
The supernatant was extracted three times with equal volumes of ethyl acetate. The
organic layers were combined, dried using sodium sulfate, and the organic layers
were evaporated to dryness under a stream of nitrogen. The precipitate was dissolved
in 1 mL of 75% methanol in water. An aliquot of 10 µL was removed, combined with
4.5 mL of the cocktail, and counted by LSC. The rest of the solution was transferred
to smaller vials and evaporated under nitrogen. Finally, the precipitate was diluted
in 220 µL of 75% methanol in water containing E1, E2, and E3 as unlabeled standards
for HPLC analysis.

Aliquots (50 µL) of the organic-extractable metabolites were separated by
reverse-phase HPLC. The solvent system used for the separation of estrogen deriv-
atives consisted of solvent A (CH3CN/MeOH/H2O, 22/22/56, with 0.078% acetic
acid) and solvent B (CH3CN/H2O 40/60, with 0.2% acetic acid) with a flow rate of
1 mL/min. A multistep solvent gradient was used for elution of the compounds: 0–
19% B, linear gradient 15 min; 19–20% B, linear gradient 10 min; 20–100% B, lin-
ear gradient 6 min; and 100% B, isocratic 29 min. The system was returned to initial
solvent conditions and equilibrated for at least 30 min before the next injection. The
eluent was monitored with a UV detector at 280 nm, then combined with 3 mL of
Ready Flow III scintillation cocktail, and the radioactive metabolites detected by a
Packard Radiomatic Flo-one Beta radiometric chromatography detector A-500. The
radioactive detector was set to read tritium, with a flow rate of 3:1 (cocktail:solvent).
The efficiency of detection was 18%.
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Western Blots

MCF-7 cells were grown to subconfluence on 100 mm2 culture plates. The plates
were rinsed and replenished with defined media in the presence or absence of
genistein (100 nM). The cells were then lysed by three cycles of freeze/thaw in cold
lysis buffer [2 mM NaMO4, 2 mM NaVO3, 1 mM DTT, 1 µg/mL aprotinin, 1 µg/mL
leupeptin, 1 µg/mL PMSF, 1% Triton X-100, 20 mM Tris (pH 7.4), 2 mM EDTA,
25 mM NaF]. Cell debris was pelleted at 12,000 × g for 15 min, and the supernatant
cellular protein solution was stored at −80°C. Equal amounts (20 µg) of total cellular
proteins were mixed with an equal volume of 2% SDS in 20 mM Tris (pH 7.4), and
the proteins resolved by 8% SDS-PAGE. A polyclonal antibody to 17β-
hydroxysteroid dehydrogenase Type II (a generous gift from Dr. Van Lu The, Laval
University) was used for probing corresponding PVDF blots for 90 min, followed by
secondary antibody and ECL development.

Synthesis of Benzopyranone Library

Oxalyl chloride (1.1 mmol) was added dropwise to a cold (0°C) solution of bis-
TBS salicylic acid (1 mmol) in CH2Cl2 containing three drops of DMF. The resulting
solution was stirred at 0°C for 2 h and stirred at room temperature for 16 h. Solvent
was evaporated, triethylamine (3 mL) was added to the residue, and argon was bub-
bled through the solution for 5 min. An alkyne (5 mmol), Pd(PPh3)2Cl2 (5 mg), and
CuI (5 mg) were added, the reaction mixture was deoxygenated by bubbling argon
gas for 10 min, and the solution stirred at room temperature for 12 h. Methanol
(5 mL) was added to the reaction mixture and solvents evaporated. The residue was
dissolved in diethyl ether; the organic solution was washed with water, brine, dried
(Na2SO4), and concentrated. The residue was treated with anhydrous diethylamine
(10 mmol) and ethanol (1 mL) and stirred at room temperature under argon for 1 h.
The reaction solution was concentrated in vacuo, the residue resuspended in ethanol
(1 mL), and the solution heated to reflux overnight. The reaction solution was then
concentrated in vacuo, and the residue mixture was purified by flash chromatogra-
phy (SiO2; 18% ethyl acetate in hexane). All the synthetic products were character-
ized by 1H, 13C NMR, IR, and HRMS.

Breast Cancer Cell Cytotoxicity Assays

Cytotoxicity in the breast cancer cell lines, MCF-7 (ER+) and MDA-MB-231
(ER−), was determined using the MTS assay. For the MTS bioassay, breast cancer
cells were plated into 24-well plates (1.0 × 104 cells/well), and after 24 h the culture
medium was removed and cells washed with PBS. Cells were then incubated in de-
fined media for 48 h. Cells were then treated with benzopyranone analogs (1 µM) in
defined media (1.0 mL/well) at 37°C for 7 days, with media changed every two days.
At the end of the incubation period, 20 µL of a solution of 3-(4,5-dimethylthiazol-2-
yl)-5-(3-carboxymethoxy phenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS) and
phenazine methosulfate (PMS) was added to each well, and the culture plates incu-
bated for 2 h at 37°C. Absorbance at 490 nm was measured (reference wavelength
is 700 nm) using a SPECTRAmax plate reader.
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Aromatase Assay

The amount of inhibition was determined by following the tritium released as
3H2O from [1β-3H]androst-4-ene-3,17-dione and used it as an index of estrogen for-
mation.47 [1β-3H]Androst-4-ene-3,17-dione (200,000–250,000 dpm, 70 nM) and a
concentration of inhibitor (1.0 µM) was preincubated with propylene glycol (100
µL) and the NADPH regeneration system (1.8 mM β-NADP+, 2.85 mM glucose-6-
phosphate, and 1.5 units of glucose-6-phosphate dehydrogenase) at 37°C for 5 min.
Placental microsomes suspended in a 0.1 M sodium phosphate buffer, pH = 7.0, and
warmed to 37°C were added to the incubation to make a final volume of 2.0 mL
(which contained a total of 30 to 50 µg protein). The assay was quenched after 15
min by the addition of CHCl3 (2.0 mL). The samples were vortexed (15 s) and cen-
trifuged for 10 min. The water layer was then extracted two more times with CHCl3.
Aliquots of water (0.5 mL) were mixed with scintillation cocktail (5.0 mL), and the
amount of radioactivity was determined. The amount of inhibition was determined
as a percent of the control, which was incubated without any inhibitor. Assays were
all run in triplicate and repeated at least twice for each inhibitor.

RESULTS

Effect of Genistein on Estrogen Metabolism in Human Breast Cancer Cells 

To study effects of the flavonoid genistein on the estrogen metabolism in cancer
cells, MCF-7 and MDA-MB-231 cells were treated with genistein (100 nM) for four
days, and the metabolism of radiolabeled E2 or E1 (100 nM) was examined and com-
pared to untreated cells. After incubating cells and extracting estrogens from the cul-
ture media, the organic soluble materials were separated and detected by radiometric
HPLC. A multistep solvent gradient system consisting of solvent A (acetonitrile/
methanol/water, 22/22/56, with 0.078% acetic acid) and solvent B (acetonitrile/wa-
ter 40/60, with 0.2% acetic acid) provided baseline separation of known estrogen
metabolites.

Different profiles of E2 metabolism were observed between untreated MCF-7 and
MDA-MB-231 cells. First, the major metabolite of E2 formed in all cases is E1
(TABLE 1, FIGS. 3 and 4), although differences were observed between the cell lines.
Approximately 9.3% of E2 was converted to E1 in untreated MCF-7 cells at 24 h.
This is consistent with a previous study of MCF-7 cells and other ER(+) cells.48 In
contrast to the MCF-7 cells, untreated MDA-MB-231 cells converted approximately
32.0% of E2 to E1 at 24 h. These results confirm that 17β-hydroxysteroid dehydro-
genase Type II (17β-HSD Type II) activity is the predominant oxidative pathway for
the hormone-independent breast cancer cell lines. Further, the oxidative 17β-HSD
Type II seems to be more active in MDA-MB-231 cells than that of MCF-7 cells. The
major metabolite of E1 formed in MCF-7 cells is E2, with 9.1% in control and 11.6%
in genistein-treated, at 24 h incubation. Thus, genistein treatment did not significant-
ly change the conversion from estrone to estradiol.

Treatment of breast cancer cells with genistein resulted in elevated conversion of
E2 to estrogenically weaker or inactive metabolites. The 24-h treatment of the cells
with genistein resulted in a 77% increase in the conversion of E2 to E1 in MCF-7
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cells, and no significant difference was observed in MDA-MB-231 cells. The other
metabolites of E2 induced by genistein in both breast cancer cell lines were me-
thoxyestrogens. Genistein treatments increased 2- and 4-methoxyestradiol forma-
tion at 24 h to 3.1% in MCF-7 cells and 20.2% in MDA-MB-231 cells, compared to
conversions in untreated cultures of 1.9% in MCF-7 cells and 4.8% in MDA-MB-
231 cells. Since these metabolites arise from the catechol estrogens, this suggests
that genistein increases activity of estrogen 2/4-hydroxylases.

Thus, genistein treatment of breast cancer cells resulted in increased oxidative
17β-HSD Type II activity (which converts E2 to E1) and elevated formation of E1,
particularly in the hormone-dependent MCF-7 cells. On the other hand, the reductive
17β-HSD Type I activity was unchanged upon genistein treatments. The amount of
17β-HSD Type II present in MCF-7 cells was determined using Western blot analy-
sis. The relative levels of 17β-HSD Type II increased approximately 72% in MCF-7
cells treated with genistein compared to vehicle-treated control cultures (FIG. 5).

Synthesis and Biological Activity of the Benzopyranone Library

The existing synthetic methods described in the flavonoid literature were not ide-
ally suited for the synthesis of diverse benzopyranone libraries. The prevalent liter-
ature methods suffered from harsh conditions, low yields, and poor substituent
tolerance. We have developed a method of construction of the benzopyranone nucle-
us by an 6-endo-trig cyclization of o-hydroxyphenyl enaminoketones, as shown in

FIGURE 3. Estradiol Metabolism in Genistein-treated MCF-7 Cells. MCF-7 cells
were treated with 3H-E2 (100 nM) and genistein (100 nM) for 0 to 48 h. Reverse-phase
HPLC analysis of organic-soluble steroids was performed as described in the Materials and
Methods section (n = 4).
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SCHEME 1.49 Since our first report, three communications recently appeared describ-
ing other synthetic approaches to benzopyranones.50–52

Our novel synthetic route for benzopyranones utilizes readily available salicylic
acids and terminal alkynes as starting materials. Our initial studies identified reac-
tion conditions using oxalyl chloride that provide unsubstituted salicyloyl chlorides,
which are readily coupled to terminal alkynes to form alkynones (SCHEME 1, Step 1).
The alkynones are formed by coupling the acid chlorides with terminal alkynes em-
ploying Sonogashira conditions of Pd(PPh3)2Cl2 and CuI catalysts in an amine sol-
vent. The acid chloride generation and subsequent coupling are done in a single
reaction vessel. These conditions proved successful for the coupling of several sali-
cylic acid derivatives and a diverse set of alkynes, resulting in the desired alkynones
in 70–95% yield.

The cyclization of the alkynones was accomplished using a secondary amine in
ethanol (SCHEME 1, Step 2). Removal of the TBS group enabled the free phenolic
hydroxyl to effect the 6-endo-trig cyclization to yield benzopyranones. Conversion
of the alkynones to enaminoketones and subsequent cyclization to flavones was ef-
fected in a single step. Ethanolic solutions of alkynones refluxed with 10 equivalents
of diethylamine for 24 h underwent cyclization to give the benzopyranones via
enaminoketone intermediates. The competing 5-exo-dig cyclization yielding benzo-

FIGURE 4. Estradiol Metabolism in Genistein-treated MDA-MB-231 Cells. MDA-
MB-231 cells were treated with 3H-E2 (100 nM) and genistein (100 nM) for 0 to 48 h.
Reverse-phase HPLC analysis of organic-soluble steroids was performed as described in the
Materials and Methods section (n = 4). 
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furanones was not observed under these conditions. Thus, the synthesis of flavones
with diversity on the benzopyranone moiety and at the C-2 position occurs with good
to excellent yields using these reaction conditions, resulting in an initial benzopyra-

TABLE 1. Estradiol metabolism in breast cancer cells: Comparison of untreated vs.
genistein-treated cells

nmol Product formed in 24 h

P < 0.05Untreated Genistein-treated

MCF-7 cells 

E2   →   E1 0.931 ± 0.046 1.655 ± 0.121 Yes,  77%↑
9.31% conversion 16.55% conversion

E2   →  MeOEs 0.195 ± 0.035 0.316 ± 0.018 Yes,  62%↑
1.95% conversion 3.16% conversion

E1  →  E2 0.914 ± 0.098 1.156 ± 0.253 No

9.14% conversion 11.56% conversion

MDA-MB-231 cells 

E2   →  E1 3.206 ± 0.300 3.774 ± 0.217 No

32.06% conversion 37.74% conversion

E2  →  MeOEs  0.477 ± 0.018 2.018 ± 0.070 Yes, 323%↑
4.77% conversion 20.18% conversion

FIGURE 5. Genistein Elevates 17�-HSD Type II Levels in MCF-7 Cells. MCF-7
cells were treated with genistein (100 nM) for 48 h. Cellular proteins were isolated and an-
alyzed by Western analysis, as described in the Materials and Methods section (n = 3).
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none library of 30 compounds (FIG. 6). The benzopyranone products were charac-
terized by NMR, MS, and HPLC.

The biological activities of this initial benzopyranone library were assessed in
two bioassay systems. The first bioassay evaluated the effects of the agents on the
growth and cytotoxicity of MCF-7 cells and MDA-MB-231 cells. Differential activ-

SCHEME 1. Synthesis of Benzopyranones.47

FIGURE 6. Initial Benzopyranone Library.
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ities were observed with clusters of structurally similar compounds at concentrations
of 1.0 µM (FIG. 7), and this bioassay permits identification of library compounds for
further detailed analysis. Similarly, several compounds in the library inhibited aro-
matase at 1.0 µM concentration (FIG. 8).

CONCLUSIONS

Thus, treatment of breast cancer cells with the phytoestrogen genistein resulted
in increased oxidative 17β-HSD Type II activity and elevated formation of E1, par-
ticularly in the MCF-7 cells. Also, the observed increases in methoxyestrogen me-
tabolites suggest that 2- and 4-hydroxylase and/or catechol O-methyl transferase
(COMT) activity are elevated by genistein. Thus, exposure of breast cancer cells to
genistein results in elevated conversion of E2 to estrogenically weaker or inactive
metabolites. Furthermore, genistein treatment increased formation of 2-
methoxyestradiol, a metabolite that has demonstrated antitumor activity. These re-
sults provide a possible explanation for the chemoprotective effects of certain dietary
isoflavones and isoflavanoids, that is, enhanced formation of inactive estrogen me-
tabolites and potential antitumor agents in the local breast-tissue microenvironment.

The low molecular-weight, fairly rigid benzopyranone nucleus of flavonoids con-
tains multiple sites of potential chemical diversity, and this basic chemical structure
can serve as an ideal template for combinatorial libraries. The design and synthesis
of an initial benzopyranone combinatorial library was accomplished under mild re-
action conditions, at high yields, and utilized diverse sets of terminal alkynes and

FIGURE 7. Effects of Benzopyranones on Breast Cancer Cell Growth. Cell cultures
were treated with 1.0 µM of the benzopyranone as described in the Materials and Methods sec-
tion (n = 4). Abbreviations: 4-OHT = 4-hydroxytamoxifen; Gen = genistein; ICI = ICI 182,780.
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salicylic acids. The initial combinatorial library of synthetic benzopyranones has re-
sulted in agents exhibiting enhanced and differential activities on breast cancer cell
growth and on aromatase inhibition. Synthetic efforts are continuing and focus on
the development of more selective agents for molecular targets in breast cancer.
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