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ABSTRACT

N-3 polyunsaturated fatty acids (PUFA) and genmshaive been associated with lowered
cancer risk by reducing inflammatory prostanoiggl@oxygenase-2 (COX-2) activity, and
altering cell signaling. Few studies have invesig the effect of these compounds in
combination on the molecular control of the COXeheg. In a series of experiments we
examined a potential synchronous action of n-3 PldRé genistein in down-regulating COX-2
expression to diminish prostaglandin (BGE) production in MDA-MB-231 human breast
cancer cells. Cells were treated with genistesh\arious PUFA including arachidonic acid
(AA), eicosapentaenoic acid (EPA), and docosaheiaarid (DHA). PGEconcentrations,
expression of COX-2, and cell invasiveness wererdghed. The n-3 PUFA and genistein
alone lowered PGEconcentration, and genistein in combination with reversed the high level
of this prostanoid in cell cultures enriched witA.AThe degree of cell invasiveness was
reversed by genistein in cell cultures treated Withand further reduced in those given DHA.
The n-3 PUFA, in contrast to AA, reduced COX-2 &lt&kB expression. Genistein combined
with AA reversed the effects of AA alone on the mgsion of COX-2 and NdB. All three fatty
acids increased the expression of PRARthe cells only when combined with genisteinurO
results support the premise that DHA and genisigart complementary actions whilst genistein
is antagonistic to AA for controlling PGEproduction as well as invasiveness of MDA-MB-231

cells in culture by modulating the level of kB expression.
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INTRODUCTION

Variation in the incidence of cancer around theléva, in part, attributed to the
significant difference in dietary patterns for fated phytochemicals such as those in the U.S.
compared to Japan. Cancer is the second leadisg od death, while breast cancer is the most
common type of this disease among Americans with7lwomen developing breast cancer (1).
In contrast, the incidence and mortality ratesreBbt cancer in Japanese women are only one-
third of those in Americans (2). Although the saté breast cancer are much lower in Japan,
they have continually climbed in the past 30 yearthe diet in Japan has become more
westernized similar to that in America.

In the past four decades, Japanese have incrdeseddnsumption of animal products
and calories from fat while decreased their intalkgrains (3). Meat consumption has increased
7-fold and dairy (which includes conjugated linolacids) up to 4-fold in Japan. Since animal
products are the principle sources of arachidocit AA), the change in the Japanese diet has
resulted in an extraordinary rise in the amoum-6fpolyunsaturated fatty acids (PUFA) thus
elevating the ratio of n-6/n-3 PUFA. Regardlesthef increase, in 2000 the estimated dietary
ratio of 4:1 for n-6/n-3 PUFA in Japan is still siterably lower than the 10:1 to 15:1 range in
the American diet (4). The major dietary sourdes-8 PUFA (eicosapentaenoic acid EPA and
docosahexaenoic acid DHA) in the Japanese diatdedish, shellfish, and seaweed.

In addition to the high n-3 PUFA intake, Japaneseuame several soy containing food
products. Individually, n-3 PUFA or soy componemse been implicated in epidemiological
(5,6), cell culture, and animal studies (7,8) tayp role in reducing the risk of breast cancer.

However, few studies (only two) have investigatesl tombined effects of n-3 PUFA and soy



genistein on breast cancer (9,10). Consideringthiese food components, n-3 PUFA and soy
genistein, are usually consumed as part of thg dappanese diet, often together in the same
meal, they may provide additive or synergistic biered effects to protect against chronic
diseases.

The most prominent mechanism for the chemopreveiition of n-3 PUFA is their
suppressive effect on the production of AA-deripedstanoids, particularly prostaglandin E
(PGE,). This prostanoid has been implicated to plagitecal role in immune response to cancer
cells, inflammation, cancer cell proliferation,fdifentiation, apoptosis, angiogenesis, and
metastasis (7). The n-3 PUFA compete with n-6 Pi#fAncorporation into the membrane
phospholipids (11), for the activity of elongasesd desaturases involved in the conversion of 18
carbon to 20 and 22 carbon PUFA, and for cycloorgge (COX) catalytic sites (12).
Moreover, some studies proposed that n-3 PUFA dagntate COX-2 expression (13) by
affecting nuclear transcription factors, and attgrsignal transduction and cell signaling (14).
Importantly, EPA-derived PGHS much less efficient compared to PGiEinducing COX-2
expression (15) and it is a weaker inflammatorynages).

Genistein was reported to lower PGioduction in mesangial cells and macrophages
(17,18). Genistein may lower PgEy blocking the mitogen-activated protein kinagmaling
cascades (19) that activate the transcription®f0®X-2 gene, or as a potent peroxisome
proliferator activated receptor gamma (PRARyand increasing peroxisome proliferator
response element (PPRE) transcriptional activigoatentrations of 5 umol/L (20). Genistein
has also been demonstrated to activate PPRE tiinscal activity through PPARIN HeoG2
human hepatoma cells (21). Activation of PPREW&en associated with the inhibition of

nuclear factor kappa B (MB) activity and a consequential reduction in CO¥x@ression (22).



In addition, genistein can act via a PPBARdependent mechanism to inhibit RB-activation
and the binding of NiEB to DNA (23,24). Therefore, genistein can potaitireduce the level
of COX-2 protein and PGEproduction by altering NéB signaling as demonstrated in
macrophages (18).

In the present investigation, n-3 PUFA and genistegre hypothesized to synergistically
suppress AA-derived PGproduction and COX-2 expression in MDA-MB-231 cancells to
decrease cell invasiveness. MDA-MB-231 is a highixasive cancer cell line that
overexpresses COX-2. The effects of n-6 PUFA caatgto n-3 PUFA alone and in
combination with genistein were studied on B@Bduction and COX-2 expression. Levels of
NF«B and PPAR, the nuclear factors involved in the transcripttdrfCOX-2 gene, and the

invasive capacity of the cells were also examined.

MATERIALSAND METHODS

Cdlsand reagents. The MDA-MB-231 human breast cancer cell line waschased
from American Type Culture Collection (ATCC, ManassVA). Iscove’s Modified Dulbecco
Medium (IMDM) and fetal bovine serum (FBS) wereabed from Sigma (St. Louis, MO) and
antibiotic-antimycotic solution from Invitrogen (@sbad, CA).

The following were also purchased: AA, EPA, and DEA9% purity) from Nu-Chek-
Prep (Elysian, MN); fatty acid free-bovine seruruhin (BSA), dimethyl sulphoxide (DMSO),
formalin solution (4% formaldehyde), and methyl&hge from Sigma; genistein (5,7,4'-
trihydroxyisoflavone, >99% pure) from Indofine Cheal Company, Inc. (Hillsborough, NJ);

tetradecanoyl phorbol acetate (TR299% purity) from Calbiochem (San Diego, CA); and



ethanol from AAPER Alcohol and Chemical Co. (Sheibg, KY). All other chemicals, unless
noted, were purchased from Sigma.

STAT-Prostaglandin Eassay kits were purchased from Cayman Chemical @bor,
MI), Matrigel and filter inserts from BD BioscierséBedford, MA), RNAquaeo{s4PCR kit
from Ambion (Austin, TX), iScript” cDNA Synthesis kit from Bio-Rad (Hercules, CA),
SYBR® Green PCR master mix from Applied Biosystems (\Mgton, UK) and all primers

from Sigma-Genosys (Woodlands, TX).

Cdl culture. MDA-MB-231 cells were routinely maintained in IMIDsupplemented
with 10% FBS and 1% antibiotic-antimycotic solut@n37°C in 5% C@ Cells from passages

5 to 40 were used for the experiments.

Fatty acid enrichment and genistein treatment. Treatment media with fatty acids were
prepared by addition of fatty acids dissolved imaebl (< 0.1% ethanol) into IMDM at a ratio of
BSA to fatty acids of 2:1 (500mol/L BSA) as described previously (25). For tneants with
genistein, the medium was prepared by additioreafggein dissolved in DMSO to the medium
immediately prior to use, maintaining a 0.1% comnigion of DMSO in the medium. The

media for the control cell cultures contained orgficle (BSA, DMSO, or BSA plus DMSO).

PGE; assay. MDA-MB-231 cells were seeded at 30,000 cells/well2-well plates for 3
days until 90% confluent. After 24 hr of treatmerith fatty acid and/or genistein supplemented
medium, cells were washed with PBS then treateld WiDM containing 10% FBS and 10

nmol/L TPA for 24 hr. TPA was dissolved in DMS({rio exceed 0.1% in the medium).



Samples of cell culture media were collected an&R@®ncentrations analyzed with a

competitive enzyme immunoassay kit (STAT-Prostagjlaif,).

Invasion assay. The invasion capacity of MDA-MB-231 cells was exaed using a
modified Boyden chamber Matrigel invasion assay.(Z8ells were grown to ~90% confluency,
serum starved for 24 hr, followed by 24 hr treattveith PUFA and/or genistein. At the end of
the treatment period, 2 x 16ells suspended in fresh treatment medium weredattdthe upper
compartment of the Boyden chamber and treatmeniumecbntaining 10% FBS was added to
the lower chamber. Boyden chambers were prepareddting the upper surface of track-
etched polyethylene terephthalatpr-pore size filter inserts with §&g/cnf Matrigel. After
cells were incubated for 18 hr at 37°C, the invacits on the lower side of the membrane were
fixed with formalin solution (4% w/v formaldehyde 0% neutral buffered AFIP formulation)
and stained with 0.2% methylene blue. The filtgese examined by microscopy and results
were expressed as percentage of invaded celle itngatment group compared to those in the

control group.

Quantitative real-time PCR. Cells were cultured in 6-well plates until 90%mtiaent
followed by treatment with fatty acid and/or geaistsupplemented media for the times
selected. Total RNA was isolated using an RNAqugedPCR kit. The yield and quality of
the RNA were assessed by UV absorbance at 2608hdrg, respectively. First strand cDNA
for COX-2, NRB, PPARy, andB-actin were synthesized fromuty RNA using an iScript’
cDNA Synthesis kit. Quantitative real-time PCR wasformed in 96-well optical plates using

the ABI Prism 7700 Sequence Detection System (&gdiosystems, Warrington, UK).



Briefly, 1 ul of the cDNA product, 12.5l of SYBR® Green PCR master mix, Qubnuclease-
free water, and {l (25 pmolefl) each of the forward and reverse primers, wededdo each
well to a final volume of 2%l. All primers were designed using Primer Exp@eSsﬂware v2.0
(Applied Biosystems). Primer sequences for theegevere as follows: COX-2 forward:
GAATCATTCACCAGGCAAATTG, COX-2 reverse: TCTGTACTGCG®IGGAACA, NKB
forward: GGCTACACCGAAGCAATTGAA, NiB reverse: CAGCGAGTGGGCCTGAGA,
PPARy forward: GGCTTCATGACAAGGGAGTTTC, PPARreverse:
AAACTCAAACTTGGGCTCCATAAA, B-actin forward: CCTGGCACCCAGCACAATS-
actin reverse: GCCGATCCACACGGAGTACT. The thernettisgs for PCR were 50°C for 2
min, 95°C for 10 min, 95°C for 15 sec, and 59°CZXanin [40 X]. Additional steps at 95°C for
15 sec, 59°C for 20 sec, and 19 min 59 sec tempereamp to reach 95°C and held for 15 sec
were performed to construct thermal dissociatiowesito confirm the absence of nonspecific

amplification.

Statistical analyses. Data were analyzed by either a Student’s t-teshe-way
ANOVA. For ANOVA analysis, where significant difiences were found, a Tukey’s multiple
comparison test was performed at a probability ef@P05 (SAS software, SAS Institute Inc.,
Cary, NC). All data are presented as means + S&3 astandardized differences calculated from

the difference between values of treatment andrabditvided by the pooled SEM.
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RESULTS

PGE; biosynthesis. To determine whether PUFA act alone or in contimnavith
genistein to affect PGEsynthesis, MDA-MB-231 cells were treated for 24hd subsequently
treated with TPA for an additional 24 hr. Fir$ke effect of genistein alone was characterized on
PGE production. Genistein dose-dependently reducecmthount of PGEproduced by MDA-
MB-231 cells compared to the vehicle control (Fegirpanel A). The suppression observed in
cells treated with genistein was 11% at [In@ol/L and 13% at 2.fmol/L compared to the
vehicle control. The effect of DHA on P@Eynthesis was also determined. DHA showed dose-
dependent reduction of P@Eynthesis in MDA-MB-231 cells compared to the e&hcontrol
(Figure 1 panel B). The production of PGE cells treated with AA was 57-fold higher
compared to the vehicle control (Figure 1 panel @)e addition of genistein to cells enriched
with AA reduced the amount of PGBy 26% compared to the treatment of AA alone.hBot
EPA and DHA treatments [long chain (LC) n-3 PUFAllwand without genistein resulted in
significantly lower amounts of PGHn cells compared to the AA treatment. Importgrithe
treatment of DHA with genistein resulted in a 3®vér concentration of PGEompared to the

vehicle control (Figure 1 panel C, insert).

Invasion assay. The Matrigel invasion assay was performed to exawhether the
changes in PGEconcentrations resulting from PUFA and genisteatinents correlated with
the invasive phenotype of the MDA-MB-231 cells. ni3ein alone at 1Amol/L significantly
reduced the number of cells invading the membran&0B6 compared to the vehicle control

(Figure 2). At concentrations lower than@ol/L, genistein did not significantly affect the
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invasive capacity of MDA-MB-231 cells (data not slm). Treatment of cells with AA
increased invasion by 40% compared to the vehmhral. However, simultaneous addition of
genistein with AA abolished the effect of AA on cancell invasiveness. Thus, genistein
treatment with AA attenuated the cancer promotifiece of this n-6 PUFA on breast cancer
cells. In contrast, DHA significantly reduced isi@n by 27%, and with the addition of
genistein a further decline in the number of invhdells was observed (a decrease of 61%
compared to the vehicle control). EPA alone ditlaftect the invasiveness of the cells when
compared to those in the vehicle control. Thesaifigs indicate that genistein blunted the
invasiveness of breast cancer cells subjected t@aAdmarkedly reduced invasiveness when

treated simultaneously with DHA.

Expression of COX-2, PPARy, and NFxB genes. The effect of genistein at
concentrations ranging from 0.1 to 218! on the expression of COX-2 gene in MDA-MB-231
cells was determined after 24 hr treatment (Fi@)reNo significant change in the level of
COX-2 mRNA was detected using quantitative reaktiPfCR method. The effects of 24 hr
treatments with PUFA at 5@mol/L (with and without genistein, 0 and Zifol/L) on the
transcription rate of COX-2, PPARand NkB were also investigated using quantitative real-
time PCR in MDA-MB-231 cells. The EPA and DHA teeents including those with genistein
led to reduced COX-2 mRNA levels compared to th@ate control, but AA did not show a
suppressive action on COX-2 transcription unlesstioned with genistein (Figure 4 panel A).
Importantly, genistein alone did not affect thedlesf COX-2 mRNA (as also shown in Figure
3) and hence the suppression observed in the A&\geuistein treatment was an effect exclusive

to the combination of these compounds. This figdinggests that genistein has a protective
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effect by reducing the action of AA on COX-2 at thenscription level to the same extent
achieved by LC n-3 PUFA treatments. To furthedgtbow PUFA and genistein impact the
mechanism involved in the molecular control of @@X-2 gene expression, the effects of these
dietary components on PPARNd NkB genes expression were also examined. Genistein
treatment alone at the concentration used hadgmifisant effect on mRNA levels for both
PPARy (Figure 4 panel B) and MB (Figure 4 panel C). The combination of all PUFA
treatments with genistein resulted in a higherlle¢® PARy mMRNA, however, EPA alone
reduced this transcription factor in these ceBsth LC n-3 PUFA independent of genistein
addition significantly reduced the levels of dBF-mRNA. In contrast, the addition of genistein
was necessary to lower NBE mRNA in cells treated with AA (Figure 4 panel Q)ooking at

the expression pattern of COX-2, PPARNd NKB, it can be deduced that suppression in
COX-2 gene transcription concurred with the incegasPPAR expression and the decrease in
NF«B expression. The changes in mRNA levels for PPPARD NkB involved in the molecular
control of the COX-2 gene with treatment of LC R3FA and genistein might suggest a dietary
means to attenuate COX-2 protein amplification eisded with the invasive phenotype of the
MDA-MB-231 human breast cancer cells. Our studp &bund that the changes in the gene
expression levels of PPARNd NKB did not take place at the 2 hr and 8 hr treatrdertions
although the changes in the expression of COX-2 ge&s observed at 8 hr (data not presented).
This finding may suggest that physiological concatiins of n-3 PUFA and genistein
maintained for long duration are effective to sus@OX-2 gene suppression through their

actions on PPARand NkB.
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DISCUSSION

The chemopreventive capacity of LC n-3 PUFA haslmBeumented in the past two
decades. Evidence suggests that LC n-3 PUFA amitzggdA-derived prostanoid formation
through mechanisms involving substrate replacensgrztyme competition, signal transduction,
and modulation of gene expression (7,27). Gemistas also been reported to have
chemopreventive actions in cancer cells (28,29),tannhibit COX-2 expression and P&E
production (18,30).

The present investigation demonstrated that genistduced the synthesis of P&GR
MDA-MB-231 human breast cancer cells that overesptbe COX-2 gene. Genistein, at a
physiological concentration (2Bmol/L) reduced the production of PRy 13%. This
significant finding indicates that genistein sugsed PGEproduction at a much lower
concentration (which can be achieved by diet) {hr@viously reported (18). Plasma
concentrations of genistein were found to be as hgggumol/L in subjects receiving dietary
intervention (31) while the serum concentratiogeinistein in Japanese male subjects not

receiving any dietary intervention was approxima@bpumol/L (32). Therefore, the 2.5

pmol/L genistein used in the present study is relet@an achievable dietary level and validates

the findings on prostanoid synthesis in breast eaoells.

When MDA-MB-231 cells were exposed to AA and geziistthe level of PGEwvas
reduced compared with those treated with AA aldimecells treated with EPA, a prostanoid
precursor, the level of PGproduced was substantially lower than that insceélated with AA.

However, nearly a 50% higher P&&bncentration was observed in EPA-treated celtspaved

to the vehicle control. Since the antibody for B@g&ed in this assay had a 43% cross-reactivity

with PGE;, the apparent increase in PGioncentration observed in EPA-treated cells
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(compared to the vehicle control) was likely duamoincrease in EPA-derived PgBot PGE.
Indeed, treatment of A549 human lung cancer cetls 50 uM EPA was shown to boost PGE
synthesis and increase the ratio of R&EPGE level 10-fold by the preferential action of COX-
2 over COX-1 enzyme (33). Moreover, it has bed¢aldished that the MDA-MB-231 cells
express a low level of COX-1 and that prostanoittisssis in these cells is catalyzed mostly by
the constitutively high level of COX-2 (34). Whealls were treated with DHA, a non-PG
precursor, we demonstrated that DHA dose-dependestliced the synthesis of P&HN a
separate experiment to determine the effect of DiHeéombination with genistein on PGE
production, treatment with DHA alone tended to lote PGE concentration (although not
significant), and cells treated with DHA and gesiistin combination had the level of PGE
further lowered. Hence, our data provide eviddocan additive effect of DHA plus genistein
in suppressing the endogenous production of AGEIDA-MB-231 cells.

In our study, treatments with LC n-3 PUFA reducé&dC2 mRNA level independent of
the addition of genistein. This is not surprissimgce both DHA and EPA were reported to lower
COX-2 expression by blocking the toll-like receptoediated pathway thereby inhibiting K&
activation (35). Treatments with AA, on the othand, showed reduction in COX-2 mRNA
level only when combined with genistein. We obedrthat the reduction in COX-2 expression
coincided with increased PPARXpression and lowered KB expression. Our observation is
consistent with another study in which cervicalaarcells treated with PPARigand had
upregulated PPARexpression, suppressed binding activity okRFand reduced expression of
COX-2 gene (36). Genistein has been shown toatetivPAR (20), and to inactivate NdB or
prevent NkB binding to DNA (37). We propose that LC n-3 PU&#t complementarily with

genistein to increase the transcription of PRARd decrease the transcription ofdBRo
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suppress the expression of COX-2. Sinc&BlRas two binding sites on the COX-2 promoter
(37), it is feasible that the addition of genist&rcells enriched with AA led to inactivation of
NF«B, mediated through higher expression of PRARDby direct effect on Né&B, to reduce the
transcription of the COX-2 gene. When genisteis wacombination with EPA or DHA,

genistein did not enhance the suppression of C@x¥r2 expression but worked through another
mechanism (likely to also involve PPARO lower PGE production and the invasive phenotype
of the cancer cells. It is also noteworthy thdivation of PPRE may directly induce the COX-2
gene promoter (38), however, since there are ttes §or NiB and only one for PPRE which is
located much further upstream from the start diteamscription compared to the NE sites, it
seems that suppression of ®-may override activation of PPRE.

From our investigation, the chemopreventive eftédtC n-3 PUFA and genistein may
be three-fold. First, we observed that treatmatit @HA and genistein reduced the synthesis of
PGE, a compound implicated in carcinogenesis andnmfi@ation. Second, EPA and DHA
lowered the expression of COX-2 anddRo decrease the production of PGHhe lowering
effect of EPA and DHA on NB transcription in the same breast cancer cellsokasrved in
our laboratory with stearidonic acid (18:4n-3) ehment (25). Third, genistein blocked the
actions of AA on PGE; cell invasiveness, and COX-2 and«fBFexpression.

Simultaneous targeting of COX-2 and PPARs been suggested as a powerful
mechanism to lower the risk of cancer (39). Weeolr=d that LC n-3 PUFA effectively
downregulated PGEproduction, along with DHA being a potential ligafor RXRa (40) and
genistein as a PPARigand, they appear to work together to activaeeRPRE trans-
suppression of pro-inflammatory and pro-carcinoggeanes (e.g. NdB). In breast cancer cells,

including the MDA-MB-231 cell line used in our syydreatment with 15-d-PGJivas reported
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to induce apoptosis (41) and inhibit proliferat{@2). Therefore, our study is the first to evoke a
complementary nature of DHA and genistein that walder or decrease the flux through
prostanoid pathways.

Intakes of foods containing LC n-3 PUFA and geirisiteay be an effective strategy to
reduce the risk of breast cancer by downreguldtiegoroduction of pro-inflammatory cytokines
and invasiveness of cancer cells. Importantly shidy found that in AA-treated human cancer
cells, genistein effectively lowered P&&s well as the expression of COX-2 anckBF
suggesting a potential cancer protective effesogfproducts in Japanese populations that
recently began consume increasing amount of diet& Yy UFA (arachidonic acid). Figure 5
illustrates possible targets for the proposed amistic effect of genistein on AA and its
complementary actions with DHA on prostanoid sysiie Genistein antagonized the effect of
AA but complemented those of EPA and DHA on molacahd biochemical controls for P&E
production. We found in this study that genistaeicombination with EPA and DHA affected
the expression of COX-2; however, additional redeanust confirm changes in the
transcriptional activity of the COX-2 gene by varsatranscription factors and the dietary factors

used in this investigation.
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Fig. 1. The effects of PUFA and genistein on the praduoctf PGE. In panel A, genistein
dose-dependently reduced PGIEMDA-MB-231 cells. Subconfluent cells were trec

with genistein for 24 hr and were subsequently aediwith 10 nmol/L TPA for an
additional 24 hr. Vehicle control cells were tegatvith 0.1% DMSO. Asterisks on bars
indicate significant difference from control (P 08) by two-tailed Student’s t-test (n = 2).
In panel B, DHA dose-dependently reduced RP&fathesis. Subconfluent cells were treated
with DHA for 24 hr and were subsequently inducethviO nmol/L TPA for an additional 24
hr. Vehicle control cells were treated with BSKetters on bars indicate significant
difference (P<0.05) by Tukey’s multiple comparigest (n=3). In panel C, n-3 PUFA and
genistein in combination reduced the synthesisGER Subconfluent cells were treated
with 200pumol/L PUFA and 2.5umol/L genistein for 24 hr and were subsequentlyasdi
with 10 nmol/L TPA for an additional 24 hr. Veheatontrol cells were treated with 100
pmol/L BSA and 0.1% DMSO vehicle. Letters on badicate significant difference (P <
0.05) by Tukey’s multiple comparison test (n = 3he data shown is indicative of three

separate experiments.
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Fig. 2. The effects of PUFA and genistein on Matrigekision capacity of MDA-MB-231
cells. N-3 PUFA and genistein in combination restiicell invasiveness. Subconfluent cells
were serum-starved for 24 hr followed by treatmweitih vehicle control (10@umol/L BSA +
0.1% DMSO), PUFA (20@umol/L) and/or genistein (1@mol/L) for an additional 24 hr.

Cells were subsequently placed into the Boyden bleasnwith fresh treatment media for 18
hr. Results are expressed as % invasion compaitbe tehicle control cells (V-CTRL,
100% invasion) represented by the dotted linetekgon bars indicate a significant
difference (P < 0.05) by Tukey’s multiple comparnidest (n = 4). The data shown is

indicative of two separate experiments.

Fig. 3. Genistein did not affect the expression of COX-BegeSubconfluent MDA-MB-231
cells were treated with genistein at concentratibts 1.0, and 2.amol/L in serum-free
media for 24 hr. The value from vehicle contrdi&eated with 0.1% DMSO was set at 1
and represented by the dotted line. For each sani@ G (threshold concentration) values
for the COX-2 gene was adjusted to thef@ the control geng-actin ACT = CTcoxa—
CTaciin). TheACT values were further normalized to th€T of the vehicle controlACT =
ACTyeatmen— ACTcontro).  The relative quantity of the gene in a treathggnup compared to
the control was calculated by*4". Bars represent mean values (n = 2). Significant

difference from control (*) was calculated by a ttaded Student’s t-test (R 0.05).
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Fig. 4. The effects of PUFA and genistein on COX-2 §&), PPAR (panel B), and
NF«B (panel C) genes expression. Subconfluent MDA-BB-cells were treated with 50
pmol/L PUFA and/or 2.5umol/L genistein in serum-free media for 24 hr. Ta&ies from
vehicle control cells treated with 28nol/L BSA and 0.1% DMSO were set at 1 and
represented by the dotted line. For each sanpeGt (threshold concentration) values for
the gene of interest was adjusted to thédC the control geng-actin ACT = Crgene—

CTacin). TheACT values were further normalized to th€T of the vehicle controlACT =
ACTyeatmen— ACTcontro).  The relative quantity of the gene in a treathggnup compared to
the control was calculated by*4". Bars represent mean values (n = 2) and aregitigicof
two experiments. Significant difference from coh{*) and from PUFA only treatment (1)

is calculated by a two-tailed Student’s t-tesk(@.05).

Fig. 5. In the present study, the combination of DHA gedistein antagonized the effect of
AA on prostanoid production. Genistein and DHA @anibit the activation of NkB by
PPARy-dependent and —independent mechanisms (20,23,2@)3kading to
downregulation of the COX-2 gene, PE&#oduction, and synthesis of NB-regulated
proinflammatory cytokines (18,22,43). DHA and g@in can also suppress the production
of PGE by altering the flux through the COX-2 enzyme (P), Additionally, genistein can
potentially interfere with signal transduction imved in the elevation of CAMP levels

(17,44), hence it prevents the inducing effect @E2on COX-2 gene transcription.
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