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Abstract

Purpose Breast cancer is one of the most prevalent
woman cancers. Genomic instability, accumulative muta-
tions, and subsequent changes in intracellular signaling cas-
cades play key roles in the development of human breast
cancers. Activation of nuclear factor-xB (NF-xB) has been
implicated in oncogenesis of breast cancers and is known to
be associated with resistance to anticancer agents and apop-
tosis. Blocking NF-xB signaling may represent a therapeu-
tic strategy in breast cancer therapy. The objective of this
study is to investigate the in vitro effects of epoxypseudo-
isoeugenol-2-methyl butyrate (EPB), a phenylpropranoid
isolated from Pimpinella corymbosa, on the activation of
NF-«B, cell growth, cell cycle progression and apoptosis in
MCEF-7 (estrogen-dependent) and BT-549 (estrogen-inde-
pendent) breast cancer cells.
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Methods Transcriptional activity of NF-xkB was measured
by cell based reporter gene assay. Cell proliferation was
determined by MTT assay. Cell cycle analysis was carried
out by flow cytometry and apoptosis was observed by
DAPI staining assy.

Results EPB inhibited the NF-xB-mediated transcription
activity induced by tumor necrosis factor-o. (TNF-«) and
phorbol myristate acetate (PMA) in MCF-7 cells. EPB also
inhibited constitutive NF-xB transcriptional activity in BT-
549 cells. EPB inhibited the proliferation of both MCF-7
and BT-549 cells in a concentration- and time-dependent
manner. EPB induced cell cycle arrest in G,/G, phase and
apoptosis in both MCF-7 and BT 549 cells.

Conclusions These in vitro results indicated that EPB has
a potential for use against both hormone-dependent and
hormone-independent breast cancers and its effects seem to
be mediated by inhibiting the NF-xB activity.
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Introduction

Breast cancer is a leading cause of morbidity and mortality
of women in developed as well as in developing countries
[1, 2]. Genomic instability, accumulative mutation, and
subsequent changes in intracellular signaling cascades play
key roles in the development of human breast cancers
[3, 4]. Evidences suggest that members of nuclear factor
kappa B (NF-xB) family genes are involved in tumor
growth, differentiation, metastasis and reduced apoptosis
[5-7]. Breast cancer cells contain high levels of NF-xB
DNA-binding activity, which is essential for the survival of
these cells in culture [8—10]. Of note, chemically induced
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breast cancers in rats and many primary human breast can-
cers have high levels of NF-xB. High levels of activated
NF-xB are also associated with the progression of breast
cancer cells from estrogen-dependent phenotype to estro-
gen-independent phenotype [11, 12]. Inhibition of NF-xB
may have a therapeutic potential for control of breast can-
cer progression and NF-kB may be a molecular target for
breast cancer chemotherapy. The current therapeutic
approach with antihormones, targeted at hormone recep-
tors, is not always effective. All estrogen receptor negative
(ER-) and also a fraction of ER positive (ER+) tumors do
not respond to antihormone treatment [13, 14]. Thus, alter-
native treatment protocols aimed at different targets for
these classes of anti-hormone non-responsive breast can-
cers need to be explored.

Pimpinella species have been traditionally used to treat
various diseases related to inflammation and cardiovascular
dysfunction for many years without having any adverse
effects [15, 16]. To evaluate medicinal properties of plants
from these species, a series of phenylpropanoids have been
isolated from Turkish Pimpinella species and their struc-
tures have been determined by spectral methods [17-20].
Our preliminary study showed that some of these
compounds inhibited activation of NF-xB in human chon-
drosarcoma SW 1353 cells. Of them, epoxypseudoisoeuge-
nol-2-methyl butyrate (EPB, Fig. 1) isolated from
P. corymbosa, showed the strongest inhibitory activity
towards NF-xB [20]. In the present study, we evaluated the
effects of EPB on the proliferation of estrogen-dependent,
poorly invasive breast cancer cells (MCF-7) and estrogen-
independent, invasive breast cancer cells (BT-549). Its
effects on PMA and TNF-« stimulated transcriptional activ-
ity of NF-xB in MCF-7 cells, and on the constitutive activ-
ity of NF-xB in BT 549 cells were determined. Cell cycle
progression was also monitored as a result of EPB treat-
ment in both cell lines.

\O

Fig. 1 The chemical structure of Epoxypseudoisoeugenol-2-methyl
butyrate (EPB)
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Materials and methods
Chemicals and reagents

EPB was isolated from Pimpinella corymbosa as described
previously [19]. RPMI 1640 medium was from Gibco and
fetal bovine serum (FBS) was from Atlanta Biologicals, USA.
The human recombinant TNF-«, phorbol myristate acetate
(PMA), 4'-6'-diamidino-2-phenylidol (DAPI), 3-[4,4-dimeth-
ylthiazol-2-yl]-2,5-diphenyltetrazolim bromide (MTT), propi-
dium iodide (PI) and ribonuclease-typel A were from Sigma
Chemical Co (ST. Louis, MO, USA). Isoton II, carrier fluid
used in flow cytometry was from Becton Dickinson.

Cell culture

Human breast cancer MCF-7 (hormone-dependent) and
BT-549 cells (hormone-independent) cells were obtained
from American Type Culture Collection (ATCC, Rock-
ville, MD). Cells were grown as monolayer in RPMI 1640
medium, supplemented with 10% FBS, and 100 U/mL pen-
icillin G sodium and 100 pg/mL streptomycin at 37°C in an
atmosphere of 5% CO, and 95% humidity.

Plasmids

The nuclear factor-kxB (NF-kB) reporter construct con-
tained two copies of the element from the immunoglobulin
K promoter (pBIIXLUC) and was a gift from Dr. Riccardo
Dalla-Favera [21]. The Sp-1 reporter plasmid (pGL3-pro-
moter) was obtained from Promega.

Cell based reporter gene assay

The reporter gene assay was carried out as described previ-
ously [22]. Conditions were optimized for transfection of
NF-«B into the MCF-7 or BT-549 cells by electroporation.
A voltage of 140 or 150 V and a single 70 ms pulse was
found to be optimal for transfection of NF-xB into the
MCF-7 or BT-549 cells, respectively. For the assay,
5 x 10° cells were washed once in an antibiotic and FBS-
free medium (RPMI1640) and then resuspended in 500 pL
of antibiotic-free medium containing 2.5% FBS. The
pBIIXLUC reporter plasmid was added to the cell suspen-
sion at a concentration of 50 pg/mL and incubated for
5 min at room temperature. The cells were then electropo-
rated in 500 pL medium at the optimal voltage (140 V for
MCEF-7 cells and 150 V for BT-549 cell) and one 70 ms
pulse. After 10 min, cells (5 x 10* cells/mL) were seeded
to the wells of 96-well plates (200 pL/well) and incubated
at 37°C. After 24 h, the cells were exposed to different con-
centrations of EPB for 0.5 h followed by the treatment with
70 ng/mL of PMA or 50 ng/mL of TNF-« for an additional
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8 h. Media were aspirated and the transfected cells were
lysed by adding 40 pL of a 1:1 mixture of lucLite reagent
(Promega) and PBS containing 1 mM calcium and magne-
sium. Light output was detected on a TopCount in a single-
photon counting mode (Packard Instrument Company,
Meriden, CT).

Cell growth inhibitory assay

MCF-7 and BT-549 cells in logarithmic growth were
seeded at a density of 2,500 cells/well in a 96-well plate
and incubated at 37°C for 24 h. Test compound was diluted
in serum-free medium supplemented with antibiotics and
added to the wells to achieve the desired concentrations in a
200 pL final volume. After 48 h, cell viability was deter-
mined using MTT assay [23]. 50 pL of MTT (1 mg/mL)
was added to each well and the plates were incubated at
37°C under 5% CO, for 4 h. The blue formazan crystals
formed in each well were dissolved by adding 150 pL of
DMSO. The absorbance was measured at 540 nm using EL
312E microplate reader (Bio-Tek Instruments). The cell
growth inhibitory activity of compounds was expressed as
ICy, values (the concentration that caused inhibition of
growth by 50% compared to control).

Cell cycle analysis by flow cytometry

Cell cycle analysis was conducted as described previously
[24]. Briefly, MCF-7 and BT-549 cells (1 x 10°/mL) were
seeded in 25-cm’ tissue culture flasks (8 mL/flask) 24 h
prior to experiment. After 6, 12, 24 and 48 h incubation with
3 uM of EPB at 37°C, approximately 2 x 10’ cells were col-
lected by centrifugation at 1,000 rpm for 5 min. Cell pellets
were fixed in 1 mL ice cold ethanol (70%) and stored at
—20°C. Cells were washed twice with PBS before cell cycle
assay. DNA staining was performed by addition of 200 pL
propidium iodide (50 pg/mL in PBS) and 50 pL RNase A
(final concentration 40 pg/mL) to each sample. Cellular
DNA content was measured by a Facscan flow cytometer.
Approximately 10* cells were analysed for each DNA con-
tent histogram. The samples were excited at 380—410 nm
and the resulting fluorescence was measured at wavelengths
>550 nm. Analysis of the percentage of cells in G,/G,, S and
G,/M phases of the cell cycle was made by the Cellquest
computer program (Becton Dickinson, CA, USA).

Detection of apoptosis (DAPI staining)

DAPI staining assay was used to determine whether the
mechanism of growth inhibition was related to induction of
apoptosis. MCF-7 and BT-549 cells grown on chambered
coverslips were treated with either vehicle or 3 pM of EPB
for 48 h and then fixed with 3.7% formaldehyde for 10 min

and methanol for 20 min. Fixed cells were stained with
4 pg/mL of DAPI for 15 min. The nuclear morphology of
cells was observed under a fluorescence microscope.

Results

Inhibition of inducible NF-«xB activity by EPB in MCF-7
cells

Effect of EPB on the transcriptional activity of NF-xB in
human breast cancer MCF-7 cells was determined by tran-
sient transfection assay using luciferase reporter plasmid.
MCEF-7 cells were transfected with NF-xB reporter con-
struct pBIIXLUC and treated with PMA (70 ng/mL) or
TNF-« (50 ng/ml) for 8 h. As shown in Fig. 2, both PMA
and TNF-o induced NF-xB-dependent transcription. EPB
inhibited both PMA-induced and TNF-a-induced transcrip-
tional activity of NF-«xB in a concentration-dependent fash-
ion. The ICy, values were 0.4 + 0.1 pM for PMA and
0.6 £ 0.1 uM for TNF-o, respectively.

Inhibition of constitutive NF-xB activity by EPB
in BT-549 cells

BT-549 cells were transfected with NF-xB reporter con-
struct pBIIXLUC, and treated with PMA (70 ng/mL) or
TNF-« (50 ng/ml). As shown in Fig. 3, neither TNF-o nor
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Fig. 2 Inhibition of PMA- and TNF-alpha-induced transcription of
NF-xB by EPB in MCF-7 cells. Cells were transfected with reporter
construct pBIIXLUC (50 pg/mL). Twenty-four hours after transfec-
tion, cells were treated with DMSO or EPB (0-10 uM) for 0.5 h fol-
lowed by 8 h incubation with TNF-o (50 ng/mL) or PMA (70 ng/mL).
Luciferase activity was measured as described in “Materials and meth-
ods”. The results are expressed as percentage of NF-xB activity. Each
bar represents the mean £ SD of three experiments. TNF-« and PMA
stimulated the NF-xB activity in MCF-7 cells which was inhibited by
EPB. Note: Basal = 0.25% DMSO control; Induced = 0.25% DMSO +
inducers (PMA or TNF-«)
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Fig. 3 Inhibition of transcription of constitutive NF-xB activity by
EPB in BT-549 cells. Cells were transfected with reporter construct
pBIIXLUC (50 pg/mL). Twenty-four hours after transfection, the cells
were treated with DMSO or EPB (0 — 10 uM) for 0.5 h followed by 8 h
incubation with TNF-o (50 ng/mL) and PMA (70 ng/mL). The lucifer-
ase activity was measured as described in “Materials and methods”.
The results are expressed as percentage of NF-kB activity. Each bar
represents the mean 4+ SD of three experiments. Neither PMA nor
TNF-a stimulated the NF-xB activity in BT 549 cells. The constitutive
NF-xB activity was inhibited by EPB. Note: Basal = 0.25% DMSO
control; Induced = 0.25% DMSO + inducers (PMA or TNF-u)

PMA stimulated NF-xB transcription in these estrogen-
independent breast cancer cells, which indicated that NF-xB is
constitutively activated in these cells. EPB dose-depen-
dently inhibited the steady-state transcriptional activity of
NF-xB. The ICs, values were 0.5 £ 0.2 uM for PMA and
0.7 &+ 0.2 uM for TNF-a.

A luciferase construct with binding sites for Sp-1 was
used as a control because this transcription factor is rela-
tively unresponsive to inflammatory mediators. Hence,
measurement of Sp-1-mediated luciferase expression is
useful for detecting agents that nonspecifically inhibit lucif-
erase expression because of cytotoxicity or inhibition of
luciferase enzyme activity or light output. As shown in
Fig. 4a and b, neither PMA nor TNF-o induced Sp-1 activ-
ity in MCF-7 and BT-549 cells and EPB did not inhibit
transcriptional activity of Sp-1.

Inhibition of proliferation of human breast cancer cells

In order to evaluate effects of EPB on the growth of non-
invasive, estrogen-dependent (MCF-7) and highly invasive,
estrogen-independent (BT-549) breast cancer cells, cells
were treated with EPB (0-10 pM) for 48 h. As shown in
Fig. 5, EPB suppressed the growth of MCF-7 and BT- 549
cells. The inhibitory effects were dose-dependent, and the
IC5, values were 0.7£0.1 pM in MCF-7 cells and
0.9 £ 0.2 pM in BT-549 cells, respectively.
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Fig. 4 Effects of EPB on transcription of Sp-1 in MCF-7 (a) and BT
549 (b) cells. MCF-7 cells and BT-549 cells were transfected with re-
porter construct Sp-1 plasmid (50 pg/mL). Twenty-four hours after
transfection, the cells were treated with DMSO or EPB (0-10 uM) for
0.5 h followed by 8 h incubation with TNF-o (50 ng/mL) and PMA
(70 ng/mL). The luciferase activity was measured as described in
“Materials and methods”. The results are expressed as percentage of
Sp-1 activity. Each bars represents the mean £ SD of three experi-
ments. Neither PMA nor TNF-o stimulated Sp-1 activity in MCF-7 or
BT 549 cells and EPB did not affect the activity of Sp-1. Note:
Basal =0.25% DMSO control; Induced = 0.25% DMSO + inducers
(PMA or TNF-o)

Effects of EPB on cell cycle

The ability of EPB to inhibit cell cycle progression was
determined by flow cytometry. As shown in Fig. 6, treat-
ment of MCF-7 cells with EPB (3 uM) for 6 h resulted
in the accumulation of cells in G,/G, phase, with a
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Fig. 5 Dose-response curves of EPB inhibiting the growth of MCF-7
and BT-549 cells. Each point is mean of three experiments performed
in duplicate and the bars represent standard deviation

corresponding decrease in the number of cells in S and G,/M
phase. The number of cells in G;/G reached to a maximum
at 12 h. After 24 h exposure, a significant increase occurred
in the proportion of hypodiploid cells (peak prior to G,
phase) while the proportion of cells at G,/G, phase
decreased relatively. By 48 h, most of the cells died and the
cell number decreased in G, S, and G,/M phase. The hypo-
diploid cells are likely dead cells with degraded and/or
apoptotic DNA (Fig. 6). The treatment of BT 549 with EPB
(3 uM) for 6 h and 12 h also resulted in the accumulation of
cells in G,/G,, phase, with a corresponding decrease in the
number of cells in S and G,,/M phase.

Induction of apoptosis

The significant growth inhibitory activity of EPB led us to
investigate whether part of this effect was a result of pro-
grammed cell death induction. The cell cycle assay indi-
cated that the cells died at 48 h of drug treatment and
hypodiploids (HP) rates (a peak before G;) increased
(Fig. 6). However, it was not clear if the cells died as a
result of apoptosis or necrosis. Morphological examination
after DAPI staining indicated that EPB significantly
induced apoptosis, as shown by cell shrinkage and nuclear
fragmentation, in both MCF-7 and BT-549 cells (Fig. 7).

Discussion

Numerous experimental and clinical studies have estab-
lished that estrogen plays a major role in the initiation and

progression of breast cancers [25, 26]. Estrogen receptor
(ER) mediates the action of estrogen, and is required for
estrogen-dependent growth of breast cancers. As the can-
cer progresses, tumor cells acquire growth autonomy, no
longer require estrogen, and become resistant to antiestro-
gens such as tamoxifen. Tumor heterogeneity and clonal
selection of ER-negative cells, down regulation of ER
expression, mutation of ER, altered regulation of ER-
response genes, and generations of ER wvariants that
function as dominant positive and estrogen-independent
transcription factor are believed to be responsible for anti-
estrogen-resistant growth of breast cancers. These anties-
trogen-resistant tumors are generally invasive and
metastatic and respond poorly to chemotherapy and tradi-
tional treatment. The activation of NF-xB contributes to
the progression of breast cancer from estrogen-dependent
to more aggressive estrogen-independent growth [12, 27].
Specific blockage of NF-xB signaling may inhibit breast
cancer progression. Using MCF-7 (estrogen-dependent)
and BT-549 (estrogen-independent) human breast cancer
cells as models to represent hormone-dependent breast
tumors and hormone-independent breast tumors, respec-
tively, the effects of EPB on NF-xB-mediated transcrip-
tion and cell proliferation were investigated. EPB
inhibited not only NF-xB driven transcription activities
induced by PMA and TNF-o in MCF-7 cells, but also sup-
pressed constitutive NF-xB transcriptional activity in BT-
549 cells. EPB did not suppress transcription mediated by
Sp-1 under the conditions that it suppressed transcription
mediated by NF-xB. Constitutive NF-xB activation has
been found to be critical for the survival and proliferation
of breast cancers [12]. Cell growth inhibition assay
showed that EPB inhibited the growths of both MCF-7
and BT 549 cells to a similar extent. These results indi-
cated that EPB might inhibit the growth of breast cancer
cells and the progression of breast cancer from hormone-
dependent phenotype to hormone-independent phenotype.
EPB seems to act at a step in NF-kB activation pathway
common to all NF-xB inducers. Meanwhile our study
demonstrated that there is lower level of NF-xB in ER+
breast cancer (MCF-7) cells than in ER™ (BT-549) cells.
Many stimuli such as PMA, TNF-a, cytokines such as IL-
1 stimulate the growth of breast cancer cells via activation
of NF-xB. EPB suppressed NF-xkB driven transcription
induced by PMA or TNF-o and the growth of MCF-7
cells, suggesting EPB could play an important role in can-
cer cells of low activity of NF-xB. EPB has a potential for
using against both hormone-dependent and hormone-inde-
pendent breast cancers.

It has been shown that NF-xB is an important regulator
of cell proliferation by its direct or indirect roles in cell
cycle regulation through cyclin D;, which is expressed
early in cell cycle [27-29]. NF-xB activation also promotes
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Fig. 6 Flow cytometry histo-
grams of cell cycle distribution
of MCF-7 (a) and BT-549 (b)
cells treated with 3 uM EPB

the transition of the cell cycle from G,/G, to S phase by
inducing the expression of cyclin D, [30-32]. Our observa-
tion that EPB blocks progression of cells in G,/G, phase
while inhibiting NF-xkB and the growth of MCF-7 and
BT-549 cells, suggests that cell cycle arrest is related to
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inhibition of NF-xkB-dependent transcription. EPB might

inhibit cyclin D, expression through inactivation of NF-xB,
finally blocking the transitions of cell cycle from the G,/G,
to the S phase. Further studies on the effect of EPB on
cyclin D, expression are warranted.
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Fig. 7 Induction of apoptosis
by EPB in human breast cancer
MCF-7 (A) and BT-549 (B)
cells. The cells were treated with
vehicle (a) or with 3 uM EPB
(b) for 48 h. Cells were har-
vested and washed with ice-cold
PBS, followed by fixation in
3.7% formaldehyde and metha-
nol. Fixed cells were incubated
with 4 pg/ml of DAPI. Nuclear
morphology was examined by
using a fluorescent microscope.
Arrow indicates apoptotic cells
with condensed and fragmented
nuclei

NF-xB has also been reported to play a pivotal role in
the protection of cancer cells from apoptosis through acti-
vation of antiapoptotic genes [28, 33]. Inhibition of NF-xB
activity may result in induction of apoptosis. Our cell cycle
analysis results revealed that the sub-G; peak showing
hypodiploid DNA increased after treatment with EPB for
24 h and 48 h, which is indicative of apoptotic cell death.
DAPI staining further confirmed that EPB induced apopto-
sis in MCF-7 and BT-549 cells at the same concentration
that inhibited NF-xB, suggesting that inhibition of NF-xB
by EPB is associated with apoptosis.

In conclusion, EPB suppressed the proliferation of
estrogen-dependent, poorly invasive breast cancer (MCF-
7) and estrogen-independent, invasive breast cancer cells
(BT-549). The compound also induced cell cycle arrest in
G,/G, phase and apoptosis. These activities are likely
mediated by inhibition of NF-xB activation which could
be correlated with anti-inflammatory activities reported for
other phenylpropranoids [34]. Meanwhile, cell prolifera-
tion and apoptosis are complex processes which involve
many pathways. NF-kB could be one of the important
pathways. Therefore, inhibition of NF-xB could be one of
the mechanisms involved in the inhibition of cell prolifera-
tion and induction of apoptosis by EPB. Possibility of
involvement of other pathways could not be ruled out.
Several preparations of Pimpinella species that are
reported to contain EPB, have been used to treat various
conditions in humans without any adverse effects [16],
suggesting that it is not harmful to humans. However, fur-
ther investigation on the exact mechanisms of the inhibi-
tory effects of EPB on NF-xB and its in vivo therapeutic
efficacy and toxicity are warranted.

A) MCE-7 cells

B) BT 549 cells

Acknowledgments This study was supported in part by USDA Agri-
cultural Research Service Specific Cooperative Agreement NO. 58—
6408-2-0009.

References

1. Merrill RP, Weed DL (2001) Measuring the public health burden
of cancer in the United States through lifetime and age-condition
risk estimates. Ann Epidemiol 11:547-553

2. Perera NM, Gui GP (2003) Multi-ethnic differences in breast can-
cer: current concepts and future directions. Int J Cancer 106:463—
467

3. Cornelissc CJ, Cornelis RS, Devilee P (1996) Gene responsible for
familial breast cancer. Pathol Res Practice 192:684-693

4. Somiari RI, Somiari S, Russell S, Shriver CD (2005) Proteomics
of breast carcinoma. J Chromatogr B Analyt Technol Biomed Life
Sci 815:215-225

5. Walczn FG, Krappmann D, Scheidereit C (1978) The NF-kappa B/
Rel and I-kappa B gene families: mediators of immune response
and inflammation. J Mol Med 74:749-769

6. Baldwin AS (1996) The NF-kappa B and I kappa B proteins: new
discoveries and insights. Ann Rev Immunol 14:649-683

7. Pallares J, Martinez-Guitarte JL, Dolcet X, Llobet D, Rue M, Pal-
acios J, Prat J, Matias-Guiu X (2004) Abnormalities in the NF-xB
family and related proteins in endometrial carcinoma. J Pathol
204:569-577

8. WulJT, Kral JG (2005) The NF-xB/IxB signaling system: a molec-
ular target in breast cancer therapy. J Surg Res 123:158-169

9. Biswas DK, Dai S-C, Cruz A, Weiser B, Graner E, Pardee AB
(2001) The nuclear factor kappB (NF-xB): a potential therapeutic
target for estrogen receptor negative breast cancer. Proc Nat Acad
Sci USA 98:10386-10391

10. Cao Y, Karin M (2003) NF-kappa B in mammary gland develop-
ment and breast cancer. ] Mam Gland Biol Neop 8:215-223

11. Nakshatri H, Bhat-Nakshatri P, Martin DA, Goulet RJ Jr, Sledge
GW Jr (1997) Constitutive activation of NF-xB during progres-
sion of breast cancer to hormone-independent growth. Mol Cell
Biol 17:3629-3639

@ Springer



680

Cancer Chemother Pharmacol (2009) 63:673-680

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Sovak MA, Bellas RE, Kim DW, Zanieski GJ, Rogers AE, Traish
AM, Sonenshein GE (2004) Aberrant nuclear factor-kappaB/Rel
expression and the pathogenesis of breast cancer. J Clin Invest
100:2952-2956

Jordan VC, Third annual William L (1995) McGuire memorial
lecture. “Studies on the estrogen receptor in breast cancer’—
20 years as a target for the treatment and prevention of cancer.
Breast Cancer Res Treat 36:267-286

Hedden A, Muller V, Jensen EV (1995) A new interpretation of
antiestrogen action. Ann NY Acad Sci 761:109-120

Santos PM, Figueiredo AC, Oliverira MM, Barroso JG, Pedro IG,
Deans SG, Tounus AKM, Scheffer JC (1999) Morphological Sta-
bility of Pimpinella anisum hairy root cultures and time-course
study of their essential oils. Biotech Lett 21:859-864

Bisset NG (2001) (ed) Herbal drugs and phytopharmaceuticals,
CRC Press, London, pp 72-75 and pp 375-377

Tabanca N, Bedir E, Kirimer N, Baser KHC, Khan SI, Jacob MR,
Khan IA (2003) Antimicrobial compounds from Pimpinella spe-
cies growing in Turkey. Planta Medica 69:933-938

Tabanca N, Khan SI, Bedir E, Annavarapu S, Willet K, Khan IA,
Kirimer N, Baser KHC (2004) Estrogenic activity of isolated
compounds and essential oils of Pimpinella species from Turkey,
evaluated using a recombinant yeast screen. Planta Medica
70:728-735

Tabanca N, Bedir E, Ferraira D, Slade D, Wedge DE, Jacob MR,
Khan SI, Khan IA, Kirimer N, Baser KHC (2005) Bioactive con-
stituents from Pimpinella species growing in Turkey. Chemi Bio-
divers 2:221-232

Tabanca N, Ma G, Pasco DS, Bedir E, Kirimer N, Baser KHC,
Khan IA, Khan SI (2007) Effect of essential oils and isolated com-
pounds from Pimpinella species on NF-kB: a target for anti-
inflammatory therapy. Phytother Res 21:741-745

Chang CC, Zhang J, Lombardi L, Neri A, Dalla-Favera R (1994)
Mechanism of expression and role in transcriptional control of the
proto-oncogene NFKB-2/LYT-10. Oncogene 9:923-933
Subbaramaiah K, Bulic P, Lin Y, Dannenberg AJ, Pasco DS
(2001) Development and use of a gene promoter-based screen to
identify novel inhibitors of cyclooxygenase-2 transcription. J Bio-
mol Screening 6:101-110

@ Springer

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Mosmann T (1983) Rapid colorimetric assay for cellular growth
and survival: application to proliferation and cytotoxicity assays.
J Immunol Methods 65:55-63

Ma G, Mustafa J, Khan SI, Walker LA, Khan IA (2005) Antican-
cer activity and possible mode of action of 4-O-podophyllotoxin-
12-Hydroxyl-octadec-Z-9-enoate. Lipids 40:303-308

McGuire WL, Chamnese GC, Fuqua SAW (1991) Estrogen recep-
tor variants in clinical breast cancer. Mol Endocrinol 5:1571-1577
Santen R, Manni A, Harvey H, Redmond C (1990) Endocrine
treatment of breast cancer in women. Endocr Rev 11:221-265
Nakshatri H, Bhat-Nakshatri P, Martin DA, Goulet RJ Jr, Sledge
G Jr (1997) Constitutive activation of NF-xB during progression
of breast cancer to hormone-independent growth. Mol Cell Biol
17:3629-3639

Bm Rayet, Gelinas C (1999) Aberrant rel/NF-kB genes and activ-
ity in human cancer. Oncogene 18:6938-6947

Bourrs V, Dejardin E, Goujon-Letawe F, Merville MP, Castro-
novo V (1994) The NF-xB- and IxB-related proteins in tumor cell
lines. Biochem Pharmacol 47:145-149

Hinz M, Krappmann D, Eichten A, Heder A, Scheidereit C,
Strauss M (1999) NF-kappa B function in growth control: regula-
tion of cyclin D, expression and G/G,-to-S-phase transition. Mol
Cell Biol 19:2690-2698

Joyce D, Albanese C, Steer J, Fu M, Bouzahzah B, Pestell RG
(2001) NF-kappa B and cell cycle regulation: the cyclin connec-
tion. Cytokine Growth Factor Rev 12:73-90

Guttridge DC, Albanese C, Reuther JY, Pestell RG, Baldwin AS
Jr (1999) NF-xB control cell growth and differentiation through
transcriptional regulation of cyclin D1. Mol Cell Biol 19:5785-
5799

Bours V, Bentires-Alj M, Hellin AC, Viatour P, Robe P, Delhalle
S, Benoit V, Merville MP (2000) Nuclear factor-kappa B, cancer,
and apoptosis. Biochem Pharmacol 60:1085-1089

Cho MK, Park JW, Jang YP, Kim YC, Kim SG (2002) Potent inhi-
bition of lipopoly-saccharide-inducible nitric oxide synthase ex-
pressed by dibenzylbutyroll-actone ligans through inhibition of
IxBa phosphorylation and of p65 nuclear translocation in macro-
phages. Int Imnmunopharmacol 2:105-116



	Inhibition of NF-jB-mediated transcription and induction of apoptosis in human breast cancer cells by epoxypseudoisoeugenol-2-methyl butyrate
	Introduction
	Materials and methods
	Chemicals and reagents
	Cell culture
	Plasmids
	Cell based reporter gene assay
	Cell growth inhibitory assay
	Cell cycle analysis by Xow cytometry
	Detection of apoptosis (DAPI staining)

	Results
	Inhibition of inducible NF-jB activity by EPB in MCF-7 cells
	Inhibition of constitutive NF-jB activity by EPB in BT-549 cells
	Inhibition of proliferation of human breast cancer cells
	EVects of EPB on cell cycle
	Induction of apoptosis

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


