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of testosterone and estrogen, respectively (3,8-11). This
dependence upon hormone for survival and proliferation
extends to neoplasms arising from these tissues (3,9,12,13).
The MCF-7 breast cancer cell line has been shown to form
tumors in nude ovariectomized mice only in the presence of
estrogen. Upon removal of estrogen the tumor cells begin to
undergo apoptosis, leading to tumor regression (12). Addition-
ally, recent studies have shown that pretreatment of MCF-7
cells grownin vitro with estrogen reduces the induction of
apoptosis by cytotoxic drug treatment as well as tamoxifen

Medical Center, Department of Pharmacology SL-83, 1430 Tulane Avenue, (14-16). These reports also show that one mechanism by
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Environmental estrogens represent a class of compounds
which have been shown to mimic the effects or activity of
the naturally occurring ovarian hormone 17B-estradiol.
Given the role of 17B-estradiol in cell survival in a number
of systems, we wished to determine if environmental
estrogens protect MCF-7 cells from apoptosis. Here we
demonstrate that the organochlorine pesticide®, p’ DDT
and alachlor, like 17B-estradiol, have the ability to suppress
tumor necrosis factor a (TNF)-induced apoptosis in
estrogen receptor (ER)-positive MCF-7 breast carcinoma
cells. These compounds, however, did not affect TNF-
induced apoptosis of the ER-negative MDA-MB-231 cell
line. The ability of these compounds to suppress apoptosis
in MCF-7 cells was correlated with an ER-dependent
increase in Bcl-2 expression. Taken together these results
demonstrate that estrogenic organochlorine pesticides like
o, p’ DDT and alachlor may partially mimic the primary
endogenous estrogen, Prestradiol, and function to sup-
press apoptosis in ER-responsive cells.

Introduction

which estrogens may affect apoptosis is through the increased
expression of Bcl-2, a member of a family of apoptosis
regulating proteins whose expression has been shown to
suppress MCF-7 cell apoptosis (17). These studies provide
evidence that estrogens may play a role in both tumorigenesis
and drug resistance through suppression of apoptosis.
Environmental estrogens represent a class of compounds,
both natural and synthetic, which can mimic the function
or activity of the endogenous estrogenfigstradiol. These
environmental estrogens may function as endocrine disrupters
both in wildlife and humans, leading to developmental defects,
disease and, potentially, cancer (18-23). Recently, a number
of organochlorine pesticides, including DDT,a(343,63,98,
983)-6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a-hexahydro-6,9-
methano-2,4,3-benzodioxathiepin 3-oxide (endosulfan II) and
2-chloroN-(2,6-diethylphenyl)N-(methoxymethyl)acetamide
(alachlor), have been shown to mimic estrogen and are capable
of binding to the estrogen receptor (ER), causing transcription
from estrogen response elements (ERE) in DNA and causing
proliferation of MCF-7 cellsin vitro (24—26). The potential
exists that these compounds, acting through the ER, can affect
the apoptotic pathways of estrogen-responsive cells. With
mounting evidence for the role of estrogen in the regulation
of apoptosis, we suggest that these environmental estrogens

Apoptosis is a process of cellular suicide by which specificcan act like endogenous estrogen to inhibit tumor necrosis
cells undergo a programmed series of biochemical eventi@ctor a (TNF)-induced apoptosis in ER-positive breast can-
culminating in the elimination of those cells (1,2). Apoptosiscer cells.

is a normal physiological process that functions to control

cell populations during embryogenesis, immune response$/aterials and methods

hormone withdrawal from dependent tissues and normal tissugg cyiture

homeOSFaSIS (1-6). Recgnt StUd'eS, have sugge_sted tAEF-7 cells (N variant, passage 50) were generously provided by Louise
apoptosis may play a critical role in the generation andutter (University of Minnesota) (27). MDA-MB-231 cells were obtained
progression of cancer and may have potential applications iflom The American Type Culture Collection (Rockville, MD). MCF-7 and
cancer therapy (1,4-7). MDA-MB-231 cells were routinely maintained and grown in high glucose-

- - . ontaining Dulbecco’s modified Eagle’s medium (DMEM) supplemented with
Accumulating evidence suggests that steroid hormones reg%% feta? bovine serum (FBS), gBME amino (acids, E\IIEI\F/)Ipamino acids,

late apoptosis in_ hor_mone'reSponSive tissues- Both prostaigyutamine, penicillin/streptomycin, sodium pyruvate (Gibco BRL, Gaithersburg
and mammary epithelial cells undergo apoptosis upon removaiD) and 1x1071° M porcine insulin (Sigma Chemical Co., St Louis, MO)
(10% DMEM). Cells were maintained in 75 értissue culture flasks at 37°C

Abbreviations: alachlor, 2-chlordN-(2,6-diethylphenyl)N-(methoxymethyl)-
acetamide;o,p’ DDT, 1,1,1-trichloro-2+6-chlorophenyl)-2-¢-chlorophenyl)

in a humidified atmosphere of 5% G@nd 95% air. Prior to experiments
both cells lines were placed in phenol red-free DMEM supplemented with

ethane; DMEM, Dulbecco’s modified Eagle’s medium; endosulfan I, 5% dextran-coated charcoal-treated FBS (5% DCC-FBS) supplemented with

(3a,5¢3,6p,9B,9¢3)-6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a-hexahydro-6,9-
methano-2,4,3-benzodioxathiepin 3-oxide: ER, estrogen receptor;

factora.

© Oxford University Press

BME amino acids, MEM aminoLagids®mine, penicillin/streptomycin,

EREsodium pyruvate (Gibco BRL) (5% CS-DMEM) for 48 h prior to plating. The
estrogen response element; FBS, fetal bovine serum; TNF, tumor necrosis

cells were plated in 6-well plats® aelis/well in the same medium
and allowed to attach overnight. Following this, cells were treated accordingly.
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17B-Estradiol was purchased from Amersham Corp. (Arlington Heights, IL), 15
1,1,1-trichloro-2-p-chlorophenyl)-2-¢-chlorophenyl)ethaneo(p’ DDT) was
purchased from Sigma, alachlor and endosulfan Il were purchased from
AccuStandard (New Haven, CT).

Luciferase assays

Estrogen-responsive reporter gene analysis was performed as described by
Klotz et al. (26). Briefly, MCF-7 cells were placed in 5% CS-DMEM for 48

h prior to plating. The cells were plated in 6-well plates at1%8P cells/well

in the same medium and allowed to attach overnight. The next day the cells
were transfected fo5 h in serum/supplement-free DMEM with Ag of
plasmid pERE2-luciferase, which contains two copies of the vitellogenin ERE
linked to the luciferase gene, andpy of plasmid pCMVB-galactosidase 0-
using 12ul of lipofectamine (Gibco BRL). After 5 h, the transfection medium

—
o
|

Fold RLU’s
T

1X lysis buffer (Analytical Luminescence Laboratory, Ann Arbor, MI) was
added per well and incubated for 15 min at room temperature. The cell debris
was then pelleted by centrifugation at 15 0§®@r 5 min. The cell extracts
were normalized for protein concentration using the Bio-Rad Reagent followind™i9. 1. Reporter gene activity of environmental estrogens. MCF-7 cells were
the supplied protocol (Bio-Rad, Hercules, CA). Abgalactosidase assays, transfected with 2ug of ER_E—quf_erase containing reporter gene constructs.
the cell extract was placed in 5Q0 of Z-buffer (60 mM NaHPO,, 40 mM Cells were then treated with vehicle (control), 1 nM fi-stradiol (E2),
NaH,PO,, 10 mM KCI, 1 mM MgSQ, 35 mM B-mercaptoethanol), 100l 100 nM.o,p’ DDT (DDT), 1 uM alachlor (Ala) or 1uM endosulfan Il

of o-nitrophenylf-p-galactopyranoside at 4 mg/ml in Z-buffer was added to (Endo) in the presence or absence of 100 nM ICI 182,78IT(). Cells

each reaction and the tubes placed at 37°C. The addition o460 1 M were harvested 18 h later for luciferase assays. Data is expressed as fold
Na,CO; terminated the reactions. TBegalactosidase activity of each reaction elative light units (RLU) over control from a representative experiment of
was measured at an absorbance of 420 nM. Luciferase activity for the ceffire€ independent determinations.

extracts were determined using Luciferase Substrate (Promega, Madison, WI)

in a Monolight 2010 luminometer (Analytical Luminescence Laboratory, Ann

Arbor, MI). Results

o —
was removed and replaced with phenol red-free DMEM supplemented with o o o E (&) % (S g8c
5% DCC-FBS containing vehicle, B7estradiol or environmental estrogen + o + ] : uCJ +
and incubated for 18 h at 37°C. o - Ko} I _g

After 18 h the treatment-containing medium was removed and | 25§f w 8 < 'E uc.l
]
<

Viability assay Several reports in the literature have addressed the estrogenicity
Cell viability was determined using the Trypan blue assay as describedf endocrine-disrupting chemicals in breast cancer cells. Klotz
DﬂleIVilouls_ly(1207)-n?fieflllyv M%E/—7 COSY;'\S?A/E"\\A/'BT'ﬁ?’l Cflfl”swere Fﬂatedda:&ﬁ et al showed that some organochlorine pesticides such as
cells/ml in 10 cnt wells in 5% CS- . The cells were allowed to adhere ; P

for 24 h before treatment with vehicle (1% DMSO),Bt&stradiol (1 nM), DDT metabolites and _a_lachlor are ca_\pab_le of blndlng to the
o,p’ DDT (100 nM) or alachlor (1uM) for 24 h. Following this, cells were ER as measured by tritiated ﬂ_éStradml dlsplacement (26)'
treated with TNF (10 ng/ml) (R&D systems, Minneapolis MN) and harvested This group also showed that these compounds are capable of
24 h later for viability analysis using the Trypan blue exclusion method.driving reporter gene transcription from ERE elements. These
Percent viability was expressed as t_he_perce_ntage of viable cells in the treatefdies indicate the role of environmental estrogens in signaling
samples as compared with control viability, with 500 cells counted per samplethrough estrogenic pathways and that they, IikB-ﬁa@tradiol,

DNA fragmentation analysis possess the ability to induce proliferation of MCF-7 cells
Following treatment, cells were harvested for DNA as described previously(24—26). Based on these data we examined the estrogenic
(27). Briefly, 1-2<1CP cells were pelleted and resuspended in lysis buffer activity of estrogen and the environmental estrogepsDDT

(10 mM Tris-HCI, 10 mM EDTA, 0.5% wiv SDS, pH 7.4) to which RNase A anq glachlor on MCF-7 cells. Using an estrogen-responsive

(100 pg/ml) was added. After incubation for 2 h at 37°C, proteinase K .
(0.5 mg/ml) was added and the lysates were heated to 56°C for 1 h. Nad’leporter gene assay, ﬂ-bstradlol (1 nM) treatment was shown

was then added (final concentration 1 M) and lysates were incubated overnigh® resultin a 12.5-fold increase in luciferase activity (Figure 1).
at 4°C. Lysates were centrifuged at 15 aér 30 min and nucleic acids in  0,p" DDT (100 nM) resulted in an equivalent 12-fold increase
the supernatant were precipitated in 2 vol of ethanol with 3 M Na acetatejn |uciferase activity, while alachlor (1p|\/|) induced a
Isolated DNA was then separated by electrophoresis on 1.5% agarose gels g1 fold increase in luciferase activity. Addition of the pure
S EIEHStalzEd Sy SIS RIOMISE SRling: anti-estrogen ICI 182,780 with either -2stradiol,0,p’ DDT
Immunoblot analysis or alachlor reduced luciferase activity to 4.8-, 1.8-, 0.79- and
MCF-7 cells (5<10°) were grown for 3 days and then harvested in sonicating0.81-fold, respectively, indicating that the effect of these
buffer (62.5 mM Tris—HCI, pH 6.8, 4% wiv SDS, 10% glycerol. 1 mM compounds on ERE-mediated transcriptional activity was

phenylmethylsulfonyl fluoride, 25 mg/ml leupeptin, 25 mg/ml aprotinin) and
sonicated for 30 s. Following centrifugation at 10§@or 20 min. 50pg of dependent on the estrogen receptor. These results demonstrate

protein was resuspended in sample loading buffer (62.5 M Tris-HCI, pH 6.8that the two environmental eStmgeoﬁpf DDT an_d alachlor,
2% wiv SDS, 10% glycerol, 59@-mercaptoethanol, 0.01% bromophenol at doses 100 nM and LM, respectively, activate ERE-
blue), boiled for 3 min and electrophoresed on a 15% polyacrylamide gelmediated gene expression roughly equivalenat]_ nMdose
The proteins were transferred electrophoretically to a nitrocellulose membrangyf the ovarian estrogen [B?estradiol.

The membrane was blocked with phosphate-buffered saline/0.05% Tween, Based on the observation that estrogen is a survival factor
5% low fat dry milk solution at 4°C overnight. The membrane was subsequently 9

incubated with a solution of rabbit antisera (anti-Bcl-2 1:4000) and incubated” MCFT7 cells, we examined the ablllty of mkStradl(_)l and

for 2 h at room temperature. Blots were washed in phosphate-buffered salinéhe environmental estrogesp’ DDT and alachlor to inhibit
Tween solution and incubated with goat anti-rabbit antibodies conjugated td NF-mediated cell death. We previously demonstrated that
horseradish peroxidase (1:30 000 dilution; Oxford Scientific, Oxford, Ml) for TNF strongly induced apoptosis in MCF-7 cells (27)_ Cell

_30 min at room temperature. Following four V\_/ashes with PBS/Tween_solutlonviabi”ty assay was used to assess the anti-apoptotic effects of
immunoreactive proteins were detected using the ECL chemiluminescenc,

system (Amersham) and recorded by fluorography on Hyperfilm, accordinglf?B'eStradIOI and the environmental eStrng D_DT_ _and
to the manufacturer’s instructions. After analysis, membranes were staineglachlor. TNF (10 ng/ml) caused a decrease in viability from
with Ponceau S to verify equal loading and transfer. 100% in the control to 33+ 4.46% at 24 h. Pretreatment of
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Fig. 2. Effects of estrogens on TNF-induced cell death in MCF-7 N cells. ~ Fig. 4. Effects of estrogens on TNF-induced cell death in MDA-MB-231
MCF-7 cells were treated with vehicle (Con), 1 nM fstradiol (E2), 100  cells. Cells were treated with vehicle (Con), 1 nM fi-estradiol (E2),
nM o,p’ DDT (DDT) or 1 pM alachlor (Ala) for 24 h prior to the addition 100 nMo,p’ DDT (DDT) or 1 uM alachlor (Ala) for 24 h prior to the

of TNF (10 ng/ml). Cell were harvested 24 h later and viability was addition of TNF (10 ng/ml). Cells were harvested 24 h later and viability
assessed using the Trypan blue method. Error bars represent standard ~ was assessed using the Trypan blue method. Data are expressed as percent
deviation of the mean for five independent experiments performed in viability from a representative experiment of two independent

duplicate. Absence of error bars indicate.5% SD. Statistical determinations.

significance (*) as compared with TNF treatment was determined using
Student’st-test withP < 0.02 for Ala+ TNF andP < 0.005 for 1B-
estradiol+ TNF and DDT+ TNF.

TNF +

C

E2

E2 +ICI
ICI

DDT
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Fig. 5. Estrogen-induced Bcl-2 expression. MCF-7 cells were grown in 5%
CS-DMEM medium for 5 days and subsequently treated with vehicle (C), 1
nM 17-f-estradiol (E2), 100 nM,p’ DDT (DDT) or 1 uM alachlor (Ala)

in the presence or absence of 100 nM ICI 182,780Q]) as shown above.
Cells were harvested 24 h later for western blot analysis of Bcl-2
expression.

(1 uM) all suppressed TNF-induced DNA fragmentation to
near control levels.

To determine if the anti-apoptotic effects of these chemicals
are exclusive to ER-positive breast cancer cells, we examined
their effects on TNF-induced apoptosis in the ER-negative
Fig. 3. Effects of estrogens on TNF-induced DNA fragmentation in MCF-7 MDA-MB-231 breast cancer cell line. TNF (10 ng/ml) treat-

N cells. MCF-7 cells were treated with vehicle (C), 1 nM fi-&stradiol ; 0 ; _ _ iathili
(E2), 100 nMo,p’ DDT (DDT) or 1 uM alachlor (Ala) for 24 h prior to the ment mducedd a:tﬁS/o ?e(l:real‘lse IthZAEAFMB 23;11 (|::>e” tVIat;I“ty t
addition of TNF (10 ng/ml). Cells were harvested 48 h later for DNA as compare W'_ control ce _S a ( 'gure ). Pretreatmen
fragmentation analysis. Molecular weight marker is shown as MW. of these cells with 13-estradiol (1 nm)o,p’ DDT (100 nM)

or alachlor (1uM) for 24 h prior to the addition of TNF (10

ng/ml) resulted in 21.2, 26.7 and 23.3% losses of viability,
MCF-7 cells for 24 h with 1 nM 1[3-estradiol resulted in a respectively, demonstrating that these compounds do not pos-
31% inhibition of TNF-induced cell death, restoring viability =~ sess survival effects in ER-negative breast cancer cells.
to 64 = 3.1% (Figure 2). Similarly 100 n\d,p’ DDT reduced Given that Bcl-2 is an estrogen-responsive gene, we exam-
TNF cell death by 30.5%, restoring viability to 63:54.46%. ined the abilities of Prestradiol and the environmental
Treatment with 1 mM alachlor was able to inhibit cell deathestrogen®,p’ DDT and alachlor to increase expression of this
by 24%, restoring viability to 57 1.33%. DNA fragmentation gene. MCF-7 cells were treated for 48 h wifBelstradiol
analysis was used to demonstrate that the suppression of TNE nM), o,p’ DDT (100 nM) or alachlor (1puM) with or
induced loss of viability was due to induction of apoptosis  without pre-exposure to ICI 182,780 (100 nM). Western blot
(Figure 3). Consistent with previous results, TNF inducedanalysis revealed an increase in expression of Bcl-2 with all
strong DNA fragmentation at 48 h (27). A 24 h pre-treatment  three compounds which was inhibited by ICI 182,780 treat-
with 17B-estradiol (1 nM),o,p’ DDT (100 nm) or alachlor ment, indicative of a specific ER-mediated pathway (Figure 5).
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Discussion ER-dependent manner, suggesting that the mechanism of
_ _organochlorine suppression of apoptosis is in part mediated
Environmental estrogens represent a class of compounds Whlmrough increased expression of Bcl-2.

possess the ability to mimic the activity and effects of \wg have provided evidence that the organochlorine com-
endogenous J¥estradiol. In addition to their role as endocrine ound o,p’ DDT, which can function as an environmental

d|srupters_|n wildlife, these compounds may also affecthumgn strogen, is capable of suppressing TNF-induced apoptosis in
resulting in developmental defects, disease and, potentially,;man breast cancer cell lines and this effect is correlated

cancer. 1p-Estradiol induces proliferation of the ER-positive \yith jncreased expression of Bel-2. We have also demonstrated
MCF-7 breast cancer cell line and also acts as a survival facthat the anti-apoptotic effect of this compound is observed in

in these cells in response to treatment with the anti-estrogepR _positive MCF-7 cells but not in ER-negative MDA-MB-
tamoxifen, as well as with chemotherapeutic drugs (14-16)31 " cells, suggesting specificity of this effect for the ER-
The ability of environmental estrogens to mimici@stradiol  yegiated pathway. Environmental estrogenic compounds
and cause proliferative and estrogenic effects has been pré\imich mimic estrogen have been shown to induce proliferative
ously analyzed in MCF-7 breast cancer cells (24-26). Giveegponses and expression of estrogen-responsive genes and
the previously described estrogenicity of these compounds artﬁomoters. Here we demonstrate that certain environmental

the role of 1B-estradiol in cell survival, we examined the egirogens are also capable of mimicking estrogen in their
effects Qf two organochlorine pesticides on suppression o bility to suppress apoptosis.
apoptosis in human breast cancer cells.

We have previously demonstrated that TNF acts as a potent
inducer of apoptosis in sensitive MCF-7 cells (27). Consistenf\cknowledgements
with the previous demonstration of the_ su_rV|vaI effect OfWe wish to thank Drs William Toscano, Louise Nutter and Stephen M.Hill
estrogen, we show that 1 nM f-&stradiol is capable of for their provision of the MCF-7 cell variants. This work was supported by a
partially suppressing TNF-induced apoptosis in MCF-7 cellspredoctoral fellowship from the US Department of Defense Breast Cancer
The abilities of botho,p’ DDT and alachlor to protect against gesetifmeﬁ’lcogrfgngwEélg'zz'dlg gzg )('\gh'igu)latr:‘:éan”c?rf C/jesnstgfi?éi%n;;
TNF_md.uced cell def"‘th In M.CF_7 cells closely correlate WIthTrZaTuIane-Xavier Centér.fo'r Bioen.vi;'oﬁr’nental Research Scholars Pr;)g.ra.rﬁ
the relative estrogenic potential of these compounds. The MOg v .cB.), a cooperative agreement with the US Department of Agriculture
estrogenic compounds in the reporter gene ass@ye$ifadiol  (3.A.M.) and the Tulane/Xavier Center for Bioenvironmental Research.
(at 1 nM) ando,p’ DDT (at 100 nM), exerted the greatest
survival effects against TNF-induced cell death. While alachlor
a less potent ER agonist even gil¥l, exerted the least effect
on suppression of TNF cytotoxicity. However, upon analysis of 1.Kerr,J.F., Winterford,C.M. and Harmon,B.V. (1994) Apoptosis. Its
DNA fragmentation induced by TNF we observed a significant  significance in cancer and cancer therapgincer 73, 2013-2026.
reduction in apoptosis by pretreatment with all three agen'[S,Z.Walker,N.l., Harmon,B.V., Gobe,G.C. and Kerr,J.F. (1988) Patterns of cell

. h btle diff in viabili di | death.Methods Achiev. Exp. Pathpll3, 18-54.
suggesting that subtle differences in viability may not directly 3.Kiess,W. and Gallaher,B. (1998) Hormonal control of programmed cell

correlate with qualitative analysis of apoptosis. death/apoplosiur J. Endocrinol, 138 482491
Recently, Sheret al. demonstrated that an isomer of DDT, 4.Raff,M.C. (1992) Social controls on cell survival and cell deathture
p.p’ DDT, was capable of activating cellular signaling events _ 356 397-400.

in ER-negative MCF-10A cells, suggesting that some Organo_S.\(llvelzllllla(r;fas‘:?dgfg%ggjé) Programmed cell death: apoptosis and oncogenesis.

Chlor!ne pesticides or pqtemifi"y environmental estrogens mays thompson,C.B. (1995) Apoptosis in the pathogenesis and treatment of

function through other signaling pathways (28). To investigate diseaseScience267, 1456-1462.

the possibility that either alachlor orp’ DDT affects apoptosis 7. Wright,S.C., Zhong,J. and Larrick,J.W. (1994) Inhibition of apoptosis as a

in an ER-independent manner, we used the ER-negative MDA, ZECReimy 81200, M0 mSe o orphological evaluation of cel

MB-231 cell line. ER-negatlve MDA-MB-'231 breast cancer turnover i}1 relation to the ménstrual cycle in the ‘resting’ human breast.

cells were not as sensitive to the cytotoxic effects of TNF as gy, J. cancer44, 177-181.

MCF-7 cells. As expected, in ER-negative MDA-MB 231 cells 9.Hahm,H.A. and Davidson,N.E. (1998) Apoptosis in the mammary gland

17B-estradiol exerted no protective effect against TNF-induced and breast canceEndocrine-Relat. Cancers, 199;211- | death

cell death. Similar to the effects of f#stradiol, pretreatment 10 KyprianouN. and Isaacs,J.T. (1988) Activation of programmed cell deat
. . , ) in the rat ventral prostate after castrati@ndocrinology 122 552-562.

of thes_g cells with e'Fhe‘Dap DDT or alachlor dl(;i not affect 11. Strange,R., Li,F., Saurer,S., Burkhardt,A. and Friis,R.R. (1992) Apoptotic

the ability of TNF to induce cell death, suggesting that at the cell death and tissue remodelling during mouse mammary gland involution.

concentrations used and under the conditions tested here the Development115 49-58. _

effects observed on apoptosis are occurring through an ERZ2-Kyprianou,N., English,H.F., Davidson,N.E. and Isaacs,J.T. (1991)

e Programmed cell death during regression of the MCF-7 human breast
dependent pathway. However, we cannot rule out the possibility = following estrogen ablatioBancer Res 51, 162—166.

that these compoun_ds may possess anti'apoptOt_iC effects NR{ kyprianou,N., English,H.F. and Isaacs,J.T. (1990) Programmed cell death
observed here which occur through an ER-independent during regression of PC-82 human prostate cancer following androgen
mechanism. ablation.Cancer Res.50, 3748-3753.

Recent reports show that one mechanism by which estroger}4- TéixeraC., ReedJ.C. and PrattM.A. (1995) Estrogen promotes
may affect apoptosis is through increased expression of chemotherapeutic drug resistance by a mechanism involving Bcl-2 proto-

. . 4 g oncogene expression in human breast cancer c€liscer Res.55,

Bcl-2, a member of a family of apoptosis regulating proteins  3902-3907.
(14-16). Additionally, Jaattelat al. have demonstrated that 15.Wang,T.T. and Phang,J.M. (1995) Effects of estrogen on apoptotic pathways
overexpression of Bcl-2 in MCF-7 cells resulted in resistance i human breast cancer cell line MCF-Gancer Res.55, 2487-2489.

i - .Huang,Y., Ray,S., Reed,J.C., lbrado,A.M., Tang,C., Nawabi,A. and
to TNF-induced apoptosis (17)' The data presented here Show Bhalla,K. (1997) Estrogen increases intracellular p26Bcl-2 to p21Bax

that, like estrogen, the two organochlorine compc_)unct_s ratios and inhibits taxol-induced apoptosis of human breast cancer MCF-
DDT and alachlor both increase Bcl-2 expression in an 7 cells.Breast Cancer Res. Trea#2, 73-81.
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