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Introduction 
Considerable attention has been focused on environmenlal chemicals which disrupt various 

tissues via steroid receptor. Bisphenol A, 2, 2-bis (4-hydroxyphenyl) propane, is a major 
component of epoxy resins and exhibits esirogenic activities'. The chemical structure of bisphenol 
A resembles that of diethylstilbestrol which causes carcinogenesis"' \ Environmenlal chemicals 
wilh estrogenic activity are considered to cause reproductive disorders, endocrine disorders, 
variety of cancers such as prostate, ovarian and breast cancer''. 

Although much information is available conceming growlh promoting effecl of bisphenol A", 
little is known about the effect of bisphenol A on cell dealh and ils mechanism^'^ Much is nol 
known whether estrogen receptor is involved in bisphenol A-induced cell death. 

We undertook this sludy lo elucidate whelher bisphenol A induced apoplosis of breasl cancer 
cell lines, estrogen receptor-positive MCF-7 and -negative MDA-231 and whether it stimulated 
caspase-1, -3, -6, -8 and -9 activities in both cells. 

Materials and Methods 
Reagents. Bisphenol A was purchased from Kanto Chemicals Co., Ltd. (Tokyo, Japan). Cell 
culture media were obtained from Sigma (Sl. Louis, MO). 
Cells. Human breast cancer cdl lines (MCF-7 and MDA-231) were obtained from Japanese 
Cancer Research Resources Bank (Osaka) and grown in Dulbecco's Modified Eagles' Media 
(DMEM) without phenol red containing 10% fetal bovine serum (JRH, Lenexa, KS). Bisphenol A 
(0.01-100 pM) was added lo subconfluent cells in 6 ml serum-free DMEM media (100 mm dishes) 
and incubated for 1 to 24 hours. Cells were harvested for DNA preparation and caspase assay. The 
cell extracts were prepared using lysis buffer (10 mM Tris-HCI buffer, pH7.5, containing ImM 
EDTA, 0.5 pg/ml aprotinin, 1 pg/ml leupeptin, and 0.2 mM PMSF) and cenlrifiiged al 12,000 rpm 
for 10 min al 4 °C. Proiein concentration ofthe supernatant was measured using a Bradford 
method. 
Caspase assay. Caspase 1, 3, 6, 8 and 9 activities were measured fluorometrically using 
Ac-YVAD-MCA, Ac-DEVD-MCA, Ac-VEID-MCA, Ac-IETD-AMC and Ac-LEHD-MCA as 
fluorogenic substrates, respectively. Twenty pg of cell extracts was used and the aclivilies of 
caspases were expressed as %, compared lo the activity al 0 h (100%o). 

Results and Discussion 
The effects of bisphenol A on cell dealh were investigated in vitro using human breast cancer cell 
lines, MCF-7 and MDA-231. Preliminary experiment showed that lower doses of bisphenol A 
(0.01-1 pM) didn'l significantly affecl cell viability of both cell lines, but higher dose (100 pM) of 
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bisphenol A induced cell death in a time-dependent manner (1-24 h). Therefore, we used 100 pM 
bisphenol A in the present experiment. To examine whether bisphenol A induced cdl apoptosis, 
we first analyzed the effect of bisphenol A (100 pM) on DNA ladder formation. Bisphenol A 
induced DNA ladder formation in both cells (figure nol shown), esfrogen receptor-positive MCF-7 
and -negative MDA-231 cells. The data suggest that bisphenol A induced apoptosis of bolh cells 
independent of estrogen receptor. Time course study (0, 1, 3, 5, 7, 9, 11 and 24 h) ofthe effects of 
bisphenol A (100 pM) on the induction of caspases was performed. Bisphenol A did not 
significantiy affecl the activhies of caspases 1, 8 and 9 in both MCF-7 and MDA-231 cells (not 
shown). In contrast, as shown in figures 1 and 2, bisphenol A significantly induced caspase 3 
activities in a time-dependent manner in MCF-7 (1-11 h) and in MDA-231 cells (1-7 h), 
respectively. As shown in figures 3 and 4, bisphenol A also induced caspase 6 activities in a 
time-dependent manner in MCF-7 (1-24 h) and in MDA-231 cells (3-7 h), respectively. The 
magnitude of induction of caspases 3 and 6 was small although it was statistically significanl. 
Therefore, we cannoi rule out the possibility that other caspases except caspases 1, 8 and 9 were 
involved in bisphenol A-induced apoptosis. 

Allhough it is well-known that lower dose of bisphenol A stimulates human mammary 
carcinoma cell growlh (MCF-7) via estrogen recepior pathway^, little is known about the effect of 
bisphenol A on cell dealh and its mechanism. The present study is the first demonstration that 
bisphenol A induced human mammary carcinoma cell apoplosis independenl of estrogen recepior 
via caspases 3 and 6 signaling pathway. 
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Fig. 1 Time course of caspase 3 in MCF-7 
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Fig. 2 Time course of caspase 3 in MDA-231 
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Fig. 3 Time course of caspase 6 in MCF-7 
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Fig. 4 Time course of caspase 6 in MDA-231 
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