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Evidence has been accumulating that some estrogen-dependent
human breast cancers require estrogen for not only proliferation
but also survival. To obtain insights into the molecular mechanisms
of apoptosis of breast cancer cells subjected to estrogen starvation
or exposed to antiestrogens, we characterized changes in the gene
expression profile of MCF-7�BUS human breast cancer cells and
revealed a strong induction of Bik, a member of the BH3-only
proapoptotic proteins. The Bik mRNA transcript and protein were
strongly induced by estrogen starvation or exposure to fulvestrant,
a pure antiestrogen that competes with the natural estrogens for
binding to the estrogen receptors. This Bik induction preceded
apoptotic cell death, which was blocked by zVAD-fmk, a pan-
caspase inhibitor. Amounts of the Bcl-2-related proteins, such as
Bcl-2, Bcl-XL, or Bax, showed only marginal changes in the presence
or absence of estrogens or antiestrogens. Suppression of Bik
expression by using the small interfering RNA effectively blocked
the fulvestrant-induced breast cancer cell apoptosis. These results
indicate that Bik is induced in MCF-7�BUS cells in the absence of
estrogen signaling and plays a critical role in the antiestrogen-
provoked breast cancer cell apoptosis.

A t least 60% of human breast cancers express estrogen
receptor � (ER�), and about half of these ER�-positive

tumors require estrogen for their growth (1). Although the
requirement of estrogen for proliferation of such hormone-
dependent tumors has been widely accepted, evidence is accu-
mulating that this steroid hormone is also necessary for survival
of breast cancer cells (2–5). The importance of the mitochondria-
dependent apoptotic pathway involving the Bcl-2 family apopto-
sis regulator proteins in estrogen-regulated breast cancer cell
apoptosis has been supported by a number of studies (6–16). The
antiapoptotic members of the Bcl-2 family, such as Bcl-2, share
three or four conserved domains known as Bcl-2 Homology
(BH) regions. Proapoptotic members such as Bax share two or
three BH regions. The antiapoptotic members suppress the
release of cytochrome c from mitochondria, whereas the proapo-
ptotic members facilitate this process. When released to the
cytosol, cytochrome c activates Apaf-1, which in turn activates
the apoptosis-initiator caspase (caspase-9). Another group of
apoptosis regulators, often referred as BH3-only proteins, only
share the 9-aa BH3 region and, through this domain, bind
directly to the antiapoptotic members of the Bcl-2 family to
inhibit their apoptosis-suppressing function. It has been reported
that expression of Bcl-2 in MCF-7 human breast cancer cells is
enhanced by 17�-estradiol (E2) and decreased by antiestrogens,
whereas expression of Bax is not affected by E2 or antiestrogens
(7–14). However, reported changes in the amount of Bcl-2 with
estrogen starvation or exposure to antiestrogens have been
relatively small, typically �2-fold, suggesting possible involve-
ment of other hormonally controlled factors that coordinately
regulate apoptosis with Bcl-2.

The MCF-7 human breast cancer cell line has been commonly
used as a conventional in vitro model of breast cancer. However,

since its original isolation in the early 1970s (6), in the past three
decades a number of MCF-7 cell ‘‘stocks’’ have been established
and maintained independently by a number of laboratories.
Because the estrogen responsiveness, the degree of oncogene
amplification, and the karyotype of such MCF-7 stocks differ
significantly (17–20), it is no longer possible to precisely define
the original MCF-7 culture. Among these stocks, the MCF-7�
BUS stock has been characterized by robust and highly repro-
ducible estrogen dose-dependent growth (17, 21). Taking ad-
vantage of these features, we have recently determined detailed
dose-dependent aspects of induction or suppression of the
estrogen-regulated genes in MCF-7�BUS cells (21). Thus, MCF-
7�BUS is an ideal MCF-7 cell stock for studying quantitative
aspects of estrogen actions on breast cancer cells.

In the present study, we describe the induction of the Bik
BH3-only protein by estrogen starvation and exposure to the
antiestrogen fulvestrant in human breast cancer cells. Low
concentrations of E2 effectively blocked Bik expression as well
as apoptosis of MCF-7�BUS cells, and inhibition of Bik protein
expression by small interfering RNA (siRNA) suppressed the
fulvestrant-provoked apoptosis of this cell line. Bik protein
expression was not detected in breast cancer cell lines that are
resistant to the fulvestrant-provoked apoptosis, whereas some of
these cell lines expressed the Bik mRNA transcripts constitu-
tively or in a fulvestrant-dependent manner. These results sug-
gest a critical role of Bik in antiestrogen-provoked breast cancer
cell apoptosis.

Materials and Methods
Cell Culture. MCF-7�BUS and MCF-7�E8CASS cells were pro-
vided by C. Sonnenschein and A. M. Soto (Tufts University).
T47D, ZR75, SK-BR3, and MDA435 human breast cancer cells
were purchased from American Type Culture Collection. All
cells were maintained in DMEM supplemented with 5% FCS
(HyClone, DEFINED grade); this medium contained �60 pM
serum-derived E2. To examine effects of estrogen starvation,
cells at the subconfluent density were washed three times with
phenol red-free medium (containing no serum) and incubated in
the wash medium for 60 min at 37°C. The medium was then
replaced by phenol red-free DMEM supplemented with 5%
charcoal�dextran-stripped FCS (HyClone) and 0–100 pM E2
(Calbiochem) with or without 50 �M zVAD-fmk (Sigma), and
the cells were cultured for 0–72 h. To examine the effects of
fulvestrant, cells were cultured in the regular medium supple-
mented with 5% DEFINED grade FCS and 0–100 nM fulves-
trant (Tocris) for 0–72 h.

Abbreviations: BH, Bcl-2 homology; E2, 17�-estradiol; ER�, estrogen receptor �; PARP,
poly(ADP-ribose) polymerase; siRNA, small interfering RNA.
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DNA Microarray, RT-PCR, and Western Blotting. RNA isolation and
the Affymetrix DNA microarray experiments were performed as
described (21). cDNA was synthesized from 100 ng of total RNA
by using SuperScript One-Step RT-PCR with Platinum Taq
(Invitrogen) according to the manufacturer’s protocol. Semi-
quantitative RT-PCR under unsaturated amplification was per-
formed as described (22); detailed conditions for each gene will
be provided on request. Primer sequences were the following:
Bik, forward 5�-GCCAGAGGAGAAATGTCTGA-3�, reverse
5�-AGTGTGGTGAAACCGTCCAT-3�; Bax, forward 5�-
ATGGACGGGTCCGGGGAGCAGCCC-3�, reverse 5�-
GGTGAGCACTCCCGCCACAAAGAT–3�; Bcl- XL, forward
5�-TTGGACAATGGACTGGTGGA-3�, reverse 5�-GTA-
GAGTGGATGGTCAGTG-3�; Bcl-2, forward 5�-CGAC-
GACTTCTCCTCCCGCCGCTACCG C-3�, reverse 5�-CCG-
CATGCTGGGGCCGTACAGTTCC-3�; GAPDH, forward 5�-
CCACCCATGGCAAATTCCATGGCA-3�, reverse 5�-
TCTAGACGGCAGGTCAGGTCCACC-3�. Western blotting
was performed following the standard protocol. All primary
antibodies were purchased from Santa Cruz Biotechnology:
Anti-Bik (N-19, FL-160), anti-actin (I-19), anti-Bcl-2 (C-2),
anti-Bcl-XL (L-19), anti-Bax (B-9), anti-Bid (N-19), and anti-
poly(ADP-ribose) polymerase (PARP) (F-2).

siRNA Suppression of Bik Expression. To suppress expression of Bik
by siRNA, subconfluent MCF-7�BUS cells were transfected
with oligoduplex Bik siRNA (sense 5�-AAGACCCCUCUCCA-
GAGACAU-3�, antisense 5�-AAAUGUCUCUGGAGAGG-
GGUC-3�) and control, sequence-scrambled siRNA (Dharma-
con, Lafayette, CO) by using Oligofectamine reagent
(Invitrogen) according to the manufacturer’s protocol.

Results
Estrogen Starvation and Exposure to Antiestrogens Induce Apoptosis
of MCF-7�BUS Human Breast Cancer Cells. To determine whether
MCF-7�BUS cells undergo apoptotic cell death in the absence
of estrogen, cells were cultured in the presence of varying low
concentrations of E2 (0 � 30 pM). The growth of MCF-7�BUS
cells depends on the dose of estrogen between 2 and 80 pM (21).
After 72 h of incubation, the E2-free cultures showed marked
cell death, whereas cultures containing as little as 10 pM E2
showed only marginal evidence of cell death (Fig. 1 A and C).
The dead cells detached from the dish and showed a condensed,
spherical shape that implied the apoptotic mechanism of cell
death versus necrosis, and these detached cells were unable to
reattach to the culture dish even when transferred to a new dish
with fresh medium containing 30 pM E2 (data not shown). This
cell death was effectively suppressed by z-VAD-fmk, a specific
pan-caspase inhibitor that permeates the plasma membrane of
living cells and suppresses apoptosis (23), indicating that cells
died by apoptosis. Consistent with this observation, the pure
antiestrogen fulvestrant also induced massive cell death (Fig. 1
B and C), which was also suppressed by zVAD-fmk (data not
shown). Tamoxifen, a partial antiestrogen, also induced MCF-
7�BUS cell death (data not shown). Whereas the fulvestrant-
induced cell death was observed after 48 h of exposure (Fig. 1C),
the tamoxifen-induced cell death required at least 72 h of
exposure (data not shown).

The Bik BH3-Only Protein Is Induced in Human Breast Cancer Cells by
Estrogen Starvation and Antiestrogen Exposure. To characterize
roles of the Bcl-2 family apoptosis regulators in the estrogen-
regulated breast cancer cell apoptosis, we determined their
mRNA expression profiles in MCF-7�BUS cells cultured in the
presence or absence of E2 (Figs. 2 A and B). Cells were cultured
for 48 h in the presence of varying low concentrations of E2 (0 �
100 pM), and their total RNA was subjected to DNA microarray
analysis. In separate experiments, cells were cultured in the

absence of E2 for 0, 24, and 48 h, and total RNA preparations
were subjected to DNA microarray analysis (Fig. 2B). To our
surprise, of the 13 members of the Bcl-2 family evaluated by these
experiments, only the mRNA transcripts for the Bik proapopto-
tic BH3-only protein showed strong reduction in the presence of
low concentrations of E2 (Fig. 2 A), whereas expression of the
mRNA transcripts for the other 12 members (including Bcl-2)
showed only modest changes in either the presence or absence
of E2 (Fig. 2 A). During the 48 h of estrogen starvation, the
mRNA transcripts for Bik increased �40-fold, whereas the
mRNA transcripts for other Bcl-2-family proteins showed rela-
tively modest changes (Fig. 2B). These DNA microarray data
were confirmed by semiquantitative RT-PCR, in which the
mRNA transcripts for Bik, Bax, Bcl-XL, and Bcl-2 were amplified
at subsaturated PCR conditions. As shown in Fig. 2C, expression
of the Bik mRNA transcripts was remarkably suppressed with
increasing E2 concentrations, whereas it was enhanced dramat-
ically during estrogen starvation. Amounts of the transcripts for
other Bcl-2-family proteins showed only marginal changes, if any.

The induction of Bik protein in MCF-7�BUS cells by estrogen

Fig. 1. Estrogen depletion provokes MCF-7�BUS cell apoptosis. (A and C)
Estrogen starvation induces apoptosis. Cells were cultured in the presence of
indicated concentrations of E2 for 72 h with or without 50 �M zVAD-fmk. The
appearance of the culture was photographed (A), and numbers of apoptotic
cells (round-shaped and detached form the dish) and live cells were counted
(C Left; mean � SEM, n � 3). (B and C) Fulvestrant-induced apoptosis. Cells
were cultured in the presence or absence of 100 nM fulvestrant for 24–72 h in
the medium containing �60 pM serum-derived E2. The culture was photo-
graphed (B), and numbers of apoptotic cells and live cells were counted (C
Right; mean � SEM, n � 3).
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starvation and antiestrogen exposure was confirmed by Western
blotting. As shown in Fig. 3A, the 22.5-kDa Bik protein was
strongly expressed in the absence of E2 (i.e., 48 h estrogen
starvation) and only weakly in the presence of 10 pM E2; it was
undetectable in the presence of 30 pM and higher concentrations
of E2. A dramatic accumulation of Bik during 2 days of hormone
starvation was also confirmed (Fig. 3B). The pan-caspase inhib-
itor zVAD-fmk did not affect this Bik induction (Fig. 3B), while
it effectively suppressed MCF-7�BUS cell apoptosis (data not
shown; see Fig. 1 A). Therefore, the induction of Bik is not a
downstream event of caspase activation. When cells were cul-
tured in medium containing serum-derived estrogens (equiva-
lent to �60 pM E2) in the absence of fulvestrant, there was no

Fig. 2. Effects of E2 and antiestrogen on expression of the mRNA transcripts
for Bcl-2 family proteins in breast cancer cells. (A and B) DNA microarray data.
(C) RT-PCR. MCF-7�BUS cells were cultured in the presence of indicated con-
centrations of E2 for 48 h (A and C) or in the absence of E2 for indicated periods
of time (B and C), and the relative amounts of the mRNA transcripts were
determined by the Affymetrix DNA microarray. Each datum point represents
mean � SEM (n � 5).

Fig. 3. Effects of E2 and antiestrogen on expression of the Bcl-2 family
proteins in breast cancer cells. (A–E) Western blotting. Actin or GAPDH was
visualized on the same blot as control. (A) Suppression of Bik expression by E2.
MCF-7�BUS cells were cultured in the presence of indicated concentrations of
E2 for 48 h. (B) Induction of Bik by estrogen starvation. MCF-7�BUS cells were
subjected to estrogen starvation for up to 2 days in the presence or absence of
50 �M zVAD-fmk. (C) Induction of Bik by fulvestrant. MCF-7�BUS cells were
cultured in the presence of indicated concentrations of fulvestrant for 24–72
h. The medium contained �60 pM serum-derived E2. (D) Effects of E2 on
expression of other Bcl-2 family proteins. MCF-7�BUS cells were cultured in the
presence (�) or absence (	) of 30 pM E2 for 48 h. (E) Diminished induction of
Bik in E8CASS, an estrogen-independent MCF-7 derivative. Cells were cultured
in the presence or absence of E2 for 48 h. (F) Expression of the Bik mRNA
transcripts (RT-PCR) or protein (Western blotting) in human breast cancer cells.
Cells were cultured for 48 h in the medium containing �60 pM serum-derived
E2 with or without 100 nM fulvestrant.
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Bik detectable until 24 h of culture, and a very weak Bik
expression was observed after 48 � 72 h (Fig. 3C). However, in
the presence of 10 nM or 100 nM fulvestrant, Bik was strongly
induced after 48 � 72 h; a weak expression could also be
observed at 24 h. Although fulvestrant is usually used at 100 nM
concentration for cell culture-based experiments, as low as 10
nM effectively induced Bik, provoking apoptosis of this cell line
(data not shown).

To determine whether or not the induction of Bik in apoptotic
MCF-7�BUS cells is specific among the Bcl-2 family members,
we determined expression of Bcl-2 and Bcl-XL (antiapoptotic
members), Bax (a proapoptotic, Bcl-2-like member), and Bid
(BH3-only proapoptotic members) in the presence or absence of
30 pM E2 by Western blotting (Fig. 3D). Only marginal changes
were observed, if any, for any of these proteins. In separate
Western blotting experiments, we also observed no significant
changes in expression of three other BH3-only proteins, namely,
Puma, Noxa, and Bim, in the presence or absence of fulvestrant
(data not shown). These results suggested a unique role for Bik
among the Bcl-2 family members in the estrogen-regulated
apoptosis of human breast cancer cells.

Lack of Bik Protein Expression in Breast Cancer Cells That Are Resistant
to Estrogen-Regulated Apoptosis. MCF-7�E8CASS cell line was
isolated from the original MCF-7 culture as a subclone that
grows in an estrogen-independent manner (24). E8CASS cells
express functional ER�, and their estrogen-induced transacti-
vation of the pS2 gene is normal (24). Interestingly, as shown in
Fig. 3E, the estrogen-starved E8CASS cells did not express Bik,
suggesting that the inability of E8CASS cells to induce Bik in the
absence of estrogen might contribute to their estrogen-
independent growth.

We then determined whether fulvestrant induces Bik mRNA
transcripts and protein in other human breast cancer cell lines.
For this purpose, we used two ER�-positive lines (T47D and
ZR75) and two ER�-negative lines (SK-BR3 and MDA-MB-
435), all of which are commonly used in studies of breast cancer
cell biology. These four cell lines were all resistant to antiestro-
gen-provoked cell death, but the antiestrogens did effectively
inhibit proliferation of T47D and ZR75 cells (data not shown).
As shown in Fig. 3F, fulvestrant strongly induced the Bik mRNA
transcripts in T47D cells. A fulvestrant-dependent increase in the
amount of the Bik mRNA transcripts was also observed with
ZR75 cells, although a significant amount of the Bik mRNA was
expressed even in the absence of the antiestrogen. MDA-435 did
not express the Bik mRNA transcripts at all in the presence or
absence of fulvestrant. Unexpectedly, SK-BR3 cells expressed
the Bik mRNA transcripts very strongly with or without fulves-
trant. In contrast to MCF-7�BUS cells, which express both the
Bik mRNA transcripts and protein and undergo apoptosis in the
presence of fulvestrant, the expression of the Bik mRNA tran-
scripts in these apoptosis-resistant cells was not associated with
any detectable expression of the Bik protein. Although the
mechanisms of this lack of Bik protein expression even in the
presence of its mRNA transcripts are unclear, these observations
are consistent with the resistance of these cell lines to the
antiestrogen-provoked apoptosis.

Suppression of Bik Expression by siRNA Inhibited Fulvestrant-Induced
Apoptosis of MCF-7�BUS Cells. To test whether the Bik induction is
required for the fulvestrant-provoked breast cancer cell apopto-
sis, we suppressed expression of Bik in MCF-7�BUS cells by the
siRNA. As shown in Fig. 4A, transient transfection of a Bik-
suppressing siRNA (before fulvestrant treatment) completely
blocked fulvestrant-induced expression of Bik. A control siRNA
did not affect the fulvestrant-induced Bik expression. Strikingly,
cells transfected with the Bik-suppressing siRNA showed re-
markable resistance to the fulvestrant-provoked apoptosis; in

contrast, the culture transfected with the control siRNA showed
the expected, marked apoptosis (Fig. 4B). Without fulvestrant,
neither the Bik-suppressing nor the control siRNA affected cell
viability. Thus, Bik induction is required for the fulvestrant-
provoked apoptosis of MCF-7�BUS cells.

Because MCF-7 cells lack the CASP-3 gene that encodes
caspase-3 (25), an executioner caspase required for effective
DNA cleavage, DNA fragmentation is not typically observed
very strongly with apoptotic MCF-7 cells (26, 27). Concomitant
with this, our attempts to demonstrate MCF-7�BUS cell apo-
ptosis by assays dependent on DNA fragmentation were not
successful (data not shown). Therefore, to further confirm that
Bik is required for the fulvestrant-provoked cell apoptosis,
effects of the siRNAs on fulvestrant-induced cleavage of the
endogenous PARP in MCF-7�BUS cells was evaluated. In
nonapoptotic cells, PARP is observed in its uncleaved form
(116-kDa); in apoptotic cells, PARP is characteristically cleaved
by activated caspases to an 85-kDa fragment (28). As shown in
Fig. 4C, the 85-kDa apoptosis-indicating PARP fragment was
observed in fulvestrant-exposed cells transfected with the con-

Fig. 4. Bik is necessary for the fulvestrant-induced MCF-7�BUS cell apoptosis.
(A) Suppression of Bik expression by siRNA. Cells were transiently transfected
with Bik-specific (BIK) or sequence-scrambled control (CON) siRNA and then
cultured in the presence or absence of 100 nM fulvestrant for 48 h, followed
by evaluation of expression of Bik and actin (as control) by Western blotting.
(B) Suppression of fulvestrant-induced cell death by Bik-specific siRNA. Cells
were transiently transfected with Bik-specific (BIK) or sequence-scrambled
control (CON) siRNA and then cultured in the presence or absence of 100 nM
fulvestrant for 72 h. The phase-contrast images of the cultures show apoptotic
cells that are detached from the dish and round-shaped. (C) Suppression of
fulvestrant-induced PARP cleavage by Bik-specific siRNA. Cells were tran-
siently transfected with Bik-specific (BIK) or sequence-scrambled control
(CON) siRNA and then cultured in the presence or absence of 100 nM fulves-
trant for 72 h. The full-length (116 kDa) and apoptosis-signature fragment (85
kDa) of PARP were detected by Western blotting.
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trol siRNA. This fulvestrant-induced PARP cleavage was not
observed in cells transfected with the Bik-suppressing siRNA.
These results provided further evidence that Bik is involved in
the fulvestrant-induced apoptosis of human breast cancer cells.

Discussion
It has been widely accepted that many ER�-positive human breast
cancer cells require estrogen for their proliferation (1). However, a
number of published studies have demonstrated that estrogen is
also required for survival of certain breast cancer cells. When
subjected to estrogen starvation, exposure to antiestrogens, or
treatment with aromatase inhibitors, significant apoptosis of breast
cancer cells (including MCF-7 cells) have been observed in vivo and
in vitro (2–5), although the mechanisms of regulation of apoptosis
by estrogen is understood only poorly. In the present study, we have
found an unexpected induction of the Bik proapoptotic BH3-only
protein in human breast cancer cells during estrogen starvation and
exposure to antiestrogens. Experiments using siRNA demonstrated
that the induction of Bik is necessary for the antiestrogen-provoked
apoptosis of MCF-7�BUS cells. However, in other breast cancer
cell lines resistant to the antiestrogen-provoked apoptosis, expres-
sion of the Bik protein was not detected in the presence or absence
of fulvestrant, although some expressed the Bik mRNA transcripts
constitutively or in a fulvestrant-inducible manner. These findings
point to the importance of Bik in estrogen-regulated apoptosis of
breast cancer cells. Although several previous studies reported that
expression of Bcl-2 in MCF-7 cells is enhanced by E2 and decreased
by antiestrogens (5, 7–14), we observed only modest changes in
Bcl-2 expression in MCF-7�BUS cells cultured in the presence of
varying concentrations of E2. Although this may reflect differences
in MCF-7 cell stocks used in these studies, it is important to note
that changes in expression of Bcl-2 and Bcl-XL antiapoptotic
proteins, which are Bik target proteins, will strongly affect the
efficiency of the Bik-induced apoptosis.

Bik is a BH3-only, proapoptotic member of the Bcl-2 family of
apoptosis regulators (29). Bik binds directly to Bcl-2 and Bcl-XL
through its BH3 domain to inactivate their antiapoptotic func-
tions and provokes apoptosis in a Bax-dependent fashion (30).
Bik is reported to play a critical role in the apoptotic selection
of mature B lymphocytes (31, 32), and the Bik mRNA transcripts
are strongly expressed in several lymphoma cell lines (33).
Interestingly, missense mutations of BIK gene are frequently
found in human B-cell lymphomas (34). These studies suggest
that Bik may function as an apoptosis-inducing tumor suppressor
in B-cell lymphomas. The fact that a short chromosomal segment
containing the BIK locus (22q13) is frequently lost in human
colorectal cancers (35) and head-and-neck tumors (36) further
suggests a potential role of Bik as a tumor suppressor. Our
present observation that breast cancer cell lines resistant to the
antiestrogen-provoked apoptosis did not express the Bik protein
even when they strongly expressed the Bik mRNA transcripts
(Fig. 3F) is also consistent with the notion that Bik acts as an
apoptosis-inducing tumor suppressor. Although the mechanism
of the suppression of Bik protein expression in the apoptosis-
resistant cells is unknown, nucleotide sequences of the Bik
cDNA isolated from them did not show any changes in the ORF
or around the translational initiation site (J.H. and T.S., unpub-
lished), eliminating a possibility that mutations in the BIK gene
suppressed protein expression. Whether there is increased Bik
protein degradation in the apoptosis-resistant cells is currently
being studied. Several laboratories have proposed the in vivo

delivery of Bik to cancer cells as a novel strategy of gene therapy
(37–40). Authors of these studies suspected that Bik may not
only kill the cancer cells by apoptosis but also enhance sensitivity
of the cancer cells to the apoptosis-inducing actions of chemo-
therapeutic agents (33, 41, 42). Our finding that Bik is inducible
in breast cancer cells by antiestrogens may imply that the
antiestrogen therapy might enhance the efficacy of chemother-
apy by inducing Bik. Further studies are necessary to explore this
attracting possibility.

The molecular mechanisms leading to the increased expression
of the Bik mRNA transcripts by estrogen starvation and antiestro-
gen exposure are unknown but probably involve the transcriptional
activation of the BIK gene. The reported human BIK gene promoter
sequence (up to 	1.7 kb upstream from the transcriptional initia-
tion site) does not contain canonical estrogen responsive elements
(43). Mathai et al. (44) reported that expression of the Bik mRNA
transcripts in the KB human oral epithelial cells depends on the p53
tumor suppressor, but the authors did not identify functional
p53-interacting elements in the BIK promoter. Whether or not the
estrogen-regulated expression of the Bik mRNA transcripts ob-
served in the present study involves p53 remains to be determined.
Interestingly, using knockout mice, Villunger et al. (45) recently
demonstrated that two other BH3-only proteins, Puma and Noxa,
are induced in a p53-dependent manner in lymphocytes and
fibroblasts and mediate the apoptosis provoked by DNA damage,
suggesting their roles as tumor suppressors. It will be important to
determine whether Bik is also involved in the p53-dependent, DNA
damage-provoked apoptosis.

Because mice lacking Blk (the rodent homologue of Bik) have
not yet been reported, it is not known whether Blk�Bik is
involved in physiological growth, differentiation, and�or invo-
lution of mammary epithelial cells. Interestingly, Reginato et al.
(46) recently demonstrated that Bim, another BH3-only proapo-
ptotic protein, induced anoikis-induced apoptosis of MCF-10A
nontumorigenic human mammary epithelial cells and that Bim
expression was strongly induced when cells were detached from
the extracellular matrix. Bmf is yet another BH3-only protein
that is expressed constitutively in MCF-7 cells but sequestered to
myosin V motors by association with dynein light chain 2. Loss
of cell attachment (anoikis) unleashes Bmf, which then translo-
cates to mitochondria and induces apoptosis (47). It is therefore
tempting to speculate that a number of different members of the
BH-3 only proteins may play important roles in regulating the
death of normal and malignant mammary epithelial cells at
multiple physiological or pathological steps.

In summary, we have demonstrated a strong induction of the
Bik proapoptotic BH3-only protein in MCF-7�BUS human
breast cancer cells by estrogen starvation and antiestrogen
exposure. Suppression of Bik protein expression by siRNA
revealed that Bik induction was necessary for the antiestrogen-
induced apoptosis of this cell line. Breast cancer cell lines that are
resistant to the antiestrogen-provoked apoptosis did not express
Bik protein even when they strongly express the Bik mRNA
transcripts constitutively or in an antiestrogen-inducible manner.
These findings suggest that Bik, via its role in inducing apoptosis,
may function as a tumor suppressor in breast cancer.
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