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BACKGROUND. Because the overexpression of HER-2 and Bcl-2 is associated with

resistance to tamoxifen (TAM), the authors examined the effect of antisense (AS)

Bcl-2 on sensitivity to TAM compared with the effect of trastuzumab on sensitivity

to TAM in breast carcinoma cell lines.

METHODS. Drug sensitivity was assessed in vitro using a [3-4,5-dimethylthiazol-2-

yl]-2,5-diphenyltetrazolium bromide assay with the breast carcinoma cell lines

ZR-75-1, MDA-MB-453, and BT-474. AS Bcl-2 18-mer phosphorothioate oligonu-

cleotide was applied. Apoptotic cell death was assessed with the terminal deoxy-

nucleotidyl transferase-mediated biotinylated UTP nick-end labeling method, and

gene expression was evaluated with Western blot analysis.

RESULTS. The expression of Bcl-2 was identified in ZR-75-1 and BT-474 cells and,

to a lesser extent, in MDA-MB-453 cells. Overexpression of HER-2 was identified in

BT-474 cells, and moderate expression was identified in MDA-MB-453 and ZR-75-1

cells. Combination treatment with trastuzumab or AS Bcl-2 enhanced TAM sensi-

tivity in ZR-75-1 cells, which showed 50% inhibitory concentration (IC50) values of

0.9 �M (7.2-fold increase) and 0.5 �M (13.0-fold), respectively. Combination treat-

ment with trastuzumab or AS Bcl-2 slightly enhanced TAM sensitivity of BT-474

cells, with IC50 values of 3.0 �M (1.3-fold) and 1.5 �M (2.6-fold), respectively. The

sensitivity of MDA-MB-453 cells to TAM was not enhanced by combination with

trastuzumab or AS Bcl-2. Modulation of TAM sensitivity by AS Bcl-2 was superior

to modulation by trastuzumab in HER-2-expressing and Bcl-2-expressing breast

carcinoma cells. Enhanced sensitivity in combination with AS Bcl-2 was associated

with down-regulation of Bcl-2 and pAkt, which was correlated with the induction

of Bax and caspase-3, leading to apoptosis.

CONCLUSIONS. AS Bcl-2 appeared to be superior to trastuzumab with respect to

regulating the signal-transduction pathways involved in breast carcinoma cells.

Cancer 2005;103:2199 –207. © 2005 American Cancer Society.
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Tamoxifen (TAM) is a promising agent for antiestrogen therapy in
the adjuvant setting in patients with estrogen receptor (ER)-pos-

itive breast carcinoma. A survival benefit of TAM as adjuvant therapy
has been shown even in the presence of axillary lymph node metas-
tasis and regardless of menopausal status.1,2 Although TAM is used as
an antiestrogen treatment, failure occasionally occurs in the meta-
static setting. Recent advances in antiestrogen therapy suggest that
second-line therapy in this situation may include the use of aro-
matase inhibitors, which reportedly was effective against metastatic
breast carcinoma in patients who were treated previously with
TAM.3–5 A survival benefit of anastrozole in the adjuvant setting also
was reported recently.6 Nevertheless, because TAM resistance is an
inevitable phenomenon in situations of prolonged survival with met-
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astatic breast carcinoma, overcoming this resistance
may provide increased survival.

The Bcl-2 oncoprotein is a critical regulator of
apoptosis induced by both antitumor drugs and an-
tiestrogens in breast carcinoma.7,8 Apoptosis is impor-
tant in the antitumor effect, and molecular mecha-
nisms by which antitumor drugs and antiestrogens
induce apoptosis have shown that mitochondrial dys-
function is involved.9,10 The overexpression of Bcl-2
also is involved in the acquisition of resistance to
antitumor drugs and antiestrogens, which involves in-
hibition of the signal-transduction pathways that lead
to apoptosis.11,12 The regulation of Bcl-2 expression is
mediated by the promoter region of the ER-responsive
element in breast carcinoma, and the prognosis for
patients with Bcl-2-overexpressing tumors is better
compared with the prognosis for patients with non-
Bcl-2-overexpressing tumors.13 However, the induc-
tion of Bcl-2 protein expression during chemoendo-
crine treatment occasionally causes resistance to
antitumor drugs and antiestrogens. Thus, the induc-
tion of Bcl-2 expression is important in influencing
TAM sensitivity in patients with breast carcinoma.

The HER-2 oncoprotein is a member of the epi-
dermal growth factor family, which is involved in cell
proliferation, angiogenesis, and metastasis in tumor
cells.14,15 Overexpression of HER-2 is observed in 20 –
30% of breast carcinomas and is associated with drug
resistance and a poor prognosis.16 Transfection of the
HER-2 gene into breast tumor cells leads to resistance
to antitumor drugs, such as paclitaxel, docetaxel, and
TAM.17,18 Overexpression of HER-2 leads to phosphor-
ylation of Akt, which activates nuclear factor �B (NF-
�B) to inhibit apoptosis19 mediated by inhibitor-of-
apoptosis proteins.20 Furthermore, activation of pAkt
is correlated with induction of Bcl-2 expression
through cyclic AMP-responsive element-binding pro-
tein (CREB) and coupling to an antiapoptotic signaling
network.21 Thus, antiapoptotic signaling pathways
that involve HER-2 and Bcl-2 play a pivotal role in the
gain of resistance to apoptosis in response to antitu-
mor drugs and antiestrogens in breast carcinoma
cells. In the current study, we examined the enhance-
ment of TAM sensitivity by antisense (AS) Bcl-2 com-
pared with trastuzumab in breast carcinoma cells to
assess the therapeutic efficacy of AS strategies for
overcoming resistance to endocrine therapy in recep-
tor-positive breast carcinomas.

MATERIALS AND METHODS
Chemicals, Drugs, and Supplies
Chemicals and supplies were purchased from the fol-
lowing suppliers: RPMI 1640 and fetal bovine serum
were from GIBCO BRL (Tokyo, Japan). AS Bcl-2 phos-

phorothioate oligonucleotide (AS Bcl-2 ODN) and mis-
match AS Bcl-2 (MM Bcl-2) 18-mer oligonucleotide
were from Biologica Company, Ltd. (Tokyo, Japan).
Transfectam was from Biosera (Marlborough, France).
Anti-Bcl-2, anti-HER-2, anti-pAkt, anti-Bax, anti-
caspase 3, and antiactin rabbit polyclonal antibodies
were from Santa Cruz Biotechnology, Inc. (Santa Cruz,
CA). Peroxidase-conjugated antirabbit immunogloblin
G (IgG) was from Upstate Biotechnology (Lake Placid,
NY). The enhanced chemiluminescence (ECL) West-
ern blot detection system was from Amersham Phar-
macia Biotech, Ltd., (Buckinghamshire, United King-
dom). The in situ cell death detection kit was from
Boehringer Mannheim (Indianapolis, IN). TAM was
from Sigma Chemical Company (Tokyo, Japan). Tras-
tuzumab kindly was supplied by Chugai Pharmaceu-
tical Company, Ltd. (Tokyo, Japan).

Cell Lines
The human breast carcinoma cell lines ZR-75-1, MDA-
MB-453, and BT-474 were obtained from the Ameri-
can Type Culture Collection (Manassas, VA). Cells
were cultured in RPMI 1640 supplemented with 10%
heart-inactivated fetal bovine serum plus 1% penicil-
lin/streptomycin and 1% glutamine. Cultures were
maintained in a 5% CO2, humidified incubator at 37
°C, and experiments were performed with exponen-
tially growing cells.

The [3-4,5-Dimethylthiazol-2-yl]-2,5-Diphenyltetrazolium
Bromide Assay
The [3-4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazo-
lium bromide (MTT) assay was performed according
to a previously described method.22 Briefly, cells (2
� 103) were treated with antitumor drugs for 48 hours.
The tetrazolium agent was then added to each well.
This was followed by a 4-hour incubation. Then, the
culture medium supernatant was removed and dis-
solved mixed with dimethyl sulfoxide. After thorough
formazan solubilization, the absorbance of each well
was measured with a microculture plate reader at 540
nm. Growth inhibition was expressed as the ratio of
the mean absorbance of treated cells to that of control
cells. Each experiment was performed in triplicate,
and the growth inhibition rate was calculated as a 50%
inhibitory concentration (IC50) value.

The Terminal Deoxynucleotidyl Transferase-Mediated
Biotinylated UTP Nick-End Labeling Method
The terminal deoxynucleotidyl transferase (TdT)-me-
diated biotinylated UTP nick-end labeling (TUNEL)
method for assessment of apoptotic cell death was
carried out according to the manufacturer’s protocol,
as described previously.23 Briefly, the cells were
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treated with drugs and then incubated with TdT and
TdT buffer (biotin-16-dUTP), the reaction was made
visible with nitroblue tetrazolium, and the cells were
photographed. Apoptotic cell death was evaluated by
the appearance of brightly labeled nuclei and apopto-
tic bodies. The induction of apoptosis was represented
as the mean � standard deviation from four random
microscopic fields and was compared with that in
untreated cells.

Treatment with AS Bcl-2 Oligonucleotide
The AS Bcl-2 phosphorothioate ODN sequence was as
follows: 5�-TCT CCC AGC GTG CGC CAT-3�.24 The
sequence of the MM Bcl-2 was as follows: 5�-TCT CCC
AGC ATG TGC CAT-3�. AS and control ODNs were
added to the cells in the form of complexes with cat-
ionic lipopolyamine according to the manufacturer’s
protocol, as described previously.25 Briefly, the me-
dium was removed, and serum-free RPMI was added
to the cells. The ODN-lipopolyamine complex was
prepared and added dropwise to the cells. After 12
hours of incubation, cells were washed with serum-
free RPMI, and RPMI containing 10% fetal bovine
serum was added to the cells. Cells were then treated
with AS Bcl-2 ODN twice for 12 hours per treatment.
After the second treatment with AS Bcl-2 ODN, cells
were incubated with antitumor drugs for 48 hours,
and cell viability was assessed with the MTT assay.
Because the specificity and optimal concentration for
AS Bcl-2 have been reported in previous studies,24,26

the appropriate concentration of AS ODNs used in this
study was 1.0 �M. The treatment with 1.0 �M AS Bcl-2
for at least 12 hours did not affect cell viability of
breast carcinoma cells.

Western Blot Analysis
Western blot analysis was performed according to a
previously described method.27 Briefly, whole-cell ly-
sates were extracted with lysis buffer (10 mM Tris-HCl,
pH 8.0; 0.15 M NaCl; 1 mM ethylenediamine tetraace-
tic acid; 10 mM 3-[(3-cholamidopropyl) dimethyl-am-
monio]-1-propanesulfonate; 10 �g/mL aprotinin; and
0.02 mM phenylmethylsulfonyl fluoride), and the pro-
tein concentration was determined from 10 �g of each
sample. Proteins were separated on 10% sodium do-
decyl sulfate-polyacrylamide gels and were transferred
to polyvinylidene difluoride membranes with a poly-
blot. Filters were blocked in 5% skim milk in phos-
phate buffered saline (PBS) for 1 hour. After incuba-
tion with primary antibody for 24 – 48 hours, filters
were washed with PBS and then incubated with sec-
ondary antibody in 5% skim milk in PBS for 1 hour.
After washing the membranes with PBS for 30 min-

utes, bands were visualized with the ECL Western blot
detection system. Films were exposed for 15–30 min-
utes. The intensity of the bands was quantified by
densitometric scanning with NIH Image software (ver-
sion 1.56). For controls, the rabbit IgG serum was
used.

FIGURE 1. Expression levels of HER-2 and Bcl-2 proteins are illustrated in

the BT-474, MDA-MB-453, and ZR-75-1 breast carcinoma cell lines. (A)

Western blot analysis of HER-2 and Bcl-2 expression. (B) Quantification of

HER-2 and Bcl-2 expression by densitometric analysis. The relative expression

in the MDA-MB-453 cell line was compared with the expression in the BT-474

and ZR-75-1 cell lines (for details, see Materials and Methods). Results are

shown from two representative, independent experiments.

Effect of AS Bcl-2 and Trastuzumab on TAM/Kim et al. 2201



Statistical Analysis
Statistical significance was determined with Student t
tests or analysis of variance (ANOVA) with the Fisher
least-squares difference (LSD) test for multiple com-
parisons. P values � 0.05 were considered significant.

RESULTS
Expression of Bcl-2 and HER-2 in Breast Carcinoma Cell
Lines
To assess the expression of Bcl-2 and HER-2 in breast
carcinoma cell lines, Western blot analysis was carried
out. Figure 1 shows that Bcl-2 protein was expressed
in BT-474 and ZR-75-1 cells, whereas BCl-2 expression
in MDA-MB-453 cells was observed to a lesser extent.
Expression of Bcl-2 in ZR-75-1 cells was somewhat
higher than in BT-474 cells. These findings are consis-
tent in part with the expression of ER and progester-
one receptor in these cells; BT-474 and ZR-75-1 cells
express both ER and progesterone receptor, whereas
MDA-MB-453 cells are negative for both receptors
(data not shown), in agreement with the previous re-
ports.28,29 These observations of Bcl-2 expression also
are in agreement with previous reports. HER-2 was
overexpressed in BT-474 cells and was expressed to a
small extent in ZR-75-1 and MDA-MB-453 cells. These
results are in agreement with a previous report due to
mechanisms other than gene amplification, which
lead to overexpression of the HER-2/neu protoonco-
gene in carcinoma cells.30

Modulation of Sensitivity to TAM by Trastuzumab or AS
Bcl-2
To assess sensitivity to TAM in breast carcinoma cell
lines, IC50 values were determined by MTT assay. Ta-
ble 1 shows that the mean IC50 values were 6.5 �M in
ZR-75-1 cells, 0.7 �M in MDA-MB-453 cells, and 4.0
�M in BT-474 cells. These results indicate that MDA-
MB-453 cells are relatively sensitive to TAM compared
with the other cell lines, even though this cell line does
not express hormone receptor. Treatment with trastu-

zumab increased the sensitivity to TAM in HER-2-
overexpressing cells. The effect of AS Bcl-2 on TAM
sensitivity was then assessed. Figure 2 shows that the
dose-response curve for TAM was enhanced by treat-
ment with trastuzumab or AS Bcl-2 in ZR-75-1 and
BT-474 cells. Furthermore, TAM sensitivity was en-
hanced significantly to the greatest extent in combi-
nation with 0.5 �M TAM and AS Bcl-2 in the treatment
arm (P � 0.05; ANOVA with Fisher LSD test). In con-
trast, TAM sensitivity was not enhanced by either tras-
tuzumab or AS Bcl-2 in MDA-MB-453 cells; rather, it
appeared that treatment with AS Bcl-2 decreased sen-
sitivity to TAM. The IC50 values are summarized in
Table 1. Treatment with trastuzumab alone did not
differ from TAM in any of the cell lines, whereas treat-
ment with AS Bcl-2 alone showed a slight increase in
the IC50 value compared with TAM. Treatment with
trastuzumab enhanced the sensitivity to TAM of ZR-
75-1 cells, as shown by a 7.2-fold decrease in the IC50

value, whereas treatment with trastuzumab slightly
increased the sensitivity to TAM of BT-474 cells, as
shown by a 1.3-fold decrease in the IC50 value. Sensi-
tivity to TAM of MDA-MB-453 cells was not altered by
treatment with trastuzumab. Treatment with AS Bcl-2
enhanced TAM sensitivity in ZR-75-1 cells by 13.0 fold
and in BT-474 cells by 2.6 fold, whereas TAM sensitiv-
ity in MDA-MB-453 cells was not altered by treatment
with AS Bcl-2. MM Bcl-2 ODN had no effect. These
results indicate that modulation of HER-2 or Bcl-2 by
trastuzumab or AS can enhance sensitivity to TAM in
receptor-positive breast carcinoma cells.

Enhancement of Apoptotic Cell Death by Trastuzumab or
AS Bcl-2
To assess the induction of apoptotic cell death by TAM
in combination with trastuzumab or AS Bcl-2, TUNEL
assays were carried out (Fig. 3). The apoptotic indices
after treatment with 1.0 �M TAM, 0.1 �M trastu-
zumab, and 1.0 �M AS Bcl-2 alone in ZR-75-1 cells
were 1.2%, 2.6% � 0.9%, and 3.1% � 1.4%, respec-

TABLE 1
Modulation of Tamoxifen Sensitivity by Trastuzumab and Antisense Bcl-2 in Breast Carcinoma Cell Lines

Cell line

IC50 value (�M)

TAM Trastuzumab AS Bcl-2
Trastuzumab
and TAM

AS Bcl-2 and
TAM

MM Bcl-2 and
TAM

BT-474 4.0 3.9 3.6 3.0 (1.3) 1.5 (2.6) 3.8
MDA-MB-453 0.7 0.8 0.65 0.75 8.0 0.8
ZR-75-1 6.5 6.3 5.9 0.9 (7.2) 0.5 (13.0) 6.3

IC50: 50% inhibitory concentration; TAM: tamoxifen; AS: antisense; MM: mismatch. Data were derived from triplicate cultures and are presented as mean values (n � 3 cultures; standard deviation � 5%. Values

in parentheses indicate the x-fold decrease in the IC50 value.
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tively; whereas cotreatment with TAM and 0.1 �M
trastuzumab enhanced apoptotic cell death up to
18.0% � 1.5%. Cotreatment with TAM and 1.0 �M AS
Bcl-2 enhanced apoptotic cell death to 24.0% � 4.5%,
whereas cotreatment with MM Bcl-2 did not enhance
apoptotic cell death in 3.0% � 1.6%. In BT-474 cells,
induction of apoptotic cell death by TAM also was
enhanced in combination with AS Bcl-2. The apopto-
tic indices in response to treatment with TAM, trastu-
zumab, AS Bcl-2, trastuzumab plus TAM, AS Bcl-2 plus
TAM, and MM Bcl-2 plus TAM were 2.5%, 3.5% �
1.5%, 5.1% � 1.6%, 11.4% � 1.5%, 19.2% � 2.1%, and
2.7% � 2.2%, respectively. These findings indicate
that, although combination treatment with trastu-
zumab or AS Bcl-2 enhanced sensitivity to TAM in
receptor-positive breast carcinoma cells, the enhance-
ment of TAM sensitivity by AS Bcl-2 was greater than
the enhancement by trastuzumab in ZR-75-1 and BT-
474 cells, which are Bcl-2-expressing breast carcinoma
cell lines.

Mechanisms by which Treatment with Trastuzumab or
AS Bcl-2 Enhances TAM Sensitivity
To assess the mechanisms by which combination
treatment with trastuzumab or AS Bcl-2 enhances sen-
sitivity to TAM, the expression of apoptosis-related
proteins was analyzed. The expression of Bcl-2 protein
and pAkt after treatment with 1.0 �M AS Bcl-2 plus 1.0
�M TAM was down-regulated, and the expression of
Bax and caspase-3 was increased after the treatment
for apoptosis in ZR-75-1 cells, whereas cotreatment
with MM Bcl-2 did not increase the expression of these
proteins (Fig. 4). Although trastuzumab treatment
down-regulated pAkt activity to a lesser extent com-
pared with AS Bcl-2 treatment, which was connected
with a slight induction of Bax and caspase-3 in BT-474
cells, trastuzumab did not down-regulate Bcl-2 ex-
pression. These results indicate that down-regulation
of Bcl-2 by AS Bcl-2 or down-regulation of HER-2 by
trastuzumab activates apoptotic signal-transduction
pathways in breast carcinoma cells and that the sus-
ceptibility to apoptotic cell death in response to AS
Bcl-2 may be superior to the response to trastuzumab
in terms of dual inhibition of Bcl-2-mediated and Akt-
mediated antiapoptotic signaling pathways.

DISCUSSION
In the current study, we showed that sensitivity to
TAM was modulated by AS Bcl-2 or trastuzumab in
receptor-positive breast carcinoma cells. The en-
hancement of TAM sensitivity by AS Bcl-2 was greater
compared with enhancement by trastuzumab. This
may be due to a difference in the Bcl-2-mediated
antiapoptotic signaling pathway, which is correlated

with the inactivation of pAkt. Down-regulation of
HER-2 after treatment with trastuzumab does not nec-
essarily decrease Bcl-2 expression, even in the pres-
ence of down-regulated pAkt. In contrast, treatment
with AS Bcl-2 down-regulated Bcl-2 protein as well as
pAkt, suggesting that AS Bcl-2 may exert its inhibitory
action through both Bcl-2 and pAkt antiapoptotic

FIGURE 2. Dose-response curves for the modulation of sensitivity to tamox-

ifen (TAM) in combination with trastuzumab or antisense (AS) Bcl-2 in the

ZR-75-1 (A), MDA-MB-453 (B), and BT-474 (C) breast carcinoma cell lines

(trastuzumab, 0.1 �M; AS and mismatch [MM] Bcl-2, 1.0 �M; for details, see

Materials and Methods). Results are shown from three representative, inde-

pendent experiments. Error bars indicate the mean � standard deviation;

asterisks indicate P values � 0.05 (analysis of variance with Fisher least-

squares difference test).
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pathways in some breast carcinoma cells. Thus, it may
be more effective to use AS Bcl-2 than trastuzumab to
enhance TAM sensitivity in some receptor-positive
breast carcinomas.

It is believed that antiapoptotic signaling path-
ways involve Bcl-2 and pAkt.9,10 Overexpression of
Bcl-2 has been found in 60 – 80% of breast carcinomas,
and overexpression of Akt also has been reported in
several human malignancies.31,32 The molecular
mechanisms by which overexpression of Bcl-2 or Akt
produces resistance to apoptosis may involve the fol-
lowing: 1) inhibition of cytochrome c release from
mitochondria and inhibition of homodimerization
with Bax by Bcl-2, which blocks caspase cascades33; 2)
phosphorylation of Bad and inhibition of caspase-9
activation by Akt34,35; 3) induction of Bcl-2 expression
by Akt through CREB36; and 4) activation of NF-�B by
Akt and activation of inhibitor-of-apoptosis pro-
teins.37 Thus, Bcl-2 and Akt are involved in multiple
antiapoptotic signaling pathways. With respect to the
mechanism of TAM resistance, it has been reported
that breast carcinoma cells can undergo hormone-
independent growth and, in turn, growth factor-de-
pendent growth activated by the transcription factor
AP-1.38 Overexpression of HER-2 is observed in TAM-
resistant cells,39 and treatment with trastuzumab
overcomes this resistance.40 Moreover, TAM resis-
tance also is induced by overexpression of Akt and
Bcl-2.41 Despite the fact that overall survival is better
in patients with Bcl-2-overexpressing breast carci-
noma than in patients with non-Bcl-2-overexpressing

breast carcinoma, increased Bcl-2 expression causes
resistance not only to antitumor drugs but also to TAM
in breast carcinoma cells. pAkt-positive breast carci-
nomas are more prone to recur with distant metasta-
ses, which is an independent prognostic factor.42

These findings indicate that modulation of HER-2 and
Bcl-2 with AS and antibody to increase TAM sensitivity
is a good strategy for the treatment of hormone-inde-
pendent growth in patients with breast carcinoma
who have failed TAM treatment. The clinical use of AS
Bcl-2 may be better than trastuzumab in terms of TAM
modulation in receptor-positive breast carcinoma
cells.

Trastuzumab, which is a chimeric, humanized an-
ti-HER-2 antibody, provides a promising treatment for
patients with metastatic breast carcinoma. Therapeu-
tic efficacy in terms of response rate, response dura-
tion, and median survival in combination with doxo-
rubicin and paclitaxel has been shown compared with
monotherapy using chemotherapeutic agents.43 In ad-
dition, a therapeutic benefit of combined vinorelbine
and trastuzumab has been reported in patients who
failed treatment with taxanes.44 Possible mechanisms
by which trastuzumab enhances sensitivity to antitu-
mor drugs are as follows45: 1) down-regulation of the
HER-2 receptor, 2) prevention of HER-2/HER-3 and
HER-2/HER-4 heterodimer formation, 3) induction of
G1 arrest, and 4) induction of antibody-dependent
cellular cytotoxicity. Treatment with trastuzumab
overcomes resistance to TAM in breast carcinoma
cells in vitro, and growth factor-dependent growth of

FIGURE 3. Apoptotic cell death was

assessed using the terminal deoxynu-

cleotidyl transferase-mediated biotinyl-

ated UTP nick-end labeling method after

treatment with tamoxifen (TAM) in com-

bination with trastuzumab or antisense

(AS) Bcl-2 in the ZR-75-1 and BT-474

breast carcinoma cell lines. The apopto-

tic index was calculated compared with

that in control cells (TAM, 0.5 �M; tras-

tuzumab, 0.1 �M; AS Bcl-2, 1.0 �M; for

details, see Materials and Methods). Re-

sults are shown from two representa-

tive, independent experiments. Error

bars indicate the mean � standard de-

viation; asterisks indicate P values

� 0.05 (Student t test). MM Bcl-2: mis-

match Bcl-2.
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carcinoma cells is modulated by restoring TAM sensi-
tivity. In the current study, treatment with trastu-
zumab enhanced sensitivity to TAM in ZR-75-1 cells,
whereas sensitivity to TAM in BT-474 cells was in-
creased only slightly, even though BT-474 cells
showed more receptor overexpression than ZR-75-1
cells. The difference in modulation of TAM sensitivity
by trastuzumab and AS Bcl-2 in ZR-75-1 and BT-474

cells may be due to activation of downstream anti-
apoptotic signal-transduction pathways. Treatment
with trastuzumab down-regulates HER-2 expression
at a low concentration of 10 nM. Down-regulation of
Bcl-2 may occur through a different pathway. Thus, a
possible explanation for the differential effect of tras-
tuzumab in the enhancement of drug sensitivity may
be its effect on the Bcl-2 signaling pathway in breast
carcinoma. This implies that dual modulation of an-
tiapoptotic signals mediated by Bcl-2 and pAkt will be
more effective for enhancing TAM sensitivity than the
modulation of each signal alone. The potential inter-
action between Bcl-2 and Akt for drug sensitivity has
been implicated in previous reports. The enforced
overexpression of Bcl-2 prevented daunorubicin-in-
duced apoptosis through inhibition of Akt degradation
in U937 leukemic cells.46 The inhibition of Akt pro-
duced a decreased protein level of Bcl-2 in pancreatic
carcinoma cells in association with the decreased
function of NF-�B, which is capable of transcriptional
activation of Bcl-2.47 The integrity and function of a
Akt/NF-�B/Bcl-2 signaling pathway may be depen-
dent on various factors, including the cell type and
genetic background of carcinoma cells.

AS strategies for the modulation of specific pro-
teins involved in cell proliferation and apoptosis have
been developed for protein kinase C�,48 c-Raf,49 and
Bcl-2.50 The therapeutic efficacy of AS Bcl-2 (G3139,
Genasense, oblimersen sodium; Genta Inc.) combined
with antitumor drugs has been examined in Phase III
trials for chronic lymphocytic leukemia, multiple my-
eloma, and malignant melanoma. Although the recent
results of Phase III trial of G3139/dacarbazine versus
dacarbazine alone in patients with advanced malig-
nant melanoma did not show a significant increase in
overall survival by the addition of G3139, combination
treatment with G3139 and dacarbazine showed a sig-
nificant increase in progression-free survival and re-
sponse rates compared with dacarbazine alone.51 The
clinical efficacy of G3139 for the treatment of solid
tumors, including breast carcinoma, colon carcinoma,
gastric carcinoma, small cell lung carcinoma, and
bladder carcinoma, also is under investigation. We
have shown that treatment with AS Bcl-2 enhanced
drug sensitivity to mitomycin C and paclitaxel in
MDA-MB-231 cells by modulating the signal-trans-
duction pathways involving Bax, cytochrome c, and
caspase-3.26 Furthermore, down-regulation of Bcl-2
by AS activated caspase-8 through both death recep-
tor-dependent and receptor-independent pathways.
Although the mechanism by which TAM exerts its
cytotoxic effects occurs through competitive inhibi-
tion of estradiol binding to the ER-responsive element,
treatment with TAM actually induces apoptotic cell

FIGURE 4. Changes in the expression of apoptosis-related proteins are

illustrated after treatment with tamoxifen in (TAM) combination with antisense

(AS) Bcl-2 in the ZR-75-1 (A) and BT-474 (B) breast carcinoma cell lines (TAM,

1.0 �M; trastuzumab, 0.1 �M; AS Bcl-2, 1.0 �M; for details, see Materials and

Methods). Results are shown from two representative, independent experi-

ments. MM Bcl-2: mismatch Bcl-2; IgG: immunoglobulin G.
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death in breast carcinoma cells and is associated with
the induction of Bax, Fas, caspase-8, cytochrome c,
and caspase-3 and with the activation of caspase cas-
cades. In addition, treatment with TAM induces
G0/G1 cell-cycle arrest in association with apoptosis.52

These findings suggest that growth arrest by TAM
triggers the activation of signal-transduction pathways
leading to apoptosis. Assuming that signal-transduc-
tion pathways for apoptosis are activated after TAM
treatment, it appears that the signaling pathways are
mediated by death receptor-dependent and receptor-
independent pathways and by activation of caspase
cascades. Thus, because mitochondrial dysfunction by
release of cytochrome c is a critical event in promoting
apoptosis, it is conceivable that AS therapies for the
modulation of Bcl-2-mediated antiapoptotic pathways
provide a good strategy for the enhancement of TAM
sensitivity in breast carcinoma cells.

In conclusion, the use of Bcl-2 AS oligonucleotide
is effective for the modulation of TAM sensitivity in
HER-2 and Bcl-2-overexpressing breast carcinoma
cells. Treatment with AS Bcl-2 may be more effective
than trastuzumab in terms of modulating antiapop-
totic signaling pathways that involve Bcl-2 and Akt in
hormone-independent growth in TAM-resistant
breast carcinoma cells.

REFERENCES
1. Early Breast Cancer Trialists’ Collaborative Group. Effect of

adjuvant tamoxifen and of cytotoxic therapy on mortality in
early breast cancer. An overview of 61 randomized trials
among 28,896 women. N Engl J Med. 1988;319:1681–1692.

2. Early Breast Cancer Trialists’ Collaborative Group. Tamox-
ifen for early breast cancer: an overview of the randomized
trials. Early Breast Cancer Trialists’ Collaborative Group.
Lancet. 1988;351:1451–1467.

3. Buzdar AU, Jonat W, Howell A, et al. Anastrozole versus
megesterol acetate in the treatment of postmenopausal
women with advanced breast carcinoma: results of a sur-
vival update based on a combined analysis of data from two
mature Phase III trials. Cancer. 1988;83:1142–1152.

4. Dombernowsky P, Smith I, Falkson G, et al. Letrozole, a new
oral aromatase inhibitor for advanced breast cancer: dou-
ble-blind randomized trial showing a dose effect and im-
proved efficacy and tolerability compared with megestrol
acetate. J Clin Oncol. 1998;16:453– 461.

5. Kaufmann M, Bajetta E, Dirix LY, et al. Exemestane is supe-
rior to megestrol acetate after tamoxifen failure in post-
menopausal women with advanced breast cancer: results of
a Phase III randomized double-blind trial. J Clin Oncol.
2000;18:1399 –1411.

6. Baum M, Budzar AU, Cuzick J, et al. ATAC Trialists’ Group.
Anastrozole alone or in combination with tamoxifen versus
tamoxifen alone for adjuvant treatment of postmenopausal
women with early breast cancer: first results of the ATAC
randomized trial. Lancet. 2002;359:2131–2139.

7. Chang J, Ormerod M, Powles TJ, Allred DC, Ashley SE, Dow-
sett M. Apoptosis and proliferation as predictors of chemo-

therapy response in patients with breast carcinoma. Cancer.
2000;89:2145–2152.

8. Sjostrom J, Blomqvist C, von Boguslawski K, et al. The pre-
dictive value of bcl-2, bax, bcl-xL, bag-1, fas, and fasL for
chemotherapy response in advanced breast cancer. Clin
Cancer Res. 2002;8:811– 816.

9. Debatin KM, Poncet D, Kroemer G. Chemotherapy: target-
ing the mitochondrial cell death pathway. Oncogene. 2002;
21:8786 – 8803.

10. Kim R, Tanabe K, Uchida Y, Emi M, Inoue H, Toge T.
Current status of the molecular mechanisms of anticancer
drug-induced apoptosis—the contribution of molecular-
level analysis to cancer chemotherapy. Cancer Chemother
Pharmacol. 2002;50:343–352.

11. Keen JC, Dixon JM, Miller EP, et al. The expression of Ki-S1
and BCL-2 and the response to primary tamoxifen therapy
in elderly patients with breast cancer. Breast Cancer Res
Treat. 1997;44:123–133.

12. Real PJ, Sierra A, De Juan A, Segovia JC, Lopez-Vega JM,
Fernandez-Luna JL. Resistance to chemotherapy via Stat3-
dependent overexpression of Bcl-2 in metastatic breast can-
cer cells. Oncogene. 2002;21:7611–7618.

13. Dong L, Wang W, Wang F, et al. Mechanisms of transcrip-
tional activation of bcl-2 gene expression by 17 beta-estra-
diol in breast cancer cells. J Biol Chem. 1999;274:32099 –
32107.

14. de Bono JS, Rowinsky EK. The ErbB receptor family: a ther-
apeutic target for cancer. Trends Mol Med. 2002;8:19 –26.

15. Penuel E, Schaefer G, Akita RW, Sliwkowski MX. Structural
requirements for ErbB2 transactivation. Semin Oncol. 2001;
28:36 – 42.

16. Li Z, Xia W, Fang B, Yan DH. Targeting HER-2/neu-overex-
pressing breast cancer cells by an antisense iron responsive
element-directed gene expression. Cancer Lett. 2001;174:
151–158.

17. Yu D, Liu B, Tan M, Li J, Wang SS, Hung MC. Overexpression
of c-erbB-2/neu in breast cancer cells confers increased
resistance to Taxol via mdr-independent mechanisms. On-
cogene. 1996;13:1359 –1365.

18. Yu D, Liu B, Jing T, et al. Overexpression of both p185c-erbB2

and p170mdr-1 renders breast cancer cells highly resistant to
Taxol. Oncogene. 1998;16:2087–2094.

19. Zhou BP, Hu MC, Miller SA, et al. HER-2/neu blocks tumor
necrosis factor-induced apoptosis via the Akt/NF-kappa B
pathway. J Biol Chem. 2000;275:8027– 8031.

20. Wang CY, Mayo MW, Korneluk RG, Goeddel DV, Baldwin AS
Jr. NF-kappa B antiapoptosis: induction of TRAF1 and
TRAF2 and c-IAP1 and c-IAP2 to suppress caspase-8 activa-
tion. Science. 1998;281:1680 –1683.

21. Pugazhenthi S, Nesterova A, Sable C, et al. Akt/protein kinase
B up-regulates Bcl-2 expression through cAMP-response ele-
ment-binding protein. J Biol Chem. 2000;275:10761–10766.

22. Kim R, Ohi Y, Inoue H, Toge T. Activation and the interac-
tion of proapoptotic genes in modulating sensitivity to an-
ticancer drugs in gastric cancer cells. Int J Oncol. 1999;15:
751–756.

23. Kim R, Minami K, Nishimoto N, Toge T. Enhancement of
antitumor effect by intratumoral administration of bax gene
in combination with anticancer drugs in gastric cancer. Int
J Oncol. 2001;18:363–367.

24. Kim R, Tanabe K, Uchida Y, Emi M, Toge T. Effect of Bcl-2
antisense oligonucleotides on drug-sensitivity in association
with apoptosis in undifferentiated thyroid carcinoma. Int J
Mol Med. 2003;11:799 – 804.

2206 CANCER May 15, 2005 / Volume 103 / Number 10



25. Webb A, Cunningham D, Cotter F, et al. bcl-2 anti-sense
therapy in patients with non-Hodgkin lymphoma. Lancet.
1997;349:1137–1141.

26. Tanabe K, Kim R, Inoue H, Emi M, Uchida Y, Toge T. Effect
of antisense Bcl-2 and HER-2 oligonucleotides on enhance-
ment of drug-sensitivity in breast cancer cells. Int J Oncol.
2003;22:875– 881.

27. Kim R, Ohi Inoue H, Toge T. Enhancement of chemothera-
peutic agent induced-apoptosis associated with activation
of c-Jun N-terminal kinase 1 and caspase-3 (CPP32) in bax-
transfected gastric cancer cells. Anticancer Res. 2000;20:439 –
444.

28. Love-Schimenti CD, Gibson DF, Ratnam AV, Bikle DD. An-
tiestrogen potentiation of antiproliferative effects of vitamin
D3 analogues in breast cancer cells. Cancer Res. 1996;56:
2789 –2794.

29. Grunt TW, Saceda M, Martin MB, et al. Bidirectional inter-
actions between the estrogen receptor and the cerbB-2 sig-
naling pathways: heregulin inhibits estrogenic effects in
breast cancer cells. Int J Cancer. 1995;63:560 –567.

30. Kury FD, Schneeberger C, Sliutz G, et al. Determination of
HER-2/neu amplification and expression in tumor tissue
and cultured cells using a simple, phenol free method for
nucleic acid isolation. Oncogene. 1990;5:1403–1408.

31. Staal SP. Molecular cloning of the akt oncogene and its
human homologues Akt1 and Akt2: amplification of Akt1 in
a primary human gastric adenocarcinoma. Proc Natl Acad
Sci USA. 1987;84:5034 –5037.

32. Nakatani K, Thompson DA, Barthel A, et al. Up-regulation of
Akt3 in estrogen receptor-deficient breast cancers and an-
drogen-independent prostate cancer lines. J Biol Chem.
1999;274:21528 –21532.

33. Adams JM, Cory S. The Bcl-2 protein family: arbiters of cell
survival. Science. 1998;281:1322–1326.

34. Datta SR, Dudek H, Tao X, et al. Akt phosphorylation of Bad
couples survival signals to the cell-intrinsic death machin-
ery. Cell. 1997;91:231–241.

35. Cardone MH, Roy N, Stennicke HR, et al. Regulation of cell
death protease caspase-9 by phosphorylation. Science. 1998;
282:1318 –1321.

36. Meng F, Liu L, Chin PC, D’Mello SR. Akt is a downstream
target of NF-kappa B. J Biol Chem. 2002;277:29674 –29680.

37. Nimmanapalli R, Bhalla K. Mechanisms of resistance to
imatinib mesylate in Bcr-Abl-positive leukemias. Curr Opin
Oncol. 2002;14:616 – 620.

38. Liu Y, Ludes-Meyers J, Zhang Y, et al. Inhibition of AP-1
transcription factor causes blockade of multiple signal
transduction pathways and inhibits breast cancer growth.
Oncogene. 2002;21:7680 –7689.

39. Kumar R, Mandel M, Lipton A, Harvey H, Thompson CB.
Overexpression of HER2 modulates bcl-2, bcl-XL, and ta-
moxifen-induced apoptosis in human MCF-7 breast cancer
cells. Clin Cancer Res. 1996;2:1215–1219.

40. Nicholson BP. Ongoing and planned trials of hormonal ther-
apy and trastuzumab. Semin Oncol. 2000;27:33–37.

41. Campbell RA, Bhat-Nakshatri P, Patel NM, Constantinidou
D, Ali S, Nakshatri H. Phosphatidylinositol 3-kinase/AKT-
mediated activation of estrogen receptor alpha: a new
model for anti-estrogen resistance. J Biol Chem. 2001;276:
9817–9824.

42. Perez-Tenorio G, Stal O, Southeast Sweden Breast Cancer
Group. Activation of AKT/PKB in breast cancer predicts a
worse outcome among endocrine treated patients. Br J Can-
cer. 2002;86:540 –545.

43. Slamon DJ, Leyland-Jones B, Shak S, et al. Use of chemo-
therapy plus a monoclonal antibody against HER2 for met-
astatic breast cancer that overexpresses HER2. N Engl J Med.
2001;344:783–792.

44. Burstein HJ, Kuter I, Campos SM, et al. Clinical activity of
trastuzumab and vinorelbine in women with HER2-overex-
pressing metastatic breast cancer. J Clin Oncol. 2001;19:
2722–2730.

45. Kim R, Tanabe K, Uchida Y, Osaki A, Toge T. The role of
HER-2 oncoprotein in drug-sensitivity in breast cancer. On-
col Rep. 2002;9:3–9.

46. Kim YH, Park JW, Lee JY, Surh YJ, Kwon TK. Bcl-2 overex-
pression prevents daunorubicin-induced apoptosis through
inhibition of XIAP and Akt degradation. Biochem Pharma-
col. 2003;66:1779 –1786.

47. Fahy BN, Schlieman M, Virudachalam S, Bold RJ. AKT inhi-
bition is associated with chemosensitisation in the pancre-
atic cancer cell line MIA-PaCa-2. Br J Cancer. 2003;89:391–
397.

48. Mani S, Rudin CM, Kunkel K, et al. Phase I clinical and
pharmacokinetic study of protein kinase C-alpha antisense
oligonucleotide ISIS 3521 administered in combination with
5-fluorouracil and leucovorin in patients with advanced
cancer. Clin Cancer Res. 2002;8:1042–1048.

49. Cripps MC, Figueredo AT, Oza AM, et al. Phase II random-
ized study of ISIS 3521 and ISIS 5132 in patients with locally
advanced or metastatic colorectal cancer: a National Cancer
Institute of Canada Clinical Trials Group Study. Clin Cancer
Res. 2002;8:2188 –2192.

50. Gutierrez-Puente Y, Zapata-Benavides P, Tari AM, Lopez-
Berestein G. Bcl-2-related antisense therapy. Semin Oncol.
2002;29:71–76.

51. Millward MJ, Bedikian AY, Conry RM, et al. Randomized
multinational Phase 3 trial of dacarbazine (DTIC) with or
without Bcl-2 antisense (oblimersen sodium) in patients
(pts) with advanced malignant melanoma (MM): analysis of
long-term survival. Proc Am Soc Clin Oncol. 2004;711:7505.

52. Jones JL, Daley BJ, Enderson BL, Zhou JR, Karlstad MD.
Genistein inhibits tamoxifen effects on cell proliferation and
cell cycle arrest in T47D breast cancer cells. Am Surg. 2002;
68:575–577.

Effect of AS Bcl-2 and Trastuzumab on TAM/Kim et al. 2207


