
Abstract. Caspases play an essential role in the initiation/
regulation of apoptosis. Aberrant apoptotic regulation has been
associated with carcinogenesis and therapeutic resistance. To
explore the possible involvement of altered caspase expression
in breast cancer, we have systematically examined the expres-
sion of both protein and mRNA levels of 7 caspases in a panel
of 18 breast cancer cell lines. We found that variation of
caspase expression can occur at both protein and RNA levels.
Down-regulation of these caspases, especially caspase-8 and
-10, was frequently observed. Functional screening of these
selected cell lines using TNF-·, doxorubicin and radiation
induced cell injury showed that a lack of functional caspase-8
resulted in resistance to TNF-·-induced apoptosis. Array
style examination of caspase expression profiles in breast
cancer cell lines yields massive information that is valuable
in establishing cell line models to study the role of caspase
down-regulation/deficiency in breast cancer development and
therapeutic resistance.

Introduction

Apoptosis, or programmed cell death, is an important mecha-
nism that facilitates the cyclic proliferation and involution
processes associated with the menstrual cycle, pregnancy and
lactation (1). Intact apoptotic regulation is also required for
auto-execution of cells in response to anti-cancer therapies.
Abnormal apoptotic cascades and specific regulators have
been reported in breast cancers. Defective apoptosis is believed
to be responsible (at least in part) for breast carcinogenesis.
Mechanistically, this process can be altered via critical tumor
suppressor genes, such as p53, whose encoded protein induces
apoptosis in response to DNA damage and other stresses. The

p53 gene is mutated in approximately one third of breast
cancers (2). Signaling proteins such as Bax, a proapoptotic
factor of the Bcl-2 family, have also been shown to be altered
in the majority of breast cancers (3,4). p53 and Bax alter-
ations have been associated with therapeutic resistance and
significantly worse survival (3,4). Defects in a myriad of other
apoptotic regulators, such as the caspase enzymes, are also
likely contributors to breast carcinogenesis and therapeutic
resistance.

Numerous stimuli may induce apoptosis through the death
receptor or mitochondrial pathways. These converge into a
common pathway, known as the ‘caspase cascade’ (5).
Caspases are a group of cysteine proteases that play a central
role in both apoptotic initiation and execution because of their
ability to activate proteins via a complex system of direct and
feedback loops (6). To date, 14 mammalian caspases have
been cloned. These have been subdivided into three major
groups based on functional similarities: i) initiator or apical
caspases, such as caspase-2, -8, -9 and -10; ii) effector caspases,
such as caspase-3, -6 and -7; and iii) caspases involved in
cytokine maturation and inflammation, such as caspase-1, -4
and -5 (6,7). The regulation of caspases is believed to be
primarily at the protein level. In the absence of an apoptotic
signal, caspase proteins are inactive zymogens, or procaspases.
Proapoptotic signals activate caspases by cleavage of these
proteins, resulting in functional enzymes (8). Activation of the
caspase cascade eventually results in proteolysis of numerous
subcellular substrates, such as poly-(ADP-ribose) polymerase
(PARP), and Lamin B. Cleavage of these critical proteins
disables cellular processes and breaks down the subcellular
cytoskeleton, resulting in the classical morphologic features
of apoptosis such as nuclear fragmentation and blebbing (9).

Alterations of caspase expression appear to be a factor
contributing to aberrant apoptosis in cancer cells. We and
others have reported that caspase-3 is deficient in MCF-7
breast cancer cells (10,11). Its reconstitution significantly
sensitizes these cells to doxorubicin, etoposide and radiation-
induced apoptosis (11-13). Studies of human breast cancers
indicate this may be an important and frequent phenomenon,
as it accounts for approximately a 75% lack of caspase-3
transcription and protein expression (14). Caspase-8 deficiency
has been associated with both lung cancers and neuroblastomas
(15,16).

We hypothesize that caspase deficiency/down-regulation
may be common in breast cancer, likely enhances cell survival,
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even in the setting of significant cell aberrations, thus promoting
breast carcinogenesis and therapeutic resistance. To test this
hypothesis, we performed a systematic examination of the
expression profile of both protein and mRNA of multiple
caspases, including caspase-2, -3, -6, -7, -8, -9 and -10, in
18 breast cancer cell lines. We also performed functional
screening of these cell lines for their response to doxorubicin,
radiation or TNF-·. These stimuli induce apoptosis through
mitochondrial or death receptor pathways. Our results reveal
that the caspase deficiency/down-regulation is very common
in breast cancer cell lines and, when present, is associated
with apoptotic resistance. Our data supports a role for
caspases in breast cancer development and their frequent
therapeutic resistance. The data may also be useful for
investigators who work with these model systems, as marked
heterogeneity exists.

Materials and methods

Reagents. Chemicals including 5-diphenyltetrazolium bromide
(MTT), cycloheximide (CHX), DMEM/F12 medium and
others were purchased from Sigma (St. Louis, MO). Anti-
bodies against caspase-3, -6, -7, -10 and actin were purchased
from Santa Cruz Biotechnology (Santa Cruz, CA). Anti-
bodies against caspase-2, -8 or -9 were purchased from BD
Biosciences (San Diego, CA). Horseradish peroxidase (HRP)-
labeled secondary antibodies were purchased from Amersham/
GE Health Care (Piscataway, NJ). Caspase multiplex PCR
set-5 and 6 were purchased from BioSources (Carmarillo, CA).

Cell lines and cell culture. All the breast cancer cell lines
used in this study, including MDA-MB-330, MDA-MB-483,
HS-578T, MDA-MB-361, MDA-MB-468, MDA-MB-436,
MDA-MB-415, BT-474, MDA-MB-415, MDA-MB-157,
T47D, MCF-10A, ZR-75-1, MDA-MB-134VI, BT-20, SK-
BR-3, MDA-MB-453, MDA-MB-231, ZR-75-30, MDA-MB-
435s and MCF-10A were purchased from ATCC (Manassas,
VA). The cells were cultured in DMEM/F12 medium con-
taining 10% fetal bovine serum (FBS).

Western blotting. Drug-treated or non-synchronized cells were
lysed with a lysis buffer containing 50 mM Tris, 5 mM EDTA,
150 mM NaCl, 0.5% NP-40 and protease inhibitors. The
protein concentration was determined using a BCA assay kit
(Pierce Biotechnology Inc. Rockford, IL). Fifty micrograms
of protein lysate was loaded onto each lane of a gel. Proteins
were separated with 12 or 15% SDS-PAGE and transferred
to a nitrocellulose membrane. The membrane was probed with
the relevant, specific primary antibodies at a dilution of 1:300-
2000, followed by washing and probing with an appropriate
secondary antibody. Specific protein bands were visualized
by autoradiography using an ECL kit (Amersham/GE Health
Care).

TNF-· treatment and DAPI (4', 6-diamidino-2-phenylindole,
dihydrochloride) staining. Cells from each line were inocu-
lated into a 60-mm dish at 1x106/dish 24 h before treatment.
The cells were then treated with 80 ng/ml TNF-· plus 5 μg/
ml CHX for 4 h, followed by trypsinization. Treated cells
were fixed with 2% paraformaldehyde at 4˚C for 30 min. The

cells were stained with 0.5 μg/ml DAPI for 30 min. Stained
cells were then washed and mounted on slides using a cyto-
spinner. Nuclear morphology of the cells was visualized using
an Olympus fluorescence microscope. Cells with nuclear
condensation and/or nuclear fragmentation were counted as
apoptotic cells (11). At least 300 cells were counted from each
slide/sample. The apoptotic index (% of cells in apoptosis)
was calculated using the ratio of cells in apoptosis, divided
by the total number of cells multiplied by 100. The experiments
were performed in triplicate.

MTT assay. MTT assays were used to evaluate cell death
responses to various doses of doxorubicin and radiation. For
doxorubicin treatment, the cells were inoculated into 96-well
plates at 1x103 cells/well 24 h before treatment. The cells were
then treated with increasing concentrations of doxorubicin
ranging from 0.15 to 9000 nM, for 6 days. After removal of
the medium, 50 μl of MTT solution (500 μg/ml) was added
to each well followed by 4-h incubation. MTT solution was
replaced by DMSO to dissolve blue formazan crystals, and
absorbance was measured at 562 nm using a microplate
reader. For the radiation experiments, cells were inoculated
into a 60-mm dish at 1x106/dish 24 h before radiation. The
cells were then irradiated at doses ranging from 0.5 to 32 Gy
(at 3 time intervals) using a Varian Clinac 4 Photon Linear
Accelerator and inoculated into 96-well plates at 1x103 cells/
well. MTT assay was performed 6 days after radiation. For
ID50 determination from the MTT assay, non-linear regres-
sion analysis was performed with Cricket Graph software to
generate curves for ID50 calculation.

RNA extraction, reverse transcription (RT) and multiplex PCR.
Total-RNA was isolated from non-synchronized cell lines
using RNeasy Mini Kit (Qiagen, Valencia, CA). First-strand
cDNA synthesis was performed using SuperscriptIII™ First
Strand synthesis system (Invitrogen, Carlsbad, CA). After
reverse transcription, the cDNA samples derived from each
cell line were used as templates. mRNA levels of specific
caspases were detected using 2 sets of multiplex PCR kits,
sets 5 and 6 in the apoptosis series of multiplex PCR kits
from BioSource. Set 5 detects caspase-3, -5, -8, -9, Apoptosis
Protease activating factor-1 (Apaf-1) and GAPDH. Set 6
detects caspase-2, -4, -6, -7, -10 and GAPDH. Multiplex
PCR was performed following the manufacturer's protocols.
Twenty microliters of PCR products were electrophoresed on
2% agarose gels and visualized by ethidium bromide staining.
The images were acquired and analyzed using the UPVII gel
documentation system. The relative mRNA levels of each
caspase in different cell lines were semiquantitatively analyzed
by normalization of the density of each specific band with
GAPDH signals of the corresponding cell lines. Primers in
set 5 multiplex were designed to detect caspase-2, -4, -6, -7,
and -10. Set 6 multiplex detected caspase-3, -5, -8, -9 and
Apaf-1. Both sets used GAPDH as a housekeeping gene
control.

Results

Protein levels of caspase-2, -3, -6, -7, -8, -9 and -10 in 18
breast cancer cell lines. We first examined the protein levels
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of caspase-2, -3, -6, -7, -8, -9 and -10 in 18 breast cancer cell
lines by Western blotting. Protein levels of each caspase varied
significantly amongst different cell lines (Fig. 1). The caspase-2
level was abundant in most cell lines. It was very low only in
two lines, MDA-MB-157 and BT-20 cells. It was somewhat
low in three additional lines, T47D, MDA-MB-468 and
MDA-MB-134VI cells. Caspase-3 was detectably expressed
at low levels in five cell lines, including HS-578T, MDA-
MB-483, MDA-MB-415, MDA-MB-134VI and SK-BR-3
cells. BT-20 and MDA-MB-453 cells expressed the highest
levels of caspase-3. Caspase-6 was expressed at very low
levels in HS-578T, MDA-MB-435s, MDA-MB-415 and ZR-
75-1 cells. Caspase-7 was reduced in HS-578T, MDA-MB-
134VI and SK-BR-3 cells. Caspase-8 levels were very low in
MDA-MB-157, HS-578T, MDA-MB-134VI, ZR-75-30 and
T47D cells. In contrast, BT-20, MDA-MB-435s, MDA-MB-
436, BT474 and MDA-MB-361 cells expressed high levels of
caspase-8. ZR-75-30 and MDA-MB-330 expressed relatively
low levels of caspase-9. For caspase-10, protein levels were
lower in HS-578T, MDA-MB-415, SK-BR-3, MDA-MB-330,
T47D, and MDA-MB231 cells. In aggregate, reduced levels
of all caspases were generally common amongst the cell lines
detected. In particular, variations in the levels of caspase-8
and 10 were more prevalent than the other caspases. Fluctu-
ation of caspase-7 and -9 was relatively less frequent.

Relative mRNA levels of caspase-2, -3, -4, -6, -7, -8, -9 and -10
and Apaf-1 in breast cancer cell lines. To examine whether
caspase protein expression reflected mRNA levels, we extracted
total-RNA from 18 breast cancer cell lines and a benign breast
epithelial cell line (MCF-10A) and examined the mRNA levels
of caspase-2, -3, -4, -6, -7, -8, -9 and -10, as well as Apaf-1
by multiplex PCR. As shown in Fig. 2, the mRNA levels of
the caspases also varied significantly from cell line to cell
line. Using an image analysis system, the relative levels of
each mRNA band were normalized with GAPDH signals
(data not shown). Caspase-2 mRNA levels were lowest in

ZR-75-30, SK-BR-3 and MDA-MB-231 cells. Caspase-3
mRNA was low in MDA-MB-415 cells as compared to
other lines. Caspase-4 mRNA levels were not detectable in
MDA-MB-134VI cells and were relatively lower in T47D
and ZR-75-30 cells. Caspase-6 mRNA levels were lower in
MDA-MB-134VI, ZR-75-1, MDA-MB-361 and BT-474
cells as compared to all other cell lines. Variations in caspase-7
mRNA between cell lines were not evident. Caspase-8 mRNA
levels were lower in HS-578T, MDA-MB-415, MDA-MB-
134VI and ZR-75-30 cells. Variation of caspase-10 mRNA
levels was the most notable in the cell lines examined. MDA-
MB-468, BT-20 and MDA-MB-134VI, BT-474 and ZR-75-1
cells expressed the highest levels of caspase-10 mRNA,
whereas caspase-10 transcription was significantly lower in
ZR-75-30, MDA-MB-483, MDA-MB-330, MDA-MB-361,
T47D, MDA-MB-415 and SK-BR-3 cells. Levels of Apaf-1
mRNA were low in MDA-MB-415, SK-BR-3, ZR-75-1,
MDA-MB-435s and ZR-75-30 cells. Comparisons of caspase
protein and mRNA levels showed some variability, although
the data tended to be congruent for each of the caspases.

Relative sensitivity of breast cancer cell lines to TNF-·. To
determine whether selected caspase expression profiles were
associated with responses to different apoptotic stimuli, we
first evaluated the sensitivity of selected cell lines to TNF-·-
induced apoptosis. Each cell line was treated with 80 ng/ml
TNF-· and 5 μg/ml cycloheximide for 4 h, followed by DAPI
staining and apoptotic scoring. As shown in Fig. 3, the post-
treatment apoptotic index of individual cell lines varied from
18.8 to 58.3%. BT483, HS-578T, T47, MDA-MB-134VI,
MDA-MB-231 and MDA-MB415 cells were relatively
resistant to TNF-·-induced apoptosis, whereas ZR-75-1, ZR-
75-30, BT-20, MDA-MB-435s, SK-BR-3 and MDA-MB-436
were more sensitive. Since caspase-8 is a key initiator caspase
in apoptosis through the death receptor pathway, we asked
whether caspase-8 expression patterns amongst the cell lines
were correlated with TNF-· responses. In comparison with
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Figure 1. Protein levels of caspase-2, -3, -6, -7, -8, -9 and -10 in 18 breast cancer cell lines. Protein lysates of each cell line were made from non-synchronized
cells. Individual caspases and actin were probed with corresponding specific antibodies using Western blotting.
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caspase-8 expression, BT-20, MDA-MB-435S, SK-BR-3 and
MDA-MB-436 cells, which were relatively sensitive to TNF-·,
also expressed higher levels of caspase-8 protein. HS-578T,
MDA-MB-483, MDA-MB-415, T47D and MDA-MB-231
cells, which were resistant to TNF-·, expressed lower levels
of caspase-8. Although there were exceptions (e.g. ZR-75-30

and MDA-MB-361 cells), the apoptotic responses of these
breast cancer cell lines to TNF-· were generally associated
with caspase-8 levels.

Relative sensitivity of breast cancer cell lines to doxorubicin.
The ability of a cancerous cell to undergo apoptosis plays an

YANG et al:  CASPASES IN BREAST CANCER CELLS1232

Figure 2. mRNA levels of caspase-2, -4, -6, -7 and 10 (panel A); and caspase-3, -5, -8, -9 and Apaf-1 (panel B) in breast cancer cell lines. Total-RNA was
extracted from indicated cell lines. Three micrograms of total-RNA were used for cDNA synthesis. mRNA levels of the selected caspases were amplified by
PCR for 30 cycles using a multi-complex PCR kit (set-6) from BioSource according to the manufacturer's protocol. Relative mRNA levels of each caspase
were normalized with corresponding GAPDH signals. The caspases with down-regulation of mRNA levels are indicated by a white bar underneath the
specific bands.

Figure 3. Relative sensitivities of 18 breast cancer cell lines to TNF-·-induced apoptosis. Cells from each line were treated with TNF-· plus 5 mg/ml CHX for
4 h. Treated cells were then trypsinized, fixed, stained with DAPI, and attached to a slide using a cytospin. Cells with nuclear condensation and/or fragmen-
tation were counted as apoptotic cells. Apoptotic index (% apoptosis) was calculated as the percentage of apoptotic cells relative to the total number of cells.
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important role in chemo- and radio-therapy response. Because
doxorubicin (adriamycin) is commonly used in breast cancer
patients, the sensitivity of these selected cell lines to doxoru-
bicin was examined. Fig. 4 shows the ID50 of doxorubicin in
14 breast cancer cell lines. The ID50 of the other 4 cell lines is
not shown because their response curves did not fit well with
the current model, although these 4 lines appear to be more
resistant to doxorubicin. Of the 14 lines shown in Fig. 4,
MDA-MB-468, T47D, MDA-MB-231, MDA-MB-157 and
BT-20 cells were most susceptible to doxorubicin-induced
apoptosis. In general, these cell lines expressed relatively
higher mRNA levels of caspase-3, -4, -6, -7 and -10 (with the
exception of T47D) and relatively higher levels of caspase-9.
In contrast, MDA-MB-415, BT-483 and MDA-MB-330 were
less sensitive to doxorubicin and expressed lower levels of
caspase-9 and -10. Hence, the profiles of both apical and
effector caspases appeared to be important to doxorubicin
sensitivity.

Relative sensitivity of breast cancer cell lines to ionizing
radiation. To assess the sensitivity of these same cell lines
to ionizing radiation, each cell line was irradiated across a
spectrum of doses (from 0.5 to 32 Gy) followed by MTT assay-
based ID50 determination. As shown in Fig. 5, the responses
of 15 breast cancer cell lines (the results from other cell lines
were not included because the response curves did not fit
well with the ID50 calculation model used) treated with radia-
tion varied significantly. In general, the relative sensitivities
of these cell lines were similar to their response to doxoru-
bicin. For example, MDA-MB-468, MDA-MB-231 and MDA-
MB-157 cells, which were highly sensitive to doxorubicin,
were also sensitive to radiation. Similarly, MDA-MB-330 and
ZR-75-30 cells, which were resistant to doxorubicin, were also
radio-resistant. By correlating caspase expression and mRNA
levels of multiple caspases, MDA-MB-134VI cells showed
reduced levels of caspase-6, -4 and -8, while mRNA levels of

caspase-8 and -10 were generally lower in ZR-75-30 cells and
mRNA levels of caspase-10 were lower in MDA-MB-330
cells.

Discussion

We have examined the protein and mRNA expression of
multiple caspases in a panel of 18 cell lines as well as the
relative sensitivities of these cells to TNF-·, doxorubicin and
ionizing radiation. We have shown variable caspase expression
amongst these lines and our data suggests that caspase expres-
sion may be associated with treatment resistance.

We believe that caspase down-regulation and/or deficiency
may be a mechanism that contributes to breast carcinogenesis
and therapeutic resistance. We and others have previously
shown that caspase-3 is deficient in MCF-7 breast cancer cells
and that reconstitution of caspase-3 significantly sensitizes
MCF-7 cells to chemotherapy, radiation and granzyme B-
induced apoptosis (10-13). Caspase-3 down-regulation/
deficiency has now been detected in ~75% of breast cancers
(14). Our study advances the understanding of caspase expr-
ession in breast cancer cells by examining both protein and
mRNA of 7 key caspases in 18 breast cancer cell lines. Recent
data suggests that caspase alterations may be widely distributed
amongst many cancer types. Svingen et al have examined the
protein levels of caspase-2, -3, -6, -7, -8, -9 and Apaf-1
expression in the NCI 60-cell-line-panel (only 8 of which
are breast cancer cell lines) and they show great variability of
caspase expression (17).

Our results identified breast cancer cell lines with low
protein levels of certain caspase(s), such as caspase-2 in
MDA-MB-157 and BT 20 cells, caspase-6 in HS-578T cells,
caspase-8 in MDA-MB-134VI and ZR-75-30 cells, and
caspase-10 in SK-BR-3 and MDA-MB-415 cells. We further
demonstrated that variation of the mRNA levels of different
caspases was very common among these cell lines. A
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Figure 4. ID50 of breast cancer cell lines in response to doxorubicin (Dox).
Breast cancer cell lines listed were treated with Dox at concentrations
ranging from 0.15 to 9 mM for 6 days, followed by MTT assay. ID50 of each
cell line was calculated based on the survival fractions of dose-effect response
of Dox-treated cells. The result for each cell line was derived from three
separate sets of experiments.

Figure 5. ID50 of breast cancer cell lines in response to radiation. Breast
cancer cell lines listed were irradiated at doses ranging from 0.5 to 32 Gy.
The survival fractions were detected 6 days post-radiation using MTT assay.
ID50 of each cell line was calculated based on the survival fractions of dose-
effect response of the irradiated cells. The result for each cell line was derived
from three separate sets of experiments.
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comparison of protein and mRNA results indicates that, in
general, the reduced caspase protein levels were associated
with lower mRNA levels. For example, both caspase-8 mRNA
and protein levels were down-regulated in MDA-MB-134VI,
ZR-75-30, MDA-MB-415 and HS-578T cells. SK-BR-3, T47D
and MDA-MB-415 cells, which had lower protein levels of
caspase-10, also expressed lower levels of caspase-10 mRNA.
However, protein and mRNA levels of some caspases did not
behave concomitantly, such as caspase-10 in HS-578T cells
and caspase-8 in MDA-MB157 cells. These results suggest
that caspase transcription may be primarily regulated at the
transcriptional level but post-transcriptional regulation may
also be involved.

In this study we also performed functional screening of
selected cell lines by evaluating their apoptotic response to
TNF-·, doxorubicin and radiation. Although it was a challenge
to identify specific caspase profiles with a high correlation to
specific treatment responses, we found a general association
between caspase-8 and cellular response to TNF-·. Breast
cancer cell lines with lower caspase-8 levels were more
resistant to TNF-·-induced apoptosis. Given the critical role
of caspase-8 in death receptor-induced apoptosis, these
findings might be predicted (as would resistance to other
stimuli like Fas ligand and TRAIL).

Results from the treatment studies with doxorubicin and
radiation suggest that cell lines that are sensitive to doxorubicin
are more likely to be sensitive to radiation as well. This could
be because both stimuli induce apoptosis through the DNA
damage-mediated apoptotic pathway. Although the correlation
between doxorubicin/radiation sensitivity and caspase status
was not as apparent as caspase-8 and TNF-·-induced apoptosis,
the expression of caspase-9 and -10 appears to be linked. It is
known that caspase-9 plays an important role in the initiation
of apoptosis through the mitochondrial pathway (18).
Caspase-10 activation is also involved in DNA damage agent-
induced apoptosis (19). Hence, a defect in these caspases
may contribute to the resistance of apoptosis through the
mitochondrial pathway. We acknowledge that results from
these screening assays provide hypothesis-generating infor-
mation. They suggest that caspase deficiency might predict
therapeutic resistance and that caspase reconstitution or up-
regulation might enhance therapeutic responses.

The observation that down-regulation of caspases is
common in breast cancer cell lines raises the question as to
how caspase expression may be regulated. Available reports
suggest that caspase expression can be modified at both
the RNA and the DNA levels. Transcription factors that are
involved in the regulation of certain caspases have been
identified. For example, AP-4 (activator protein-4) is a tran-
scriptional factor for caspase-9 (20). Transcription of human
caspase-7, -8 and -9 is regulated by E2F-1 (21). Hence, an
alteration in the activities of these transcription factors and
related pathways may cause caspase down-regulation. Caspase
deficiency can also be caused by genetic mutations, such as the
deletion mutation of the caspase-3 gene in MCF-3 cells (10). A
point mutation of caspase-8 in A431 cells leads to functional
inactivation of caspase-8 (22). Furthermore, down-regulation
of caspase-8 in cancer tissues has been associated with DNA
methylation of the caspase-8 gene (15). Given the significant
impact of caspase deficiency/down-regulation in cancer

cells and complex mechanisms in the regulation of caspase
expression, further study in this direction is likely warranted.

As this project is basically a descriptive study, we will
examine caspase expression profiles in more human cancer
samples to generate enough data for powerful statistical
analysis. Nevertheless, the array style examination of multiple
caspases at both protein and mRNA levels and functional
screening in these established cell lines have generated infor-
mation that has many valuable implications. Cell lines bearing
significant reductions or increases in caspase expression may
be useful in subsequent studies of caspase down-regulation
and therapeutic resistance. They may also serve as controls
for immunohistochemical examination of caspase expression
in cancer tissues. Cell lines with significant down-regulation of
caspase mRNA levels can be useful targets to study the role
of DNA methylation in the regulation of caspase expression.
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