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Bcl-2 constitutively suppresses
p53-dependent apoptosis
in colorectal cancer cells
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To dissect apoptotic genes governing the survival of co-
lorectal carcinoma cells, we employed RNAi to silence
Bcl-2 and Bcl-xL in isogenic clones of p53+/+ and p53−/−
cells, and of Bax+/− and Bax−/− cells. We identify a novel
proapoptotic function of p53 that does not require acti-
vation by genotoxic agents and that appears to be con-
stitutively suppressed by Bcl-2. Silencing of Bcl-2 in-
duced massive p53-dependent apoptosis. The “Bcl-2/p53
axis” requires Bax and caspase 2 as essential apoptotic
mediators. This newly discovered Bcl-2/p53 functional
interface represents a key regulator of apoptosis which
can be activated by targeting Bcl-2 in colorectal carci-
noma cells.
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The pathways governing apoptosis in mammalian cells
are complex, and the pro- and antiapoptotic permuta-
tions regulating cell viability vary according to species,
cell type, and also between normal and cancer cells (for
review, see Cory and Adams 2002; Johnstone et al. 2002;
Reed 2002). Imbalance in favor of cell survival enables
tumor progression and resistance to anticancer drugs.
For example, the proapoptotic Bax gene is frequently
mutated in DNA mismatch repair-deficient tumors, due
to an unstable G8 tract at nucleotides 114–121 (Ionov et
al. 1993; Rampino et al. 1997; Zhang et al. 2000). When
both Bax alleles are mutated, the resultant Bax defi-
ciency confers resistance to nonsteroidal anti-inflamma-
tory drugs (NSAIDs) such as sulindac and indomethicin
(He et al. 1999; Yamamoto et al. 1999; Zhang et al. 2000).
Since predisposition to colorectal cancer is commonly
associated with defective mismatch repair (Lynch 1999),
mutation in Bax may explain acquired resistance to su-
lindac when administered as a chemopreventative agent.
Indeed, sulindac enables clonal expansion of Bax-defi-
cient cells in culture (Zhang et al. 2000) and may simi-
larly favor clonal expansion of Bax-deficient cells in the
colorectal epithelium of patients with inherited mis-
match repair defects. However, Bax-deficient cells re-
main sensitive to 5-fluorouracil (5-FU), which activates
p53-dependent apoptosis (Bunz et al. 1999; Zhang et al.
2000) and is the mainstream therapy for colorectal can-
cer.

Other pathways may also influence the survival of co-
lorectal cancer cells. Here we have combined RNA in-
terference (RNAi) with gene knockout to investigate
the putative apoptotic roles of p53, Bax, Bcl-2, and Bcl-xL
in cells cultured under normal growth conditions. Using
isogenic clones of HCT116 human colorectal cancer
cells, in which the parental cells contain normal p53
and Bax (Bunz et al. 1999; Zhang et al. 2000), our first
experiments aimed to silence Bcl-2 expression by RNA
interference. In mammalian cells, RNA interference is
induced by short interfering RNA (siRNA) duplexes
(Elbashir et al. 2001) which target homologous mRNA
for degradation with exquisite selectivity and very
high, sustained efficacy. Moreover, gene silencing by a
single dose of siRNA is achieved within a few days
(e.g., see Elbashir et al. 2001; Jiang and Milner 2002)
and avoids the need for protracted long-term selec-
tion procedures such as those necessary to establish
gene knockout cells. Thus RNA interference permits,
for the first time, functional dissection of apoptotic
pathways by silencing antiapoptotic genes in cells in
which specific proapoptotic genes are already de-
leted.
We show that silencing of Bcl-2 induces massive p53-

dependent apoptosis, and that this occurs under normal
cell growth conditions (i.e., without recourse to geno-
toxic drugs necessary to activate p53 as a transcription
factor). Controls demonstrate that RNA interference per
se is not sufficient to induce apoptosis in the parental
HCT116 p53+/+ cells. The requirement for p53 is abso-
lute, and other apoptotic genes such as Bax cannot sub-
stitute for p53. Moreover the requirement for p53 was
also evident in other human colorectal carcinoma cell
lines, indicating that Bcl-2 silencing induces p53-depen-
dent apoptosis in colorectal carcinoma cells in general.
These observations place a novel proapoptotic function
of p53 under Bcl-2 regulation, thus creating a constitu-
tive Bcl-2/p53 axis regulating apoptosis in human colo-
rectal epithelial cells. Further experiments using iso-
genic clones of Bax+/− and Bax−/− cells and caspase 2
siRNA clearly demonstrate that both Bax and caspase 2
are essential mediators of the Bcl-2/p53 apoptotic path-
way.

Results and Discussion

Selective silencing of Bcl-2 expression

Initially we used paired isogenic clones of HCT116
p53+/+ and p53−/− cells (Bunz et al. 1999; Zhang et al.
2000), and to silence Bcl-2 expression we selected two
Bcl-2 mRNA target sequences (Fig. 1A,B). Both are 100%
conserved between human and murine Bcl-2. Silencing
of Bcl-2 expression was monitored by immunoblotting
the Bcl-2 protein. It should be noted that a previous, well
controlled study failed to clearly detect Bcl-2 in immu-
noblots of HCT116 cell lysates (Zhang et al. 2000), and
we confirm this observation when using the same anti-
body (N19; Fig. 1D). However, other antibodies clearly
detect Bcl-2 in the HCT116 cells and, importantly, show
that Bcl-2 protein levels are equivalent in the p53+/+ and
p53−/− cells (Fig. 1E–H). The inevitable stress associated
with the transfection process was not sufficient to acti-
vate p53 as a transcription factor in p53+/+ cells, as evi-
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dent from the absence of up-regulation of p21, a p53 tar-
get protein (Fig. 1I). The Bcl-2 protein fell to barely de-
tectable levels within 24 h of transfection with Bcl-2
siRNA (Fig. 2A). Interestingly, only one of the two Bcl-2
siRNAs silenced Bcl-2 expression [Bcl-2(b); Fig. 2], indi-
cating that the mRNA sequence homologous to the non-
effective siRNA (nucleotides 77–95; Fig. 1A) must some-
how be protected from recognition and/or degradation by
RNA interference. Such protection may arise due to lo-
calized mRNA secondary structure or protein–mRNA
interactions (Jiang and Milner 2002). Control transfec-
tions included a random siRNA sequence (control
siRNA; Jiang and Milner 2002) and lamin A/C siRNA,
previously shown to suppress lamin A/C protein expres-
sion without inducing apoptosis (Elbashir et al. 2001).

Bcl-2 silencing induces p53-dependent apoptosis

By 48 h, massive apoptosis was observed in the p53+/+
cells transfected with Bcl-2 siRNA [Bcl-2(b); Fig. 2B–D].
Apoptosis in cells transfected with Bcl-2 antisense RNA
(antisense sequence 354–372) was negligible (Fig. 2D)
and equivalent to that observed for control siRNA. This
confirms that apoptosis induced by Bcl-2 siRNA in
p53+/+ cells is due to RNA interference. siRNA silencing
of lamin A/C failed to induce apoptosis in either the
p53+/+ or p53−/− cells (Fig. 2B). This demonstrates that
the process of RNA interference per se is not sufficient to
activate apoptosis in HCT116 p53+/+ cells. Unexpect-
edly, the p53−/− cells failed to undergo apoptosis follow-
ing silencing of Bcl-2 expression (Fig. 2B–D). Thus we
conclude that selective silencing of Bcl-2 expression in-

duces massive apoptosis of HCT116
colorectal cancer cells and that this
effect is dependent upon p53.
It was recently demonstrated that

Bcl-2 can regulate an apoptotic path-
way that is activated independently
of mitochondrial cytochrome c re-
lease and Apaf-1/caspase 9 activation
(Marsden et al. 2002). This raises the
possibility that p53 may enable this
cytochrome c-independent pathway,
thus accounting for the observed dif-
ferences in apoptosis between p53+/+
and p53−/− cells following silencing
of Bcl-2 (Fig. 2). However, analysis of
cytochrome c distribution clearly
demonstrates release of cytochrome
c into the cytosol in p53+/+ cells un-
dergoing apoptosis following treat-
ment with Bcl-2 siRNA (Fig. 2E). In
long exposures of the immunoblots,
mitochondrial cytochrome c release
was also evident in adherent p53+/+
cells treated with Bcl-2 siRNA,
whereas no cytosolic cytochrome c
was detectable in parallel cultures
of p53−/− cells treated with Bcl-2
siRNA (data not shown). These re-
sults indicate that Bcl-2 silencing in-
duces p53-dependent apoptosis via
pathway(s) that involve the release of
cytochrome c from the mitochondria.

Bcl-xL silencing induces p53-independent apoptosis

The integrity of p53-independent apoptotic pathways
was next confirmed by silencing the Bcl-xL gene, again
using RNA interference. Bcl-xL is an antiapoptotic gene
(Boise et al. 1993), and in colorectal epithelial cells, a
decrease in the ratio of Bcl-xL:Bax is sufficient to induce
apoptosis (Zhang et al. 2000). Therefore we predicted
that selective silencing of Bcl-xL should induce apoptotic
cell death in both p53+/+ and p53−/− cells. Indeed, this
proved to be the case. First we ascertained that the se-
lected Bcl-xL siRNA sequence (Fig. 1C) effectively re-
duces Bcl-xL protein expression (Fig. 3A), and then we
demonstrated its capacity to induce apoptosis (Fig. 3B,C).
Bcl-xL protein levels declined between 24 and 48 h post-
transfection with Bcl-xL siRNA, and subsequently apop-
tosis was observed in both the p53+/+ and p53−/− cells.
This demonstrates that p53 is not required for Bcl-xL-
regulated apoptotic pathway(s) in colorectal epithelial
cells. Further verification of p53-independent apoptotic
pathways was obtained by treating the cells with sulin-
dac, which is known to activate Bax-dependent apoptosis
(Zhang et al. 2001). Sulindac induced apoptosis in both
p53+/+ and p53−/− cells (Fig. 3D; see also Zhang et al.
2000). On the basis of these overall results, we conclude
that the observed lack of apoptosis in p53−/− cells
treated with Bcl-2 siRNA (Fig. 2) cannot be attributed to
either loss of Bax or another apoptotic pathway sup-
pressed by Bcl-xL. This is consistent with the isogenic
nature of the two cell clones, and indicates that p53 is a
selective requirement for apoptosis induced by Bcl-2 si-
lencing.

Figure 1. siRNA sequences used, and expression of Bcl-2 in HCT116 cells. (A,B) Bcl-2 siRNA
sequences, equivalent to Bcl-2 mRNA nucleotides 77–95 (A) and 354–372 (B). (C) Bcl-xL siRNA
sequence, nucleotides 347–366. Predicted secondary structures with propensity for base-pairing
out of register (dimers) or for forming stem-loop structures (loops) were derived using Vector
NTI. Antisense RNA controls employed Bcl-2 antisense nucleotides 354–372, and Bcl-xL anti-
sense nucleotides 347–366. Control siRNA (Jiang and Milner 2002) and lamin A/C siRNA
(Elbashir et al. 2001) were also used in this study. (D–H) Immunoblots of Bcl-2 protein (arrows)
in HCT116 p53+/+ and p53−/− cell lysates using different anti-Bcl-2 antibodies: N19 (D), C-2
(E), Ab-1 (F; this antibody gave nonspecific cross-reactivity with multiple cellular proteins; data
not shown), Ab-2 (G), and BD (H). The C-2 antibody was used in all subsequent experiments. (I)
Immunoblots of p53 and p21 in HCT116 p53+/+ cells at different times after transfection with
control siRNA as indicated.
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Bax and caspase 2 are required for apoptosis following
silencing of Bcl-2 or Bcl-xL

Thus far our results indicate that Bcl-2 constitutively
suppresses apoptosis in colorectal cancer cells grown in
culture and that, following silencing of Bcl-2 expression,
the process of apoptosis requires p53. This is novel and
places a proapoptotic function of p53 under Bcl-2 regu-
lation. Moreover, this proapoptotic function of p53 does
not require treatment of cells with cytotoxic agents such
as 5-FU. (Note that the process of RNA interference by
itself is not sufficient to activate p53-induced apoptosis,
as demonstrated by the lack of apoptosis in p53+/+ cells
treated with lamin A/C siRNA; see above). In addition,
we show that silencing of Bcl-xL induces apoptosis in a
p53-independent manner (Fig. 3). This is consistent with
previous work identifying Bax as a major player in the
apoptotic response of colorectal cancer cells (Ionov et al.
2000; Zhang et al. 2001; LeBlanc et al. 2002) and Bcl-xL as
its antiapoptotic counterpart (when expressed exog-
enously; Zhang et al. 2001). These combined observa-
tions led us to reason that Bcl-2/p53 and Bcl-xL/Bax
might represent functional partners governing apoptosis
in human colorectal epithelial cells. Within this sce-
nario, at least two putative apoptotic pathways might be
envisaged: (1) Bcl-2/p53 may define an apoptotic path-
way that is essentially independent of Bcl-xL/Bax; or (2)
Bcl-2/p53 and Bcl-xL/Bax may govern interrelated tran-
sitions in the apoptotic process. To discriminate be-

tween these two alternatives we silenced, individually,
Bcl-2 and Bcl-xL expression in isogenic clones of Bax+/−
and Bax−/− HCT116 cells (note that the apoptotic re-
sponse of Bax+/− cells is equivalent to that of Bax+/+
cells; Zhang et al. 2000). siRNA silencing of Bcl-2 and of
Bcl-xL induced massive apoptosis in Bax+/− cells but
failed to induce significant apoptosis in Bax−/− cells (Fig.
4C,D). This clearly demonstrates that Bax is required for
apoptosis in both Bcl-2-regulated and Bcl-xL-regulated
pathways.
The above results demonstrate that in colorectal car-

cinoma cells, the Bcl-2 and Bcl-xL cell death pathways
share commonalities in their requirement for Bax, but
differ in their requirements for p53. It is possible that p53
is required to prime a proapoptotic pathway that is se-
lectively suppressed by Bcl-2, thus lowering the apo-
ptotic threshold consequent to Bcl-2 silencing. To fur-
ther dissect the functional links between Bcl-2, Bcl-xL,
p53, and Bax, we next investigated whether caspase 2 is
also involved. Apoptosis induced by Bcl-2 or by Bcl-xL
silencing was blocked when caspase 2 siRNA was co-
transfected with either Bcl-2 siRNA or Bcl-xL siRNA,
respectively (Fig. 4C; see Lassus et al. 2002 for caspase 2
siRNA sequence). siRNA silencing of caspase 2 alone
(Fig. 4C), or transfection with antisense caspase 2 RNA
(data not shown), had no apparent effect on cell viability.
Overall these results demonstrate that both Bax and
caspase 2 are required for apoptosis following silencing
of either Bcl-2 or Bcl-xL in p53+/+ colorectal cancer cells.

Figure 2. siRNA silencing of Bcl-2 induces p53-dependent apoptosis. Isogenic clones of p53+/+ and p53−/− HCT116 cells were cultured and
transfected with siRNAs as described in the text. Transfection efficiency was 70%–80%. (A) Immunoblots of Bcl-2 (closed arrows), and lamin
A/C (open arrow). Times posttransfection with control siRNA, Bcl-2 siRNAs, and lamin A/C siRNA are as indicated. (B) Phase contrast images
of p53+/+ and p53−/− HCT116 cells at 24 and 48 h posttransfection with control siRNA, Bcl-2 siRNAs, or with lamin A/C siRNA. (C) Apoptotic
cells confirmed by DNA laddering. M, marker; lane 1, control siRNA; lane 2, Bcl-2(a) siRNA; lane 3, Bcl-2(b) si-RNA. Cells were harvested for
analysis 48 h posttransfection. (D) Annexin V-positive apoptotic cells detected by FACS analysis. Cells were harvested at 24 and 48 h
posttransfection as indicated. White bars indicate control siRNA; bars with thick hatch marks indicate Bcl-2(a) siRNA; black bars indicate
Bcl-2(b) siRNA; bars with thin hatch marks indicate Bcl-2(b) antisense RNA. In all subsequent experiments, Bcl-2(b) siRNA was employed to
silence Bcl-2 expression, and apoptosis was confirmed by the independent techniques of DNA laddering and annexin V labeling with FACS
analysis. (E) Cytochrome c distribution in cells at the time of transfection (0 h) and release into the cytosol of nonadherent cells collected 48
h following transfection with Bcl-2 siRNA in HCT116 p53+/+ cells. P, pellet fraction; C, cytosolic fraction.
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This is consistent with recent evidence that caspase 2
enables translocation of Bax into the mitochondria and
subsequent mitochondrial membrane permeabilization
marked by release of cytochrome c (Lassus et al. 2002).

Effects of Bcl-2 siRNA on individual colorectal
carcinoma cell lines of varying p53 status

The above experiments involve isogenic clones of
HCT116 cells and are thus tightly controlled for genetic
variation. To test the generality of our observations, we
silenced Bcl-2 in other human colorectal carcinoma cell
lines, also defective for DNA mismatch repair and with

defined p53 status (see Materials and Methods). In each
case, the presence of wild-type p53 correlated with in-
duction of apoptosis detectable 48 h posttransfection
with Bcl-2 siRNA, whereas p53 deficiency correlated
with background levels of apoptosis (Fig. 5). These re-
sults confirm our observations with isogenic clones of
p53+/+ and p53−/− HCT116 cells and are consistent with
the concept that Bcl-2 constitutively suppresses p53-de-
pendent apoptosis in colorectal cancer cells.

Conclusions

Given the complexity and diversity of mammalian apo-
ptotic pathways, it is perhaps not surprising that the ap-
plication of novel methodologies such as RNA interfer-
ence can disclose unexpected regulatory interactions.
For example, it has been widely accepted that caspase
activation requires mitochondrial disruption. However,
experiments using RNA interference now indicate that,
for caspase 2, the converse is the case and that mitochon-
drial disruption requires caspase 2 gene expression (Las-
sus et al. 2002). Another unexpected discovery chal-
lenges the long held belief that Bcl-2 inhibits apoptosis
by safeguarding mitochondrial integrity, thereby pre-
venting cytochrome c release and activation of caspase 9:
it now appears that the Bcl-2 apoptotic pathway can
function independently of caspase 9 and its activator
Apaf-1 (Marsden et al. 2002).
In the present study we used isogenic cell clones and

siRNA to obtain defined combinations of pro- and anti-
apoptotic gene expression in cells that are otherwise ge-
netically equivalent. Our observations indicate a new
cell death pathway in which Bcl-2 constitutively sup-
presses p53-dependent apoptosis. Apoptosis can also be
induced by treating the cells with agents such as 5-FU to
activate p53 (Zhang et al. 2000; data not shown). This is
consistent with established evidence that activated p53
functions upstream of Bcl-2 in response to genotoxic
stress (Strasser et al. 1994; for reviews see Cory and Ad-
ams 2002; Johnstone et al. 2002). To accommodate our
present observations within the context of previous
studies, we suggest that Bcl-2 constitutively suppresses a
novel proapoptotic function of p53 and that exposure to
genotoxic stress overrides Bcl-2 suppression by inducing
the transactivation potential of p53. Once activated as a
transcription factor, p53 has the capacity to alter the
expression ratios of Bcl-2 and Bcl-xL (down-regulated)
and Bax (up-regulated) in favor of apoptosis (Johnstone et
al. 2002). From a clinical point of view this has proved
very useful for anticancer therapy but carries the inher-
ent risk of nonspecific cytotoxicity and genotoxicity
caused by p53-activating agents. Our discovery that p53
possesses proapoptotic properties that appear to be con-
stitutively active, albeit suppressed by Bcl-2, identifies
Bcl-2 as a potential and promising target for anticancer
therapy for colorectal cancer (see also Reed 2002), and
demonstrates Bcl-2 accessibility for siRNA silencing.
The survival of other epithelial tumors may be similarly
susceptible to Bcl-2 silencing. With the development of
RNA interference the selective silencing of specific
genes is now a realistic possibility, and the continual
inventive evolution of targeted delivery systems (e.g., see
Hood et al. 2002) should enable application of RNA in-
terference to prevent and to treat cancer.
This work also carries important implications for pa-

tients with inherited DNA mismatch repair deficiencies

Figure 3. p53-independent apoptotic pathways in isogenic clones
of HCT116 cells. (A–C) siRNA silencing of the antiapoptotic gene
Bcl-xL using the siRNA sequence shown in Figure 1C. (A) Immuno-
blot of Bcl-xL protein at different times after transfection with con-
trol siRNA or Bcl-xL siRNA. (B) Phase contrast images of cells at 48
and 72 h posttransfection with control siRNA or Bcl-xL siRNA. (C)
Early apoptotic cells detected by annexin V labeling and FACS
analysis. Cells were harvested for analysis at 48 and 72 h as indi-
cated. White bars indicate control siRNA; black bars indicate Bcl-xL
siRNA; bars with thick hatch marks indicate Bcl-xL antisense RNA.
(D) Apoptosis induced by treatment with sulindac. Phase contrast
images of cells at 24 and 48 h posttreatment with sulindac, which
activates Bax-dependent, p53-independent apoptosis (Zhang et al.
2000). Apoptosis was confirmed by DNA laddering and by FACS
analysis of cells labeled with annexin V (not shown).
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and associated predisposition to colorectal cancer. In par-
ticular, it argues against the use of sulindac as a chemo-
preventative in such patients, because it is well estab-
lished that defective mismatch repair renders the Bax
gene susceptible to mutation and favors clonal expan-
sion of Bax-deficient cells (see the introductory text
above). In the present study we demonstrate that Bax is
an essential mediator of apoptosis regulated by the
newly discovered Bcl-2/p53 pathway (see above). It fol-
lows that, in patients with mismatch repair defects, any
selective pressure for Bax-deficient cells may exacerbate
tumorigenesis and should be avoided.
Future studies will investigate whether the newly

identified constitutive proapoptotic function of p53 is
linked with apical apoptosis in the normal colorectal epi-
thelium. If so, failure of apoptosis in colorectal epithelial
tumors might reflect inappropriate suppression of intrin-
sic p53-induced apoptosis. A strong candidate in this re-
gard is Bcl-2, which constitutively blocks p53-induced
apoptosis and enables the survival of colorectal cancer
cells (the present study). Such a model is consistent with
the late onset of p53 mutation in the malignant progres-
sion of colorectal cancer. It also reenforces Bcl-2 as a
prime target for the development of novel anticancer
agents.

Materials and Methods
Cell lines and transfections
HCT116 clones were cultured in DMEM with 10% FCS. All the cell
clones were cultured with penicillin 100 units mL−1 and streptomycin
100 µg mL−1 at 37°C in 5% CO2 in air. Other human colorectal cancer

cells lines, also defective for DNA mismatch re-
pair (Branch et al. 1995), were: LoVo and RKO
(p53 wild type); DLD1, LS174T, SW48, and
HT29 (all p53 mutant). Note that although
LS174T cells are genotypically wild-type for
p53, they are phenotypically p53-deficient. For
transfection, the cells were trypsinized and sub-
cultured into 6-well plates (10 cm2) without an-
tibiotics, 1.5 × 105 cells per well. Selected 21-
nucleotide RNAs were synthesized and HPLC-
purified (MWG) and annealed into siRNA
duplexes according to the instructions supplied.
Twenty-four hours after subculture, the cells
were transfected with siRNA formulated into
liposomes (Oligofectamine, Life Technologies)
according to the manufacturer’s instructions.
The protocol includes a short incubation in se-
rum-free medium, but controls demonstrated
that this was not sufficient to activate a p53
response (see Results). The siRNA concentra-
tion was 0.58 µg per 1.5 × 105 cells per well. The
final volume of culture medium was 1.5 mL per
well. Cells were harvested for analysis at various
times thereafter, as indicated in Results and Dis-
cussion. Each experiment with HCT116 cells
was carried out four or more times. Transfection
efficiencies were established by transfecting
with liposomes containing FITC-dextran (Jiang
and Milner 2002). Antisense RNA controls were
included in each experiment, using the respec-
tive antisense sequences for Bcl-2(b), Bcl-xL, and
caspase 2 (see Fig. 1A and text).

Immunoblotting and mitochondrial
cytochrome c release
For immunoblotting, the transfected cells were
trypsinized and then washed in PBS, and an ali-
quot was removed for cell counting. The re-
maining cells were lysed in 50 µL lysis buffer

(150 mM NaCl, 0.5% NP40, 50 mM Tris at pH 8.0) on ice for 30 min.
Samples were diluted 1:1 in 4× strength Laemlli’s buffer. Proteins were
resolved by 15% SDS-PAGE and electroblotted onto nitrocellulose mem-
brane for antibody detection. Molecular weight markers and purified
recombinant human p53 were included as markers (data not shown). The
following antibodies were employed: for Bcl-2 = N19 and C-2 (Santa Cruz
Biotechnology); Ab-1 and Ab-2 (Oncogene; note that Ab-1 gave nonspe-
cific background with multiple cellular proteins; data not shown); and
BD (Fig. 1B; Pharmingen). The C-2 antibody gave the cleanest results and
was subsequently used throughout this work. Lamin A/C = antibody 636

Figure 4. Apoptosis following silencing of Bcl-2 or Bcl-xL depends upon Bax and caspase 2. (A)
Phase contrast images of isogenic clones of Bax+/− and Bax−/− HCT116 cells at 72 h post-
transfection with control siRNA, with Bcl-2 siRNA or with Bcl-xL siRNA, as indicated. (B)
Apoptotic cells in isogenic clones of HCT116 cells detected by labeling with annexin V and
FACS analysis. The cells were harvested at 72 h posttransfection with control siRNA, Bcl-2
siRNA, or Bcl-xL siRNA as indicated. Black bars indicate Bax+/− cells; white bars indicate
Bax−/− cells. (C) Apoptotic cells in HCT116 p53+/+ cells (the same clone as used in Figs. 2, 3)
72 h following transfection with caspase 2 siRNA in combination with either Bcl-2 siRNA or
Bcl-xL siRNA as indicated.

Figure 5. Apoptosis correlates with p53 status in individual human
colorectal carcinoma cell lines following silencing of Bcl-2 expres-
sion. Cells were transfected with Bcl-2 siRNA, and apoptotic cells
were determined after 48 h (as described in Fig. 2 legend and Mate-
rials and Methods). Black bars indicate cell lines expressing endog-
enous wild-type p53, white bars indicate p53-deficient cell lines.
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(Santa Cruz Biotechnology); Bcl-xL = Bcl-X antibody (Pharmingen; this
antibody gave a relatively high nonspecific background); p53 = DO-1 an-
tibody (Oncogene); and caspase 2 = caspase-2L antibody (F-7; Santa Cruz
Biotechnology). Visualization of bound antibodies was by enhanced che-
miluminescence (Roche). Cell fractionations and cytochrome c determi-
nations were carried out as described (Marsden et al. 2002, and its supple-
mentary information).

Cell growth, cell cycle analysis, and apoptosis
Cell growth curves were determined by cell counting. Induction of apo-
ptosis by sulindac (Fig. 3) employed sulindac sulphide 120 µM (Calbio-
chem). For cell cycle analysis the cells were harvested, washed with PBS,
and fixed in 90% ethanol overnight at −20°C. The fixed cells were pel-
leted, washed in PBS, and resuspended in PBS containing 0.1 µg/mL prop-
idium iodide with 200 U/mL RNase A, and then analyzed by FACS.
Apoptotic cells were identified using annexin-V-Fluos (Boehringer) fol-
lowing the manufacturer’s protocol. Apoptosis was also verified by DNA
laddering using the Suicide-track DNA ladder isolation kit (Oncogene)
according to the manufacturer’s instructions.
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