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Up-regulation of FLIP in cisplatin-selected HeLa cells causes
cross-resistance to CD95/Fas death signalling
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Cisplatin-selected cervix carcinoma HeLa cell lines induced less
apoptosis, and weaker activation by cisplatin or Fas-activating
antibody, of mitochondrial-associated caspase-9 and death recep-
tor-mediated caspase-8 than did parental cells. Furthermore, less
DISC (death-inducing signalling complex) was formed in cis-
platin-selected cell lines than in parental cells. Ac-IETD-CHO
(acetyl-Ile-Glu-Thr-Asp-aldehyde), which has a certain pref-
erence for inhibiting caspase-8, or Fas-antagonistic antibody,
significantly inhibited cisplatin-induced apoptosis in both parental
and cisplatin-selected HeLa cell lines. These results imply that
cell-surface death signalling is inducible by cisplatin; that re-
duction of this pathway is associated with drug resistance, and
that cisplatin-selected cells acquire cross-resistance to cell-surface
death signalling. Sequential up-regulation of FLIP (FLICE-like
inhibitory protein), but not Bcl-2, Bcl-xL or inhibitors of apoptosis

protein (IAPs), was observed in resistant cells but not in parental
cells. The inhibition of FLIP by FLIP antisense oligonucleotides
promotes cisplatin and Fas-antibody-induced apoptosis. However,
the modulation of apoptosis by FLIP antisense oligonucleotides in
resistant cells is greater than that in parental cells. The presented
data reveal that the up-regulation of FLIP may contribute to the
suppression of apoptosis and thereby change cells that are resistant
to cisplatin and Fas-mediated death signals. The results also show
that cancer cells that have undergone long-term chemotherapy
and become chemoresistant may change the FLIP level, becoming
cross-resistant to death factors such as Fas.
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INTRODUCTION

Although substantial biochemical changes have been observed in
cell lines that have become resistant to cisplatin [cis-diammine-
dichloroplatinum (II)] [1–3], the involvement of apoptotic sig-
nalling in cellular resistance to this drug remains unknown. Two
of the best-characterized biochemical events during apoptosis are
the activation of caspase-3 protease and the fragmentation of DNA
into nucleosomal fragments. The literature implies that mito-
chondria may be crucial in apoptosis because they release
cytochrome c [4,5]. Cytochrome c is associated with a complex of
Apaf-1 (apoptotic protease-activating factor 1) and caspase-9, and
thus activates caspase-3 [6–8]. Nucleosomal DNA fragmentation
occurs during apoptosis, after the activation of the DFF (DNA
fragmentation factor), a heterodimeric protein that functions
downstream of caspase-3. DFF includes a DFF (40 kDa DFF)
and its inhibitor DFF45, which is removed after caspase is cleaved
[9]. However, the multimerization of Fas on the cell surface may
cause the recruitment of the signalling molecules, FADD (Fas-
associated death domain) and caspase-8 to the activated receptor,
forming the DISC (death-inducing signalling complex) [10–14].
The oligomerization of caspase-8 within the DISC results in its
autoactivation by proteolysis [15], before proteolytic cleavage
mediates the activation of other caspases, including caspase-3
[16,17]. These downstream caspases cleave the death substrates,
including DFF [18–20]. Caspase-3 is known to be a downstream
effector of caspases 8 and 9 in the apoptosis pathway [21–23].
However, in some cases, caspase-3 cleaves and activates caspases
8 and 9 using a feedback mechanism [24]. Mitochondria-mediated
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apoptotic signalling downstream of the DISC-associated acti-
vation of caspase-8 has been considered to be involved in the trig-
gering of apoptosis by cisplatin [21,25], or by Fas or TNFR1 [TNF
(tumour necrosis factor) receptor 1] [26,27]. However, the precise
role of cell-surface-mediated death signalling in determining
cell sensitivity and resistance to cisplatin has not been established.

With respect to intracellular resistance mechanisms, FLIP
(FLICE-like inhibitory protein) has been identified as a blocker of
apoptosis induced by death receptors of the TNF family [28].
During the early steps of TNF signalling [28], FLIP binds to and
neutralizes adaptor proteins and procaspases, which are usually
recruited to the cytosolic domains of apoptosis-inducing TNF
receptors upon stimulation by ligands. Furthermore, the overex-
pression of FLIP in cancers has been reported [29]. FLIP prevents
the recruitment and cleavage of caspase-8 at the DISC and sub-
sequently inhibits apoptosis in cell types I and II [30].

The cell-surface-mediated Fas signalling pathway can be ac-
tivated by UV radiation in various types of cell [31]. The authors
recently found that mitochondrion-mediated apoptosis induced
by cisplatin treatment is reduced in cisplatin-selected HeLa cells
[32], which exhibit more DNA repair and recognition of damaged
DNA, than in parental cells; cisplatin-selected HeLa cells are
also cross-resistant to UV [33,34]. We hypothesize here that Fas
signalling may be altered in these resistant cells. The results of
this work indicate that cisplatin-selected HeLa cells also acquired
cross-resistance to Fas receptor-mediated apoptosis. Moreover,
the up-regulation of FLIP in resistant cells may contribute to the
suppression of apoptosis, making cells resistant to cisplatin and
Fas-mediated death signals.
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MATERIALS AND METHODS

Cell lines and culture

Human cervix carcinoma HeLa cells and cisplatin-selected HeLa
cell lines with increasing cisplatin resistance (HeLa-CPR),
including R1, R2 and R3 [3], were maintained in Dulbecco’s mod-
ified Eagle’s medium (Gibco, Gaithersburg, MD, U.S.A.) sup-
plemented with 10 % fetal calf serum, 100 units/ml penicillin
and 100 µg/ml streptomycin (Gibco). Cisplatin-resistant clones
were generated by stepwise addition of cisplatin and maintained
for several weeks, and clones were selected by the factors such
as increased DNA repair and GSH, and reduced drug uptake and
adducts formation [3,35]. The cell lines were maintained at 37 ◦C
in a humidified atmosphere of 5 % CO2 and 95 % air. Cisplatin
(1 µM; Farmitalia, Milano, Italy) was added to the medium to
maintain the resistant phenotype. Before any experiments, resis-
tant cells intended as source materials were cultivated in media
without cisplatin for 3 weeks.

Western blot analysis

Cells (2 × 106) were treated with cisplatin or Fas antibody
(clone CH11; Upstate Biotechnology, Lake Placid, NY, U.S.A.),
washed twice with PBS and lysed in RIPA lysis buffer [50 mM
Tris/HCl, pH 7.4, 1 % Nonidet P-40, 0.25 % sodium deoxy-
cholate, 150 mM NaCl, 1 mM EGTA, 1 mM PMSF, protease
inhibitor cocktail (Roche, Mannheim, Germany), 1 mM Na3VO4

and 1 mM NaF] on ice for 30 min. Insoluble material was re-
moved by centrifugation at 16 000 g for 10 min at 4 ◦C. Protein
concentrations were measured using a Bio-Rad protein assay kit
(Bio-Rad, Hercules, CA, U.S.A.). Proteins were separated by
SDS/PAGE (12 % gels), transferred on to PVDF membranes and
incubated with antibodies reactive to caspase-9, caspase-8 (Cell
Signalling Tech, Beverly, MA, U.S.A.), caspase-3, DFF, FLIP,
Fas, TNFR1 or β-actin (Santa Cruz Biotechnology, Santa Cruz,
CA, U.S.A.). The antigen–antibody complexes were visualized
by standard enhanced chemiluminescence reaction (Pierce,
Rockford, IL, U.S.A.).

Analysis of DISC

DISC analysis was performed using a standard method [36].
Briefly, after stimulation, cells were washed twice in ice-cold
PBS, and lysed in lysis buffer [30 mM Tris, pH 7.5, 150 mM
NaCl, 1 mM PMSF, protease inhibitor cocktail, 1 % Triton X-100
and 10 % (v/v) glycerol] for 30 min on ice. After centrifugation at
16 000 g at 4 ◦C, an anti-human Fas antibody (1 µg) and Protein
A–Sepharose (Amersham Biosciences, Uppsala, Sweden) were
added and reacted at 4 ◦C overnight. The protein–antibody–beads
complex was washed three times in lysis buffer, and proteins were
eluted from the beads by incubation in boiling water for 5 min
in the presence of 5 % 2-mercaptoethanol. After centrifugation,
supernatants were used for determination of DISC molecules.

Analysis of viability and apoptosis

For clonogenic survival, cells were seeded in 60 mm dishes and
treated with various concentrations of Fas antibody or TNF-α
(BD PharMingen, San Diego, CA, U.S.A.). After a 14 day in-
cubation at 37 ◦C, plates were stained with a Crystal Violet, and
colonies with more than 50 cells were scored. For assessment of
apoptosis, cells growing in six-well plates were either left un-
treated or treated with cisplatin, Fas antibody or TNF-α for 24 h.
In some cases cells were pre-treated with Ac-IETD-CHO (acetyl-

Ile-Glu-Thr-Asp-aldehyde), Ac-DEVD-CHO (acetyl-Asp-Glu-
Val-Asp-aldehyde; Bachem, Bubendorf, Switzerland), or Fas-
antagonistic antibody (clone G254-274; BD PharMingen) for 1 h
and continuously treated together with the indicated concen-
trations of drug. The cells were fixed with methanol and incubated
with DAPI (4′,6-diamidino-2-phenylindole; Sigma) solution for
30 min in darkness. Floating cells from each well were also fixed
and returned to the respective wells. All cells were analysed using
an Olympus microscope at 420 nm. Apoptotic cells exhibiting
morphological features of apoptosis, including chromatin con-
densation and nuclear fragmentation [37], were counted in six to
eight randomly selected fields. Approx. 500 nuclei were examined
for each sample, and the results were expressed as the number of
apoptotic nuclei over the total number of nuclei counted.

Transfection of cells with ASOs (antisense oligonucleotides)

For antisense experiments, phosphothioated FLIP ASO (5′-
ACTTGTCCCTGCTCCTTGAA-3′) or control phosphothioated
oligonucleotide (5′-GGATGGTCCCCCCTCCACCAGGAGA-
3′; synthesized by the PAN Facility, Stanford University, Stanford,
CA, U.S.A.) was delivered in to cells by lipofection (Invitrogen)
at a final concentration of 600 nM, as described in [38]. After
4 h, medium was removed and replaced with the appropriate
cell growth medium containing the indicated concentrations of
oligonucleotide. Cells were incubated for an additional 10 h at
37 ◦C and then stimulated with the appropriate concentration of
cisplatin or Fas antibody for 24 h.

RESULTS

Reduced cell-surface-mediated caspase activation and apoptosis
in cisplatin-resistant cells

Cisplatin induced the activation of caspase-9 in a dose-dependent
manner in HeLa cells, but this activation was lower in resistant
cells (Figure 1A). Cisplatin also induced the activation of caspase-
8 in HeLa cells; however, the activation was less in cisplatin-
selected cells (R1, R2 and R3) than in parental cells. Caspase-8
was present mainly as two isoforms of approx. 54 kDa, possibly
caspase-8a and -8b [39]. Caspase-3 was cleaved proteolytically
using cisplatin (40 µM) in HeLa cells, from its inactive precursor
form into active fragments, but this treatment either completely
failed to activate or only slightly activated caspase-3 in the resis-
tant cells (R2 and R3), to an extent governed by their resistance.

Chromosomal fragmentation involves the activation of DFF
and so was also studied. The intensity of the DFF precursor was
reduced by cisplatin in HeLa, implying stronger DFF activation;
in addition, DFF was activated only slightly in R1 cells, but
not in R2 or R3 cells. Chromatin condensation and nuclear frag-
mentation also demonstrated cisplatin-induced apoptosis. As
shown in Figure 1(B), the percentage of HeLa cells that were
apoptotic increased dose-dependently; for example 10 and 40 µM
cisplatin induced 11 and 51 % apoptosis, respectively. However,
the induction of apoptosis was significantly reduced in cisplatin-
resistant cells: 40 µM cisplatin induced 28, 17 and 12 %
apoptosis in R1, R2 and R3, respectively. Kinetic studies reve-
aled that caspase-8 was activated after 12 h and the activation
was strengthened time-dependently in 40 µM cisplatin-treated
parental HeLa cells, but the activation was either strengthened
only slightly or was weakened greatly in cisplatin-resistant cells
(Figure 1C). Consistent with caspase-3 activation at 12 h,
DFF cleavage occurred after 12 h in parental HeLa cells, but
was not clearly detected in resistant cells. These results reveal that
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Figure 1 Reduced induction of apoptosis and activation of caspases in
cisplatin-resistant cells

HeLa and cisplatin-resistant HeLa cells (HeLa-CPR), R1, R2 and R3, were either left untreated or
treated with cisplatin as indicated for 24 h. (A) Immunoblot analysis of caspase-9, -8, -3 or DFF.
To demonstrate equal protein loading, blots were reprobed with anti-β-actin. The molecular-
mass markers (in kDa) are shown on the left. (B) Apoptosis was evaluated by DAPI staining
and fluorescence microscopy. The plotted values represent the mean +− S.D. obtained in three
independent experiments. (C) Kinetic analysis of immunoblotting of caspase-9, -8, -3 or DFF.
Cells were treated with cisplatin (40 µM), harvested at the indicated times and immunoblotted
using specific antibodies.

cisplatin may have caused the activation of caspase-8 and
perturbation of the mitochondria, leading to activation of the
apoptosome. Cisplatin-resistant cells exhibited reduced activation

Figure 2 Inhibition of cisplatin-induced caspase-3 activation and apoptosis
by caspase-8 inhibitor

(A) Inhibition of cisplatin-induced activation of caspase-8 reduced the activation of caspase-3 in
both cells. HeLa and HeLa-CPR (R3) cells were either left untreated or pretreated with Ac-IETD-
CHO for 1 h, and were continuously treated together with indicated concentrations of cisplatin
for 24 h. Immunoblot analysis of the lysates was performed using anti-caspase-3 or anti-DFF. To
demonstrate equal protein loading, blots were reprobed with anti-β-actin. The molecular-mass
markers (in kDa) are shown on the left. (B) Inhibition of cisplatin-induced caspase-8 activation
suppressed apoptosis in both cells. Cells were treated as in (A), and apoptosis was evaluated
by DAPI staining and fluorescence microscopy. The plotted values represent the mean +− S.D.
obtained in three independent experiments. (C) Inhibition of caspase-3 activation did not impact
the activation of caspase-8. Cells were either left untreated or pretreated with Ac-DEVD-CHO
for 1 h and continuously treated together with indicated concentrations of cisplatin for 24 h.
Immunoblot analysis of the lysates was performed using anti-caspase-8.

of mitochondria- and cell-surface-mediated caspases. Ac-IETD-
CHO, which has a certain preference for inhibiting caspase-8, was
included in the typical caspase activation assay to verify these
findings. As presented in Figures 2(A) and 2(B), caspase-3 was
strongly activated in HeLa and HeLa-CPR (R3) cells treated with
20 and 60 µM cisplatin, respectively. Ac-IETD-CHO markedly
inhibited the cisplatin-induced activation of caspase-3, DFF and
apoptosis in both cell lines. Interestingly, apoptosis was inhibited
by over 50% in both cell lines. Ac-DEVD-CHO, which has a
certain preference for inhibiting caspase-3, did not significantly
influence the cisplatin-induced caspase-8 activation in either cell
line (Figure 2C). These results indicate that the activation of cas-
pase-8 participates in cisplatin-induced apoptosis, and that cell-
surface death signalling influences cisplatin resistance upstream
of caspase-3.
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Figure 3 Suppressed induction of DISC in cisplatin-resistant cells

Cells were treated with cisplatin (40 µM), harvested at the indicated times and lysates were immunoprecipitated with Fas antibody. (A) Immunoblot analysis of the immune complex performed using
anti-FADD (top panel), anti-caspase-8 (middle panel) or anti-FLIP (bottom panel). (B) Kinetic analysis of immunoblotting of Fas or TNFR1. Cells were treated with cisplatin (40 µM), harvested at
indicated times and immunoblotted using specific antibodies. To demonstrate equal protein loading, blots were reprobed with anti-β-actin. C, control with no cisplatin treatment.

Suppressed induction of DISC in cisplatin-resistant cells

Fas-associated FADD, caspase-8 and FLIP were assayed by co-
immunoprecipitation following cisplatin treatment, to determine
whether cisplatin-resistant cells affect the formation of DISC.
Interestingly, the results of DISC formation assays showed that
more FADD and caspase-8 were co-immunoprecipitated with Fas
in parental cells than in resistant cells, and that the DISC formation
declined as resistance to cisplatin increased (Figure 3A). In
contrast, Fas-associated FLIP, which interferes with the activation
of caspase-8 at the DISC, increased with resistance of cisplatin.
Furthermore, the expression of death receptors, Fas and TNFR1,
was detected using specific antibodies. Cisplatin (40 µM) induced
marked up-regulation of Fas in HeLa cells, peaking at 3 h (Fig-
ure 3B). However, the up-regulation of Fas in resistant cells was
less than that in parental cells. The level of TNFR1 was not
changed by cisplatin treatment. Cisplatin-resistant cells thus
induced less DISC and Fas.

Reduced Fas-mediated activation of caspases and apoptosis in
cisplatin-resistant cells

Reduced induction of DISC and activation of caspase-8 by cis-
platin in resistant cells raises the possibility that acquired cisplatin
resistance may affect membrane receptor pathways. A Fas-
mediated apoptotic-signalling pathway in HeLa and HeLa-CPR
cells (R1, R2 and R3) was investigated to test this hypothesis.
Activating antibodies to Fas activated caspases 8, 9 and 3 and
DFF dose-dependently, in both sensitive and resistant HeLa
cells (Figure 4A). Interestingly, however, the activation of these
proteins was lower in resistant cells (R1, R2 and R3). Fas antibody
also up-regulated the expression of Fas in both sensitive and
resistant cells. However, the up-regulation was weak in resistant
cells (Figure 4B). Fas-induced apoptosis was evaluated with
reference to chromatin condensation and nuclear fragmentation:
the percentage of apoptotic cells within each cell type increased
with dose, but declined from 65 to 25% in HeLa, R1, R2 and

R3 cells treated with 30 ng of Fas antibody (Figure 4C). Similarly,
TNF-α-induced apoptosis was also lower in cisplatin-resistant
cells (results not shown).

The involvement of a Fas pathway in apoptosis was also tested
using Fas-antagonistic antibody (2 µg/ml) that effectively reduced
Fas-induced apoptosis (Figure 5). Furthermore, colony-forming
assay indicated that cisplatin-resistant cells are resistant to Fas-
antibody and TNF-α-induced cytotoxicity (Figure 4D and results
not shown). These results show that the cisplatin-resistant cells
become cross-resistant to death factors.

Inhibiting cisplatin-induced apoptosis by Fas-antagonistic antibody

HeLa cells and cisplatin-resistant HeLa cells (R3) were pre-
treated with Fas-antagonistic antibody and continuously treated
together with cisplatin to verify the involvement of Fas-mediated
signalling in cisplatin-induced apoptosis. The presence of Fas-
antagonistic antibody in the medium reduced the equitoxic con-
centration of cisplatin-induced apoptosis from 30 to 15% in both
HeLa and HeLa-CPR (R3) cells (Figure 5). The presence of ad-
ditional Ac-DEVD-CHO further weakened cisplatin-induced
apoptosis equally in both cell lines. For comparison, Fas-antago-
nistic antibody also reduced Fas antibody-induced apoptosis from
45 to 16% in HeLa cells. The results imply that a Fas-dependent
pathway may also mediate cisplatin-induced apoptosis, and
Fas-pathway inhibitors in the resistant cells typically block
cisplatin-induced apoptosis.

Overexpression of FLIP in resistant cells and sensitization
of cisplatin-induced apoptosis by inhibition of FLIP

The expression of anti-apoptotic proteins such as Bcl-2, Bcl-xL,
IAPs (inhibitor of apoptosis proteins) and FLIP in both parental
and resistant HeLa cells was examined to elucidate the involve-
ment of the negative regulators of apoptosis in cisplatin-resistance.
Interestingly, the expression of FLIP was found to be higher in
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Figure 4 Suppressed Fas-mediated activation of caspases and apoptosis in cisplatin-resistant cells

HeLa and cisplatin-resistant HeLa (HeLa-CPR; R1, R2 and R3) cells were either left untreated or treated with indicated concentrations of Fas antibody [plus cycloheximide (1 µg/ml)] for 24 h.
(A) Immunoblot analysis of caspase-8, -9, -3, DFF or (B) Fas. To demonstrate equal protein loading, blots were reprobed with anti-β-actin. (C) Apoptosis was evaluated by DAPI staining and
fluorescence microscopy. The plotted values represent the means +− S.D. obtained in three independent experiments. (D) Reduced Fas-antibody-induced cytotoxicity in cisplatin-resistant cells. HeLa
and cisplatin-resistant HeLa (HeLa-CPR; R1, R2 and R3) cells were either left untreated or treated with indicated concentrations of Fas antibody [plus cycloheximide (1 µg/ml)] for 12 h. After 14 days
of incubation at 37 ◦C, plates were stained with Crystal Violet, and colonies with more than 50 cells were scored. Data are expressed as percentage survival relative to the survival of untreated cells,
and are means+−S.D. obtained in three independent experiments.

Figure 5 Inhibition of cisplatin-induced apoptosis by Fas-antagonistic
antibody

Cells were either left untreated or pretreated with Fas-antagonistic antibody or Ac-DEVD-CHO for
1 h and continuously treated together with indicated concentrations of Fas antibody or cisplatin
for 24 h. Apoptosis was evaluated by DAPI staining and fluorescence microscopy. The plotted
values represent the means+−S.D. obtained in three independent experiments.

resistant cells than in parental cells (Figure 6A). However, the
levels of Bcl-2, Bcl-xL and IAPs in resistant cells apparently did
not differ from those in parental cells (Figure 6A and results
not shown). Inhibition of FLIP by FLIP ASO considerably
sensitized both parental and resistant HeLa cells to cisplatin-

induced apoptosis (Figure 6B), whereas treatment with control
oligonucleotide (Figure 6B, CO ASO) did not increase apoptosis
induced by cisplatin. Furthermore, FLIP ASO promoted the
cisplatin-induced activation of caspase-3 and DFF (Figure 6C).
These findings imply that FLIP may protect cells from cisplatin-
induced apoptosis and may participate in cisplatin resistance.

Sensitizing Fas antibody-induced apoptosis by inhibiting FLIP

FLIP prevents the recruitment and cleavage of caspase-8 at the
DISC and inhibits apoptosis in cells of types I and II [30].
Increased induction of apoptosis and activation of DFF by FLIP
inhibiting the response to cisplatin stimuli raises the possibility
that FLIP ASO may also modulate the death receptor pathway. As
shown in Figure 7, FLIP ASO, but not control ASO, significantly
sensitized Fas-mediated apoptosis in both parental and resistant
cells (Figure 7A). Consistent with apoptosis, caspase-3 and DFF
activation was increased in both parental and resistant cells
(Figure 7B).

DISCUSSION

Cisplatin in cultured cells can induce cell-surface death pathways.
Notably, the activation of caspase-8 is weaker in serial cisplatin-
selected cells than in parental HeLa cells. Other researchers have
indicated that caspase activation is a central biochemical event
in mitochondrion- and cell-surface-mediated apoptosis [17]. A
subfamily of the TNFR superfamily, the death receptors constitute
an important system that triggers apoptosis [12–14,40]. Of this
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Figure 6 Overexpression of FLIP in cisplatin-resistant cells and sensitization of cisplatin-induced apoptosis by inhibition of FLIP

(A) Overexpression of FLIP in cisplatin-resistant cells. Cell extracts of HeLa and cisplatin-resistant HeLa cells (HeLa-CPR), R1, R2 and R3, underwent immunoblot analysis with antibodies to
FLIP or IAP1. To demonstrate equal protein loading, blots were reprobed with anti-β-actin. (B) Sensitization of cisplatin-induced apoptosis by inhibition of FLIP. HeLa and HeLa-CPR cells
were either left untransfected or transfected with control ASO (CO ASO) or FLIP ASO for 14 h, and continuously treated together with indicated concentrations of cisplatin for 24 h. Apoptosis
was evaluated by DAPI staining and fluorescence microscopy. The plotted values represent the means +− S.D. obtained in three independent experiments. The inset indicates the levels of FLIP
in cells transfected with control (CO ASO) or FLIP ASOs. (C) Increased activation of caspase-3 and DFF by inhibition of FLIP. Lysates were prepared from cells treated as in (B) (except CO
ASO) and immunoblot analysis was performed using antibodies to caspase-3, PARP (polyADP-ribose polymerase) or DFF.

death receptor family, caspase-8 [41–43], the most receptor-
proximal caspase, is recruited to the receptor by the adaptor
molecule FADD [44,45]. Treating cells with either cisplatin or
Fas-activating antibodies, or with TNF-α, activates caspases 3 and
8 [21,25,27,46,47]. Herein, the activation of caspases 3 and 8 in
response to cisplatin is suppressed in cisplatin-selected HeLa
cells. Apoptosis in resistant cells is likely to be reduced upstream
of caspase-3 because the inhibition of caspase-3 did not influence
caspase-8 activation and the inhibition of caspase-8 activity
similarly prevents apoptosis in both parental and cisplatin-
resistant cells. Evidence that the formation of DISC is suppressed
in the resistant cells directly supports this hypothesis. The defect in
DISC formation in cisplatin-selected cells by cisplatin confirmed
the claim that acquired cisplatin resistance involves a cell-surface-
mediated apoptotic pathway. Either the effector caspases in cell-
surface-mediated death signals are defective or the regulators that
discriminate against the death pathways are strong in resistant

cells. Since antagonistic Fas antibody typically attenuates Fas-
mediated apoptosis in resistant cells, anti-apoptotic regulators
may be acquired therein. Evidence that more Fas-associated FLIP,
an inhibitor of caspase-8 activation, was present in resistant cells
may support this suggestion. Cisplatin has been recently shown
to be able to activate mitochondrion-mediated caspases, but the
extent of the activation of caspase is reduced in cisplatin-resistant
HeLa cells [32]. Although cisplatin-induced caspase-8 activation
in cancer cells has been studied [21,25], this study is the first to
demonstrate that the inhibition of a cell-surface-mediated death
pathway may be involved in acquiring resistance to cisplatin.

Although the basal level of Fas in resistant cells was similar
to that in parental HeLa cells, the induction of Fas and apoptosis
was weaker in resistant cells. This result may partially explain
the attenuation of the activation of Fas in resistant cells. The
lymphoproliferative phenotype was recovered when Fas was ex-
pressed as a transgene in the lymphocytes of lpr mice, verifying
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Figure 7 Sensitizing Fas-antibody-induced apoptosis by inhibiting FLIP

(A) Sensitizing Fas-induced apoptosis by inhibiting FLIP. HeLa and HeLa-CPR cells were either
left untransfected or transfected with control (CO ASO) or FLIP ASO for 14 h and continuously
treated together with Fas antibody [plus cycloheximide (1 µg/ml)] for 24 h. Apoptosis was
evaluated by DAPI staining and fluorescence microscopy. The plotted values represent the
means +− S.D. obtained in three independent experiments. (B) Increased activation of caspase-3
and DFF by inhibition of FLIP. Lysates were prepared from cells treated as in (A) (except CO
ASO) and immunoblot analysis was performed using antibodies to caspase-3, PARP (polyADP-
ribose polymerase) or DFF. To demonstrate equal protein loading, blots were reprobed with
anti-β-actin.

that Fas is involved in the apoptosis of T-lymphocytes [48]. UV-
or cytotoxic drug-induced apoptosis is much weaker in Fas-re-
sistant cells [31,49,50]. Furthermore, the overexpression of Fas
increases the sensitivity of UV-induced apoptosis [31]. Therefore,
a chemotherapeutic agent, such as cisplatin, which may activate
the Fas pathway, is a potential cause of cross-resistance to other
agents that activate Fas. FLIP protein has been identified to
block apoptosis induced by death receptors of the TNF family or
chemotherapeutic agents [28,51–53]. The suppressed induction of
Fas-mediated apoptosis in resistant cells is associated with high
levels of FLIP, which interfere with the activation of caspase-8
at the DISC. The modulation by FLIP ASO of cisplatin or Fas
antibody-induced apoptosis in resistant cells is stronger than that
in parental cells, implying that FLIP up-regulation is an important
factor in governing cross-resistance to Fas death signalling. The
data imply that the up-regulation of FLIP may make cells resistant
to cisplatin. Accordingly, long-term exposure of cells to cisplatin
may sometimes induce mutations, such as reduced Fas activation
and/or up-regulation of the anti-apoptotic protein, FLIP. Although
levels of Bcl-2 and other anti-apoptotic proteins are the same
in resistant cells, the possibility of the involvement of active
proteins like the phosphorylated form of Bcl-2 [54] cannot be
excluded. The failure to undergo apoptosis is frequently linked to
drug resistance, so the combined activation of death pathways, in-
cluding mitochondrion- and cell-surface-mediated pathways, may
represent an effective method of killing tumour cells. The evidence
presented herein indicates that cancer cells that are exposed for
a long time to cisplatin may become resistant to mitochondria
and to cell-surface-mediated apoptosis, and that DISC formation

and FLIP are potential targets for overcoming drug resistance in
cancer treatment.

This work was supported by an intramural fund from Chang Gung University (CMRP743
and 1025) and a grant from the National Science Council, Republic of China (NSC88-2316-
B182-005 and NSC89-2316-B182-007). C. C.-K. C. is the Yuan-Tche Lee Distinguished
Chair from the Foundation for the Advancement of Outstanding Scholarship. P. K. is a
recipient of a postdoctoral fellowship from the National Science Council and from Chang
Gung University.

REFERENCES

1 Andrews, P. A., Velury, S., Mann, S. C. and Howell, S. B. (1998) cis-
Diamminedichloroplatinum (II) accumulation in sensitive and resistant human ovarian
carcinoma cells. Cancer Res. 48, 68–73

2 Chu, G. and Chang, E. (1990) Cisplatin-resistant cells express increased levels of a factor
that recognizes damaged DNA. Proc. Natl. Acad. Sci. U.S.A. 87, 3324–3328

3 Chao, C. C. K., Lee, L. Y., Cheng, P. W. and Lin-Chao, S. (1991) Enhanced host cell
reactivation of damaged plasmid DNA in HeLa cells resistant to
cis-diamminedichloroplatinum (II). Cancer Res. 51, 601–605

4 Yang, J., Liu, X., Bhalla, K., Kim, C. N., Ibrado, A. M., Cai, J., Peng, T. I., Jones, D. P. and
Wang, X. (1997) Prevention of apoptosis by Bcl-2: release of cytochrome c from
mitochondria blocked. Science 275, 1129–1132

5 Kluck, R. M., Bossy-Wetzel, E., Green, D. R. and Newmeyer, D. D. (1997) The release of
cytochrome c from mitochondria: a primary site for Bcl-2 regulation of apoptosis. Science
275, 1132–1136

6 Zou, H., Henzel, W. J., Liu, X., Lutschg, A. and Wang, X. (1997) Apaf-1, a human protein
homologous to C. elegans CED-4, participates in cytochrome c-dependent activation of
caspase-3. Cell 90, 405–413

7 Li, P., Nijhawan, D., Budihardjo, I., Srinivasula, S. M., Ahmad, M., Alnemri, E. S. and
Wang, X. (1997) Cytochrome c and dATP-dependent formation of Apaf-1/caspase-9
complex initiates an apoptotic protease cascade. Cell 91, 479–489

8 Saleh, A., Srinivasula, S. M., Acharya, S., Fishe, R. and Alnemri, E. S. (1999) Cytochrome
c and dATP-mediated oligomerization of Apaf-1 is a prerequisite for procaspase-9
activation. J. Biol. Chem. 274, 17941–17945

9 Liu, X., Zou, H., Slaughter, C. and Wang, X. (1997) DFF, a heterodimeric protein that
functions downstream of caspase-3 to trigger DNA fragmentation during apoptosis. Cell
89, 175–184

10 Kischkel, F. C., Hellbardt, S., Behrmann, I. M., Germer, M., Pawlita, M., Krammer, P. H. and
Peter, M. E. (1995) Cytotoxicity-dependent APO-1 (Fas/CD95)-associated proteins form a
death-inducing signaling complex (DISC) with the receptor. EMBO J. 14, 5579–5588

11 Scaffidi, C., Krammer, P. H. and Peter, M. E. (1999) Isolation and analysis of components
of CD95 (APO-1/Fas) death-inducing signaling complex. Methods 17, 287–291

12 Nagata, S. (1997) Apoptosis by death factor. Cell 88, 355–365
13 Schlze-Osthoff, K., Ferrari, D., Los, M., Wesselborg, S. and Peter, M. E. (1998) Apoptosis

signaling by death receptors. Eur. J. Biochem. 254, 439–459
14 Gupta, S. (2001) Molecular steps of death receptor and mitochondrial pathways of

apoptosis. Life Sci. 69, 2957–2964
15 Muzio, M., Stockwell, B. R., Stennicke, H. R., Salvesen, G. S. and Dixit, V. M. (1998) An

induced proximity model for caspase-8 activation. J. Biol. Chem. 273, 2926–2930
16 Enari, M., Talanian, R. V., Wong, W. W. and Nagata, S. (1996) Sequential activation of

ICE-like and CPP32-like proteases during Fas-mediated apoptosis. Nature (London)
380, 723–726

17 Cohen, G. M. (1997) Caspases: the executioners of apoptosis. Biochem J. 326, 1–16
18 Liu, X., Li, P., Widlak, P., Zou, H., Luo, X., Garrard, W. T. and Wang, X. (1998) The 40-kDa

subunit of DNA fragmentation factor induces DNA fragmentation and chromatin
condensation during apoptosis. Proc. Natl. Acad. Sci. U.S.A. 95, 8461–8466

19 Tang, D. and Kidd, V. J. (1998) Cleavage of DFF-45/ICAD by multiple caspases is
essential for its function during apoptosis. J. Biol. Chem. 273, 28549–28552

20 Enari, M., Sakahira, H., Yokoyama, H., Okawa, K., Iwamatsu, A. and Nagata, S. (1998)
A caspase-activated DNase that degrades DNA during apoptosis, and its inhibitor ICAD.
Nature (London) 391, 43–50

21 Seki, K., Yoshikawa, H., Shiiki, K., Hamada, Y., Akamatsu, N. and Tasaka, K. (2000)
Cisplatin (CDDP) specifically induces apoptosis via sequential activation of caspase-8,
-3 and -6 in osteosarcoma. Cancer Chemother. Pharmacol. 45, 199–206

22 Blanc, C., Deveraux, Q. L., Krajewski, S., Janicke, R. U., Porter, A. G., Reed, J. C.,
Jaggi, R. and Marti, A. (2000) Caspase-3 is essential for procaspase-9 processing and
cisplatin-induced apoptosis of MCF-7 breast cancer cells. Cancer Res. 60, 4386–4390

23 Kuwahara, D., Tsutsumi, K., Kobayashi, T., Hasunuma, T. and Nishioka, K. (2000)
Caspase-9 regulates cisplatin-induced apoptosis in human head and neck squamous cell
carcinoma cells. Cancer Lett. 148, 65–71

c© 2003 Biochemical Society



260 P. Kamarajan, N.-K. Sun and C. C.-K. Chao

24 Marzo, I., Susin, S. A., Petit, P. X., Ravagnan, L., Brenner, C., Larochette, N., Zamzami, N.
and Kroemer, G. (1998) Caspases disrupt mitochondrial membrane barrier function. FEBS
Lett. 427, 198–202

25 Micheau, O., Hammann, A., Solary, E. and Dimanche-Boitrel, M. T. (1999)
STAT-1-independent upregulation of FADD and procaspase-3 and -8 in cancer cells
treated with cytotoxic drugs. Biochem. Biophys. Res. Commun. 256, 603–607

26 Medema, J. P., Scaffidi, C., Krammer, P. H. and Peter, M. E. (1998) Bcl-xL acts
downstream of caspase-8 activation by the CD95 death-inducing signaling complex.
J. Biol. Chem. 273, 3388–3393

27 Srinivasan, A., Li, F., Wong, A., Kodandapani, L., Smidt, R., Krebs, J. F., Fritz, L. C., Wu,
J. C. and Tomaselli, K. J. (1998) Bcl-xL functions downstream of caspase-8 to inhibit
Fas- and tumor necrosis factor receptor 1-induced apoptosis of MCF7 breast carcinoma
cells. J. Biol. Chem. 273, 4523–4529

28 Krammer, P. H. (2000) CD95′s deadly mission in the immune system. Nature (London)
407, 789–795

29 Griffith, T., Chin, W., Jackson, G., Lynch, D. and Kubin, M. (1998) Intracellular regulation
of TRAIL-induced apoptosis in human melanoma cells. J. Immunol. 161, 2833–2840

30 Scaffidi, C., Schmitz, I., Zha, J., Koresmeyer, S. J., Krammer, P. H. and Peter, M. E. (1999)
Differential modulation of apoptosis sensitivity in CD95 type I and type II cells. J. Biol.
Chem. 274, 22532–22538

31 Rehemtulla, A., Hamilton, C. A., Chinnaiyan, A. M. and Dixit, V. M. (1997) Ultraviolet
radiation-induced apoptosis is mediated by activation of CD-95 (Fas/APO-1) J. Biol.
Chem. 272, 25783–25786

32 Kamarajan, P., Sun, N. K., Sun, C. L. and Chao, C. C. K. (2001) Apaf-1 overexpression
partially overcomes apoptotic resistance in a cisplatin-selected HeLa cell line. FEBS Lett.
505, 206–212

33 Chao, C. C. K., Huang, S. L., Huang, H. M. and Lin-Chao, S. (1991) Cross-resistance to
UV radiation of a cisplatin-resistant human cell line: overexpression of cellular factors
that recognize UV-modified DNA. Mol. Cell. Biol. 11, 2075–2080

34 Chao, C. C. K. and Huang, S. L. (1993) Apparent alterations in the early stage of excision
repair of UV-induced DNA damages in a HeLa mutant cell line that is resistant to
genotoxic stresses. Mutat. Res. 303, 19–27

35 Chao, C. C. K. (1994) Decreased accumulation as a mechanism of resistance to
Cis-diamminedichloroplatinum (II) in cervix carcinoma HeLa cells: relation to DNA repair.
Mol. Pharmacol. 45, 1137–1144

36 Scaffidi, C., Fulda, S., Srinivasan, A., Friesen, C., Li, F., Tomaselli, K. J., Debatin, K. M.,
Krammer, P. H. and Peter, M. E. (1998) Two CD95 (APO-1/Fas) signaling pathways.
EMBO J. 17, 1675–1687

37 Wyllie, A. H., Morris, R. G., Smith, A. C. and Dunlop, D. (1984) Chromatin cleavage in
apoptosis: association with condensed chromatin morphology and dependence on
macromolecular synthesis. J. Pathol. 142, 66–77

38 Bennett, C. F., Chiang, M. Y., Chan, H., Shoemaker, J. E. and Mirabelli, C. K. (1992)
Cationic lipids enhance cellular uptake and activity of phosphorothioate antisense
oligonucleotides. Mol. Pharmacol. 41, 1023–1033

39 Scaffidi, C., Medema, J. P., Krammer, P. H. and Peter, M. E. (1997) FLICE is
predominantly expressed as two functionally active isoforms, caspase-8/a and
caspase-8/b. J. Biol. Chem. 273, 26953–26958

40 Peter, M. E., Scaffidi, C., Medema, J. P., Kischkel, F. C. and Krammer, P. H. (1998)
Apoptosis: biology and mechanism; Results and problems in cell differentiation. In The
Death Receptors, vol. 23 (Kumar, S., ed.), pp. 25–63, Springer-Verlag, Heidelberg

41 Boldin, M. P., Goncharov, T. M., Goltsev, Y. V. and Wallach, D. (1996) Involvement of
MACH, a novel MORT1/FADD-interacting protease, in Fas/APO-1- and TNF receptor-
induced cell death. Cell 85, 803–815

42 Fernandes-Alnemri, T., Armstrong, R. C., Krebs, J., Srinivasula, S. M., Wang, L., Bullrich,
F., Fritz, L. C., Trapani, J. A., Tomaselli, K. J., Litwack, G. and Alnemri, E. S. (1996) In vitro
activation of CPP32 and Mch3 by Mch4, a novel human apoptotic cysteine protease
containing two FADD-like domains. Proc. Natl. Acad. Sci. U.S.A. 93, 7464–7469

43 Muzio, M., Chinnaiyan, A. M., Kischkel, F. C., O’Rourke, K., Shevchenko, A., Ni, J.,
Scaffidi, C., Bretz, J. D., Zhang, M., Gentz, R., Mann, M., Krammer, P. H. et al. (1996)
FLICE, a novel FADD-homologus ICE/CED-3-like protease, is recruited to the CD95
(Fas/APO-1) death inducing signaling complex. Cell 85, 817–827

44 Boldin, M. P., Varfolomeev, E. E., Pancer, Z., Mett, I. L., Camonis, J. H. and Wallach, D.
(1995) A novel protein that interacts with the death domain of Fas/APO1 contains a
sequence motif related to the death domain. J. Biol. Chem. 270, 7795–7798

45 Chinnaiyan, A. M., O’ Rourke, K., Teari, M. and Dixit, V. M. (1995) FADD, a novel death
domain-containing protein, interacts with the death domain of Fas and initiates apoptosis.
Cell 8, 505–512

46 Sun, X. M., MacFarlane, M., Zhuang, J., Wolf, B. B., Green, D. R. and Cohen, G. M.
(1999) Distinct caspase cascades are initiated in receptor-mediated and chemical-
induced apoptosis. J. Biol. Chem. 274, 5053–5060

47 Rokhlin, O. W., Glover, R. A. and Cohen, M. B. (1998) Fas-mediated apoptosis in human
prostatic carcinoma cell lines occurs via activation of caspase-8 and caspase-7. Cancer
Res. 58, 5870–5875

48 Wu, J., Zhou, T., Zhang, J., He, J., Gause, W. C. and Mountz, J. D. (1994) Correction of
accelerated autoimmune disease by early replacement of the mutated lpr gene with the
normal Fas apoptosis gene in the T cells of transgenic MRL-lpr/lpr mice. Proc. Natl.
Acad. Sci. U.S.A. 91, 2344–2348

49 Aragane, Y., Kulms, D., Metze, D., Wilkes, G., Poeppelmann, B., Luger, T. A. and Schwarz,
T. (1998) Ultraviolet light induces apoptosis via direct activation of CD95 (Fas/APO-1)
independently of its ligand CD95L. J. Cell. Biol. 140, 171–182

50 Friesen, C., Fulda, S. and Debatin, K. M. (1999) Cytotoxic drugs and the CD95 pathway.
Leukemia 13, 1854–1858

51 Spierings, D. C., de Vries, E. G., Vellenga, E. and de Jong, S. (2003) Loss of
drug-induced activation of the CD95 apoptotic pathway in a cisplatin-resistant testicular
germ cell tumor cell line. Cell Death Differ. 10, 808–822

52 Matta, H., Eby, M. T., Gazder, A. F. and Chaudhary, P. M. (2002) Role of MRIT/cFLIP in
protection against chemotherapy-induced apoptosis. Cancer Biol. Ther. 1, 652–660

53 Kinoshita, H., Yoshikawa, H., Shiiki, K., Hamada, Y., Nakajima, Y. and Tasaka, K. (2000)
Cisplatin (CDDP) sensitizes human osteosarcoma cell to Fas/CD95-mediated apoptosis
by down-regulating FLIP-L expression. Int. J. Cancer 88, 986–991

54 Pratesi, G., Polizzi, D., Pergo, P., Dal Bo, L. and Zunino, F. (2000) Bcl-2 phosphorylation
in a human breast carcinoma xenograft: a common event in response to effective DNA-
damaging drugs. Biochem. Pharmacol. 60, 77–82

Received 6 May 2003/24 July 2003; accepted 11 August 2003
Published as BJ Immediate Publication 11 August 2003, DOI 10.1042/BJ20030659

c© 2003 Biochemical Society


