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Abstract
Small cell lung cancer cell lines were resistant to FasL and
TRAIL-induced apoptosis, which could be explained by an
absence of Fas and TRAIL-R1 mRNA expression and a
deficiency of surface TRAIL-R2 protein. In addition, caspase-8
expression was absent, whereas FADD, FLIP and caspases-3,
-7, -9 and -10 could be detected. Analysis of SCLC tumors
revealed reduced levels of Fas, TRAIL-R1 and caspase-8
mRNA compared to non-small cell lung cancer (NSCLC)
tumors. Methylation-specific PCR demonstrated methylation
of CpG islands of the Fas, TRAIL-R1 and caspase-8 genes in
SCLC cell lines and tumor samples, whereas NSCLC samples
were not methylated. Cotreatment of SCLC cells with the
demethylating agent 50-aza-2-deoxycytidine and IFNc partially
restored Fas, TRAIL-R1 and caspase-8 expression and
increased sensitivity to FasL and TRAIL-induced death.
These results suggest that SCLC cells are highly resistant
to apoptosis mediated by death receptors and that this
resistance can be reduced by a combination of demethylation
and treatment with IFNc.
Cell Death and Differentiation (2003) 10, 356–364. doi:10.1038/
sj.cdd.4401157
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Introduction

Lung cancer is the second most common cause of death after
cardiovascular disease and is the major cause of cancer
deaths in the Western world.1 Small cell lung carcinoma
(SCLC) is a neuroectoderm-derived tumor that originates
from neuroendocrine cells of the bronchoepithelium.2 and

accounts for 25% of lung cancers. It represents a particularly
aggressive form of the disease, characterized by early and
widespread metastases. Although initially responsive to
chemotherapy, SCLC has only a 5% 5-year survival rate
due to recurrent tumors. SCLC shares phenotypic similarities
with the pediatric cancer neuroblastoma, including the
amplification of the N-myc oncogene,which correlates with
poor prognosis in both diseases.3,4

Impaired apoptosis has been recognized as a major
contributor to tumor development and drug resistance.5 In
mammalian cells, apoptosis is induced by two distinct path-
ways. The mitochondrial pathway is triggered by DNA
damage and involves the release of cytochrome c from
mitochondria and the subsequent activation of caspase-9 and
downstream effector caspases-3, -6 and -7. In contrast, the
death receptor pathway is induced by ligands of the tumor
necrosis factor (TNF) family such as FasL/CD95L and TRAIL
(TNF-related apoptosis-inducing ligand)/APO2L, which signal
apoptosis by binding to the cell surface receptors Fas/CD95,
and TRAIL-R1/DR4 and TRAIL-R2/DR5 respectively.6 On
binding ligand, the receptors dimerize and form a cytosolic
complex with the adaptor protein FADD/MORT, which recruits
procaspase-8 and/or procaspase-10, resulting in their activa-
tion and the cleavage of the effector caspases. In some
instances, caspase-8 also cleaves Bid, which amplifies the
death receptor signal by inducing mitochondrial cytochrome c
release and caspase-9 activation.7

Up to 90% of SCLC tumors and cell lines overexpress the
antiapoptotic molecule Bcl-2 which negatively regulates the
mitochondrial pathway by blocking cytochrome c release.8,9

There is also evidence suggesting that impairment of the
death receptor pathway in SCLC might be an additional
mechanism involved in the resistance of SCLC cells to
apoptosis. Studies on SCLC cell lines revealed that, in some
cases, missense point mutations occur in the TRAIL-R1
gene,10 and in addition the expression of caspases-8 and -10
is often absent.11 However, these studies did not assess the
sensitivity of SCLC cells to the death receptor pathway, and
SCLC tumor samples were not examined. In this study, we
were interested in determining whether SCLC cells were
indeed resistant to the death receptor pathway and, if so, to
identify the mechanisms responsible. We found that SCLC
cells are resistant to FasL and TRAIL-induced death, and
demonstrate that DNA methylation is responsible for the
silencing of Fas, TRAIL-R1 and caspase-8 expression.

Results

Resistance of SCLC cells to FasL and
TRAIL-induced apoptosis

The sensitivity of SCLC cells to the death receptor pathway
was first investigated by treating cell lines with the ligands
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FasL and TRAIL. Cells were incubated for 16 h with super-
natant derived from Neuro2A cells expressing FasL or with
crosslinked recombinant TRAIL, and MTT cell viability and
trypan blue cell death assays were performed (Figure 1a, b).
At the concentration of ligands used, Jurkat T cells were highly
sensitive to both FasL and TRAIL, whereas the non-small cell
lung carcinoma (NSCLC) cell line H460 was only moderately
sensitive and all SCLC cell lines tested were completely
resistant. Caspase-3-like activity could be detected in both
Jurkat T cells and H460 cells after 4 h incubation with FasL or

TRAIL; however no activity was measured for the SCLC cell
line SW2 (Figure 1c).

Expression of death receptors in SCLC cells and
tumors

In order to determine why SCLC cell lines were resistant to the
death receptor pathway, FACs analysis was performed to
measure the expression of death receptors by SCLC cell
lines. Figure 2 shows that intact H460 NSCLC cells expressed
detectable amounts of surface Fas and TRAIL-R1 and R2. In
contrast, no surface death receptors could be detected on
SCLC cell lines SW2 and N417, nor on any of the other SCLC
cell lines tested (data not shown). TRAIL receptors have been
reported to be expressed intracellularly in addition to being
present on the cell surface, with TRAIL-R1 and -R2 localizing
to the trans-Golgi network.12 It was therefore investigated
whether death receptors were located intracellularly in SCLC
cells by permeabilizing them with saponin prior to FACs
staining. The levels of TRAIL-R1 and TRAIL-R2-associated
fluorescence were increased in H460 cells after permeabiliza-
tion, while Fas levels remained unchanged. In permeabilized
SCLC cells, the levels of TRAIL-R2 dramatically increased,
whereas Fas and TRAIL-R1 could not be detected. These
results suggest that TRAIL-R1 and Fas proteins are not
expressed by SCLC cells and that TRAIL-R2 is retained
intracellularly.
RT–PCR analysis was performed to determine whether the

absence of Fas and TRAIL-R1 expression in SCLC cells was
at the mRNA level. The expresssion of decoy receptors
TRAIL-R3 and -R4 has been associated with resistance to
TRAIL-induced death in some studies,12 therefore, the
expression of TRAIL-R3 and -R4 was also investigated in
SCLC by RT–PCR. H460 NSCLC cells expressed Fas and all
four TRAIL death receptor mRNAs (Figure 3a). In contrast,
Fas, TRAIL-R1 and -R4 mRNA were absent from all five
SCLC cell lines, whereas TRAIL-R2 mRNAwas detected in 3/
5 SCLC cell lines and TRAIL-R3 mRNA was observed in all
cells tested. Tumor tissue from two SCLC patients (L8 and
L29) and one NSCLC patient (L20) were also investigated for
their expression of death receptor mRNA (Figure 3b). In
agreement with the data obtained with the H460 cell line,
mRNA for Fas and all four TRAIL receptors was detected in
the NSCLC tumor sample. In contrast, comparable to the
results found with SCLC cell lines, tumor tissue from both
SCLC patients contained TRAIL-R2 and-R3 mRNA, but no
Fas, TRAIL-R1 or TRAIL-R4. In summary, these results
demonstrate that SCLC cells do not express Fas and TRAIL-
R1 mRNA, and although TRAIL-R2 expression does occur,
the receptor was not present at the cell surface. It is therefore
highly unlikely that FasL or TRAIL can signal apoptosis in
these cells.

Expression of intracellular members of the death
receptor pathway in SCLC cell lines and tumors

In order to determine whether further defects were present in
the death receptor pathway in SCLC cells, the expression of
molecules downstream of death receptors was then investi-

0

2

4

6

8

10

12

14

Jurkat H460 SW2

F
ol

d 
in

cr
ea

se
 in

 a
ct

iv
ity

0

20

40

60

80

100

120

Jurkat H460 SW2 N417 H69 OH-1 OH-3

%
 C

el
l v

ia
bi

lit
y

0

20

40

60

80

100

Jurkat H460 SW2 OH3

%
 D

ea
d 

C
el

ls

a

b

c

Figure 1 Resistance of SCLC cells to FasL and TRAIL-induced apoptosis. (a)
The MTT assay was used to measure decreased cell growth induced by FasL
and TRAIL. Cells were incubated for 16 h with 10% FasL supernatant (black
columns) or with 100 ng/ml crosslinked TRAIL (gray columns), 10% control
supernatant or medium alone. Assays were performed in quadruplicate, and the
mean percentage cell viability of FasL- and TRAIL-treated cells was calculated
compared to cells treated with control supernatant or untreated cells,
respectively. Error bars represent the S.D. of replicate wells. (b) Cell death
induced by FasL and TRAIL was measured by trypan blue staining. Cells were
incubated for 16 h with medium alone (pale-gray columns), 10% control
supernatant (white columns), 10% FasL-containing supernatant (black columns)
or with 100 ng/ml crosslinked TRAIL (dark-gray columns). The percentage of
dead cells in each sample was determined after trypan blue staining. Samples
were measured in triplicate and mean +S.D. values calculated. (c) Measurement
of caspase-3-like activity. Cells were treated for 4 h with 10% supernatant
containing FasL (black columns) or 100 ng/ml crosslinked TRAIL (gray columns).
The fold increase in activity induced by FasL or TRAIL was calculated compared
to values obtained from cells incubated with 10% control supernatant or medium,
respectively. The mean+S.D. of three independent experiments are
shown
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gated by Western blotting. The adaptor molecule FADD and
caspases-3, -7, -9 and -10 were detected in SCLC cells at
levels comparable to Jurkat T cells (Figure 4a). In addition, the
caspase-8 inhibitor FLICE inhibitory protein (FLIP) was
detected in both Jurkat cells and SCLC cells. Caspase-7
was detected in the N417 cell line as a 20 kDa fragment (data
not shown), probably due to the spontaneous apoptosis that is
known to occur in SCLC cells in culture.13 In contrast to other

caspases, caspase-8 precursor expression was not detected
in any of the SCLC cell lines, whereas it could be readily
measured in Jurkat T cells. To exclude the possibility that the
caspase-8 precursor is cleaved and therefore not detectable
in SCLC cell lines, cells were incubated with the caspase
inhibitor zVADfmk prior to Western blotting; however, this did
not increase the amount of caspase-8 detected (data not
shown). SCLC cells were also found to be deficient for

Figure 2 Measurement of death receptor expression on intact and permeabilized cells by flow cytometry. Cells were stained with anti-human Fas Mab conjugated to
FITC or with TRAIL-R1 or -R2 Mabs followed by FITC-conjugated secondary antibodies (black peaks). Isotype matched controls were also included (white peaks).
Permeabilized cells were treated with 0.1% saponin prior to antibody staining
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Figure 3 Detection of death receptor mRNA expression in SCLC cell lines and tumors by RT-PCR. RT-PCR was performed on RNA isolated from (a) cell lines and (b)
tumor samples from 2 SCLC patients (L8 and L29) and one NSCLC patient (L20). C represents a control lane with no cDNA. One-fifth of the final PCR products were
loaded on 2% agarose gels
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caspase-8 mRNA, suggesting that the inhibition of expression
is at the level of transcription (Figure 4b). Caspase-8 mRNA
expression was also investigated in tumor samples derived
fromSCLC andNSCLC patients. Only low levels of caspase-8
mRNA were detected in samples from the two SCLC patients
in comparison to the samples from the NSCLC patient,
suggesting that caspase-8 expression may also be down-
regulated in SCLC tumors in vivo (Figure 4b).

Silencing of death receptors and caspase-8 in
SCLC cells

The expression of caspase-8 and Fas can be induced in
neuroblastoma cells and ras-transformed fibroblasts respec-
tively on treatment with the demethylating drug 50-aza-2-
deoxycytidine (5-AzaC), indicating that both genes are
silenced by DNA methylation.14,15 In order to further investi-
gate the methylation status of the CpG islands present in the
50 flanking regions of the caspase-8, Fas and TRAIL-R1
genes, methylation-specific PCR (MSP) was performed on
sodium bisulfite-treated DNA derived from SCLC cell lines.
Figure 4c shows that whereas NSCLC H460 bisulfite-treated
DNA did not contain methylated caspase-8, Fas or TRAIL-R1
CpG islands, DNA from SCLC cell lines was methylated for all
three CpG islands, with the exception of the H69 cell line
where the Fas CpG island was not methylated. When primers
specific for an unmethylated caspase-8 CpG island were used
in MSP reactions, DNA from H460 cells and three out of five

SCLC cell lines were positive. This indicates that the caspase-
8 CpG island is unmethylated in H460 cells, and is methylated
in two SCLC cell lines, whereas in the remaining three SCLC
lines hemimethylation occurs due to either intercellular or
interallelic heterogeneity. To further verify the MSP data,
purified PCR products were digested with the restriction
enzyme Taq 1, which has a CpG in its recognition sequence
and can therefore distinguish between PCR products derived
from methylated and unmethylated caspase-8, Fas and
TRAIL-R1 samples (data not shown).

Caspase-8, Fas and TRAIL-R1 CpG islands are
methylated in SCLC tumors

The methylation status of caspase-8, Fas and TRAIL-R1 CpG
islands was also investigated in DNA from 25 SCLC and four
NSCLC tumors (Table 1). MSP using primers specific for a
methylated caspase-8 CpG island gave positive signals in
52% of SCLC samples and in none of the NSCLC samples. In
contrast, MSP using primers specific for unmethylated
caspase-8 CpG islands gave positive signals for all tumor
samples. Taken together, this shows that the caspase-8 CpG
island is unmethylated in NSCLC tumors and 48% of SCLC
tumors, while the remaining 52% of SCLC samples were
heterogeneous and contained methylated DNA and also
unmethylated DNA that may have originated from contam-
inating nontumoral DNA. Both the Fas and TRAIL-R1 CpG
islands were methylated in 40% of SCLC tumors and in none
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Figure 4 Detection of expression of downstream members of death receptor pathway and silencing by DNA methylation in SCLC. (a) Protein lysates (100 mg/lane)
were separated by 12% SDS-AGE and immunoblotted with antibodies specific for cFLIP, FADD and caspases-3, -7, -8, -9, -10 and beta actin. (b) RT–PCR was
performed on RNA isolated from cell lines and tumor samples from two SCLC patients (L8 and L29) and one NSCLC patient (L20). C represents a control lane with no
cDNA. One-fifth of the final PCR products were loaded on 2% agarose gels. (c) MSP to detect CpG island methylation for the Fas TRAIL-R1 and caspase-8 genes. PCR
was performed on sodium bisulfite-treated DNA using primers specific for methylated (M) or unmethylated (U) CpG islands. One-fifth of PCR products were loaded on
6% nonreducing polyacrylamide gels; C represents a control without bisulfite-treated DNA
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of the NSCLC tumors. Although only four SCLC tumors were
methylated for both Fas and TRAIL-R1, 72% of SCLC tumors
were methylated for at least two of the three genes.

5-AzaC and IFNc induce expression of silenced
genes and sensitize to FasL and TRAIL-induced
death

Demethylation with 5-AzaC has been previously demon-
strated to induce the expression of caspase-8 in neuroblas-
toma cells and to sensitize cells to TRAIL-induced
apoptosis.14 In addition, IFNg has been recently shown to

upregulate caspase-8 and Fas expression in neuroblastoma
cells and to sensitize them to TRAIL and FasL.16,17 Incubation
of the N417 SCLC cell line with 5-AzaC and/or IFNg induced
the expression of caspase-8, Fas and TRAIL-R1 mRNA as
measured by RT–PCR (Figure 5a). Treatment with 5-AzaC
and/or IFNg also upregulated caspase-8 protein expression
as determined by Western blotting (Figure 5b), and cotreat-
ment with both agents induced low but detectable surface Fas
and TRAIL-R1 (Figure 5c) whereas levels of TRAIL-R2 were
unchanged (data not shown). Coincubation of N417 cells with
5-AzaC and IFNg increased their sensitivity to TRAIL and
FasL, while treatment with either agent alone had little effect
(Figure 5d).

Discussion

Several genetic events that result in resistance to apoptosis
induced by death receptors have been described in different
cancer types. These include mutations in the death receptor
genes18 and overexpression of inhibitory molecules such as
soluble death receptors,19 decoy receptors20 and FLIP.21 In
addition, epigenetic silencing of members of the death
receptor pathway via DNA methylation can also occur. We
and others have shown that caspase-8 expression is silenced
in neuroblastoma and primary neuroectodermal brain tu-
mors,14,22 whereas in prostate and bladder carcinomas Fas
expression is silenced.23 In the present study, SCLC cells
were found to be highly resistant to the death receptor
pathway induced by FasL or TRAIL. The mechanisms
responsible for this resistance were found to include the
silencing of Fas, TRAIL-R1 and caspase-8 genes by DNA
methylation, and the intracellular retention of TRAIL-R2.
We observed that TRAIL-R2mRNAwas expressed in three

out of five SCLC cell lines as well as in two SCLC tumor
samples. In agreement with these findings, TRAIL-R2 mRNA
expression was also previously reported in 12 out of 20 SCLC
cell lines.24 Whether those cell lines that do not express
TRAIL-R2 are silenced by DNA hypermethylation is currently
under investigation. In cell lines that expressed TRAIL-R2,
expression was observed to be intracellular, as only permea-
bilization of cells prior to FACs staining gave a positive signal.
Similarly, Zhang et al.12 reported that TRAIL-R2 is located in
the trans-Golgi network (TGN) in addition to the cell
membrane in melanoma cells.12 The mechanism for the
intracellular retention of TRAIL-R2 in SCLC cells remains to

Table 2 Primer sequences used for MSP

Primer Sequence

Casp-8 methylated forward TAGGGGATTCGGAGATTGCGA
Casp-8 methylated reverse CGTATATCTACATTCGAAACGA
Casp-8 unmethylated forward TAGGGGATTTGGAGATTGTGA
Casp-8 unmethylated reverse CCATATATCTACATTCAAAACAA
Fas methylated forward AGAAAGGGTAGGAGGTCG
Fas methylated reverse ATCACTCTTACGCGAAATC
TRAIL-R1 methylated forward GAGCGTAGCGAGTGGGATAGAG
TRAIL-R1 methylated Reverse CCGAACCCGAACACTAAATCCG

Table 1 MSP of NSCLC and SCLC tumor DNA

Tumor Cancer Casp-8 U Casp-8 M FasM R1M

L20 NSCLC Y N N N
L21 NSCLC Y N N N
970 NSCLC Y N N N
463 NSCLC Y N N N
23 SCLC Y N Y Y
185 SCLC Y N N N
190 SCLC Y N N N
324 SCLC Y N N N
641 SCLC Y N N N
696 SCLC Y N N N
777 SCLC Y N N N
787 SCLC Y N N Y
968c SCLC Y N N Y
972a SCLC Y N N Y
106 SCLC Y N Y Y
977 SCLC Y N N N
L8 SCLC Y Y Y Y
L29 SCLC Y Y Y Y
5 SCLC Y Y N N
104 SCLC Y Y Y N
119 SCLC Y Y Y N
152 SCLC Y Y Y N
212 SCLC Y Y N Y
241 SCLC Y Y Y N
306 SCLC Y Y Y N
325 SCLC Y Y N N
406 SCLC Y Y N N
971a SCLC Y Y N Y
149 SCLC Y Y Y Y

Positive band in PCR: Y, yes; N, no.
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be elucidated; however, the finding that the TRAIL-R3 decoy
receptor is expressed by all SCLC cells and tumors suggests
that it may be involved.
Although the inhibitory molecule FLIP was expressed by all

SCLC cell lines tested, its importance in TRAIL resistance
remains questionable, since TRAIL-sensitive Jurkat T cells
expressed similar levels of this molecule. In addition, the FLIP
molecule is thought to inhibit death-receptor-induced apopto-
sis by competing with caspase-8 for the death receptor
complex.21 The absence of caspase-8 expression in SCLC
cells would therefore make the function of FLIP redundant. An
alternative role for FLIP has been proposed whereby it
activates NF-kappa B, resulting in increased cell survival.25

The expression of FLIP by SCLC cells may therefore be
important for cell survival even in the absence of caspase-8.

CpG ‘islands’ occur in the promoter regions of almost half of
the genes of the human genome and are usually unmethy-
lated. However, in cancer cells, methylation of CpG islands
occurs more frequently and correlates with transcriptional
repression. The silencing of tumor suppressor gene expres-
sion in this manner is thought to contribute to carcinogen-
esis.26 Mutations in the caspase-8,27 Fas 28 and TRAIL-R1 10

genes have been detected in cancer cells, suggesting that
they may be tumor suppressor genes that are inactivated by
either DNA methylation or mutation as part of the malignant
process. Although silencing of caspase-8 expression by DNA
methylation has been previously described in pediatric
cancers, the present study is the first to show that a similar
phenomenon occurs in an adult cancer of much higher
incidence. The silencing of tumour suppressor genes is often
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Figure 5 Incubation with 5-AzaC and IFNg induces caspase-8, Fas and TRAIL-R1 expression in SCLC cells and sensitizes them to death-receptor-mediated
apoptosis. (a) RT–PCR was performed on RNA isolated from Jurkat T cells or N417 cells treated with 1mM 5-AzaC and/or 2500 U/ml IFNg for 72 h. Primers specific for
Fas, TRAIL-R1, caspase-8 or beta actin were used to amplify cDNA and one-fifth of PCR products were loaded on 2% agarose gels. C represents a control PCR reaction
without cDNA. (b) Western blotting was performed on Jurkat T cells or N417 cells treated with 1 mM 5-AzaC and/or 2500 U/ml IFNg for 72 h. Protein lysates (100 mg/lane)
were separated by 12% SDS–PAGE and immunoblotted with mouse Mabs specific for caspase-8 and beta actin. (c) Measurement of death receptor expression in N417
cells after 72 h incubation with 1 mM 5-AzaC and/or 2500 U/ml IFNg by flow cytometry. Cells were stained with anti-human Fas Mab conjugated to FITC or with TRAIL-R1
Mabs followed by FITC-conjugated secondary antibodies (black peaks). Isotype matched controls were also included (white peaks). (d) Cells were incubated for 72 h
with medium (white columns), 10% FasL supernatant (black columns) or 200 ng/ml crosslinked TRAIL (gray columns) either alone or in combination with 1 mM 5-AzaC
and/or 2500 U/ml IFNg. Assays were performed in quadruplicate, and the mean percentage cell viability of FasL- and TRAIL-treated cells was calculated compared to
cells treated with control supernatant or untreated cells, respectively. Error bars represent the S.D. of replicate wells
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an early event in the natural history of human cancer. Thus
sites of altered DNA methylation constitute promising mole-
cular markers for use in early cancer detection and in
monitoring disease progression and treatment responses.29

The analysis of serum DNA derived from SCLC patients for
caspase-8, Fas and TRAIL-R1 CpG island methylation is a
major topic of our current research programes.
Treatment of neuroblastoma cells with either the demethy-

lating drug 5-AzaC or IFNg has been shown in previous
studies to induce caspase-8 and Fas expression and to
sensitize them to death-receptor-induced death.14,16,17 In
SCLC cells that are silenced for caspase-8, Fas and TRAIL-
R1 expression, treatment with both 5-AzaC and IFNg was
necessary to induce sufficient expression of caspase-8, Fas
and TRAIL to reduce their resistance to Fas and TRAIL-
induced death. Unfortunately, the use of demethylating
agents such as 5-AzaC for cancer therapy is limited by toxic
side effects; therefore, the development of novel agents that
more specifically inhibit the expression of DNA methyltrans-
ferases in tumor cells and their use in combination with IFNg
and TRAIL is worthwhile.30

The identification of strategies used by cancer cells to resist
death is of paramount importance for the design of effective
therapies. The results of this study demonstrate that the Fas
and TRAIL pathways of apoptosis have been effectively
inactivated in SCLC cells, which can be partially explained by
the simultaneous silencing of caspase-8, Fas and TRAIL-R1
and the intracellular retention of TRAIL-R2. Our laboratory
has shown that in SCLC cells the mitochondrial pathway of
apoptosis can be effectively activated by antisense-mediated
inhibition of Bcl-2 expression.9 Further investigations to
translate these findings into novel therapeutic concepts that
may help to improve the treatment outcome in SCLC are
currently underway.

Materials and Methods

Materials

Mouse anti-Fas, TRAIL-R1, -R2 and -R3 Mabs and rabbit anti-FLIP anti-
bodies were from Alexis Corporation (Lausen, Switzerland). Mouse
anti-caspase-8 Mabs were from Medical and Biological Laboratories
(Nagoya, Japan). Mouse anti-caspase-3 Mabs and rabbit anti-caspase-10
antibodies were from Transduction Laboratories and Pharmingen
International (Heidelberg, Germany). Rabbit anti-caspase-7 and -9
antibodies were from New England Biolabs (Frankfurt, Germany). 5-
AzaC sodium bisulfite and hydroquinone were from Sigma (Buchs,
Switzerland). Recombinant cross-linked TRAIL was obtained from Alexis
Corporation. Supernatants from murine neuroblastoma Neuro2A cells
transfected with FasL or empty vector as control were a kind gift of
Professor Fontana (University Hospital Zürich, Switzerland). A 1 : 10
dilution of the Neuro2A supernatant was sufficient to induce death in
sensitive cell lines, as previously reported.31 Recombinant interferon
gamma was purchased from Roche Diagnostics (Mannheim, Germany).

Cell lines

The Jurkat T, H460, N417 and NCI-H69 cell lines were obtained from
ATCC (Rockville, MD, USA). The SW2, OH-1 and OH-3 cell lines have
been described previously.9,32,33 Cells were cultured in RPMI/10% FCS

supplemented with 2 mM L-glutamine, 50 IU/ ml penicillin and 50mg/ml
streptomycin. All cell cultures were maintained at 371C in a humidified
atmosphere with 5% CO2.

Tumor material

Tumor DNA was isolated from 2–5 mm paraffin sections as follows.
Paraffin-embedded tissue was scraped from three to five slides with a
sterile scalpel and paraffin was dissolved in 1 ml xylene. Samples were
centrifuged at 12 000 rpm for 10 min and the supernatant discarded. DNA
was then precipitated in ethanol, and remaining tissue was digested with
20 mg/ml proteinase K at 651C, and the enzyme was then inactivated at
951C for 10 min.

Cell growth assays

Cell viability was quantitated using a colorimetric 3-(4, 5-dimethylthiazol-2-
yl)-2,5-(3-diphenyl tetrazolium bromide) (MTT) assay (Sigma). Assays
were performed on cells plated at 100 000 cells/well in 96-well plates. Cells
were incubated with ligands at 371C in a humidified 5% CO2 atmosphere
for 16 h, after which 10ml of 10 mg/ml MTT solution was added to each
well, and the cultures incubated for 90 min at 371C, when 100 ml MTT lysis
buffer was added to stop the reaction. Absorbance was measured with an
ELISA plate reader at 570 nm Trypan blue exclusion assays were
performed after plating 106 cells/well in six-well plates. Cells were
trypsinized and washed in PBS, then resuspended in 0.4% trypan blue in
PBS. At least 250 living and dead cells were counted per sample using a
light microscope and the percentage of dead cells was calculated.

Caspase-3-like activity

Cells were plated at 106 cells/well in six-well plates. After 4 h incubation
with ligand, cells were harvested and washed in PBS, and pellets were
resuspended in cell extraction buffer (CEB) (50 mM PIPES, 50mM KCl,
5mM EGTA, 2 mM MgCl2, 2mM PMSF, 1 mM DTT and protease
inhibitors). Samples underwent two freeze/thaw cycles and were then
centrifuged for 10 min at 14 000 rpm at 41C and the supernatants
recovered. A total of 40mg of protein diluted in CEB was pipetted per well
of a 96-well plate. Control wells were incubated with 0.01 mM DEVD-CHO
inhibitor (Bachem, Bubendorf, Switzerland), and all wells were incubated
with 0.08 mM DEVD-pNa substrate (Bachem) for a minimum of 3 h at
371C. Absorbance was measured at 405 nm using an ELISA reader.
Control values incubated with DEVD-CHO were subtracted from sample
values.

RT–PCR

RNA was isolated from cell lines or tumors using the Rneasy kit according
to the manufacturer’s instructions (Qiagen, Basel, Switzerland); however
tumor samples were initially sonicated in lysis buffer. A total of 1mg of RNA
was used to synthesize cDNA, and 10% of this was used in PCR reactions.
Primers and conditions used to amplify Fas, TRAIL-R1, R2, R3 and R4,
caspase-8 and beta actin have been described elsewhere.14 One-fifth of
PCR product was loaded on 2% agarose gels and visualized with ethidium
bromide. Amplification of genomic DNA was controlled by omitting reverse
transcriptase from the cDNA synthesis reaction.
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Flow cytometry

For FACs staining of intact cells, cells were washed in FACs buffer (1%
BSA in PBS) and incubated with 1 mg/ml FITC-conjugated anti-human Fas
Mab and 10 mg/ml TRAIL-R1, and -R2 Mabs on ice. Cells stained for
TRAIL receptors were then incubated with 5 mg/ml FITC-conjugated anti-
mouse IgG1 antibodies (BD Pharmingen). Cells were washed and fixed in
4% paraformaldehyde in PBS. For intracellular FACs staining, cells were
initially fixed in 4% paraformaldehyde in PBS and permeabilized with 0.1%
saponin in PBS prior to FACs staining. Isotype matched Mabs from
Pharmingen were used as controls. Approximately 10 000 events were
collected using a Becton Dickinson FACS-calibur machine.

Western blotting

Cells were resuspended in lysis buffer (1% NP-40, 0.1% SDS, 0.5%
sodium deoxycholate, 150 mM NaCl, 20 mM Tris-HCl pH 8, 1 mM PMSF,
and protease inhibitors). A total of 100 mg of protein was separated by 12%
SDS–PAGE and transferred onto PVDF membranes. Blots were blocked
with 5% milk in TBS + 0.05% Tween20 (TBST) and incubated overnight at
41C with primary antibodies. Blots were then washed in TBST and
incubated for 1 h with secondary polyclonal antibodies coupled to
horseradish peroxidase. Blots were then washed in TBST and developed
using ECL chemiluminesence (Amersham Pharmacia Biotech Europe
GmbH, Dübendorf, Switzerland).

MSP

DNA was isolated from cell lines or tumors using Qiagen Dneasy kit
according to the manufacturer’s instructions. Bisulfite modification of DNA
was performed as described elsewhere.34 PCR reactions were performed
using 100 ng bisulphate-modified DNA as template and using FastStart-
Taq polymerase (Roche Molecular Biochemicals, Rotkreuz, Switzerland).
Amplification of unmodified genomic DNA was controlled by omitting the
bisulfite treatment. One-fifth of PCR products were loaded on 6%
polyacrylamide gels. The sequences of primers used are shown in Table
2. Caspase-8 primers are described by Teitz et al. 27 while the other
primers were designed using the Gene Runner Software program. The
following PCR conditions were used: for caspase-8 PCR reactions, the
annealing temperature was 551C and the number of cycles was 40; for
TRAIL-R1, the annealing temperature was 601C and the cycle number
was 40; and for Fas, the annealing temperature was 571C and the cycle
number was 35. Samples that gave positive methylation products were
also analyzed by restriction enzyme digestion of the resulting PCR
product. The endonuclease TaqI cuts once at (T/CGA) in the amplified
regions of the methylated Fas, TRAIL-R1 and caspase-8 CpG islands, but
not the corresponding unmethylated CpG islands. It was therefore used to
verify the methylation status samples (data not shown).
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