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ABSTRACT

L oss of expression of the apoptosis protease activator protein-1 (APAF-1)
in human melanoma is thought to promote resistance to programmed cell
death by preventing caspase-9 activation. However, the role of the APAF-
1-dependent pathway in apoptosis activated by cellular stress and/or
DNA damage has been recently questioned. We investigated APAF-1
expression in a large panel of human melanomas and assessed cellular
response to several proapoptotic agents in tumors expressing or lacking
APAF-1 protein. In two melanomas with wild-type p53 but with differen-
tial expression of APAF-1, treatment with camptothecin, celecoxib, or an
nitric oxide synthase inhibitor (1400W) significantly modulated expres-
sion of 36 of 96 genes in an apoptosis-specific cONA macroarray, but
APAF-1 mRNA levels were not induced (in APAF-1~ cells) nor up-
regulated (in APAF-1" cells), a finding confirmed at the protein level.
Treatment with cisplatin, camptothecin, etoposide, betulinic acid, cele-
coxib, 1400W, and staurosporine promoted enzymatic activity not only of
caspases -2, -8, and -3 but also of caspase-9 in both APAF-1" and
APAF-1~ tumor cells. Moreover, drug-induced caspase-9 enzymatic ac-
tivity could be not only partially but significantly reduced by caspase-2, -3,
and -8 —specific inhibitorsin both APAF-1* and APAF-1~ tumor cells. In
response to 1 to 100 mwmol/L of cisplatin, camptothecin, or celecoxib,
APAF-1* melanomas (n = 12) did not show significantly increased levels
of apoptosis compared with APAF-1~ tumors (n = 7), with the exception
of enhanced apoptosis in response to a very high dose (100 umol/L) of
etoposide. These results suggest that the response of human melanoma
cellsto different proapoptotic agents may beindependent of their APAF-1
phenotype.

INTRODUCTION

When human melanoma progresses to metastatic stage, powerful
mechanisms of resistance to chemotherapy, radiation, and biological
intervention are established in the neoplastic lesions, thus hampering
the efficacy of current medical therapies (1, 2). These mechanisms
often depend on the ability of neoplastic cells to evade apoptosis (3).
Melanoma resistance to programmed cell death is a complex trait
resulting from altered regulation at several steps along the “extrinsic”
and the “intrinsic” pathways leading to caspase activation. In the first
one, the death receptor-dependent pathway, engagement of CD95 or
tumor necrosis factor receptors initiates the apoptotic cascade by
activation of apical caspase-8 and -10, which then in turn activate
downstream effector caspases such as caspase-3 and -7 (4). In the
“intrinsic” pathway, the apoptotic cascadeisinitiated by cellular stress
or DNA damage and is associated with release of cytochrome ¢ from
mitochondria (4). These two pathways can be affected in human
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melanoma by several processes. Inactivation of the PTEN tumor
suppressor or mutation of N-Ras or B-Raf oncogenes are examples of
somatic aterations leading to constitutive activation of antiapoptotic
signaling cascades that promote cell survival (2). In addition, up-
regulation of antiapoptotic factors or down-modulation of proapop-
totic genes are frequent in human melanoma. For example, constitu-
tive expression of inhibitors of apoptosis (such as melanoma inhibitor
of apoptosis protein and survivin), FLICE-inhibitory proteins, and
antiapoptotic members of the Bcl-2 family (such as Mcl-1 and Bcl-
X ) has been described previously (see refs. 2 and 5 for review). In
addition, melanoma cells may even express the serine protease inhib-
itor PI-9/SPI-6, resulting in inactivation of the cytolytic factor Gran-
zyme B (6). Human melanomas may alternatively down-regulate the
apoptosis protease activator protein-1 (APAF-1). The inactivation of
APAF-1 results from loss of one allele and transcriptional silencing of
the other and can promote melanoma chemoresistance to Adriamycin,
a chemoterapeutic drug that induces p53-dependent apoptosis (7).
The APAF-1 molecule, one of the transcriptional targets of p53 in
response to DNA damage agents (8, 9), has been initialy considered
arelevant player in the pathway leading to caspase activation, after
triggering the mitochondrial pathway of cell death (10). In fact, on the
basis of results obtained by Li et al. (11), APAF-1 was shown to
represent one of the essential components of a large protein complex
(the apoptosome) that was formed in the presence of dATP by
cytochrome ¢, which was released from mitochondria, with APAF-1
itself, and with procaspase-9 (12). According to this model, pro-
caspase-9 autocatalytically converts itself into an active caspase after
recruitment in the apoptosome and then activates the effector
caspase-3 (13). Thus, caspase-9 was considered the apical initiator
caspase, at least for stress-induced apoptosis. Further support for a
relevant, or even essential role of APAF-1, in stress-induced pro-
grammed cell death, has subsequently come from other studies that
used cells from APAF-1-deficient mice (14, 15). Thus, ES cells or
embryonic fibroblasts from APAF-1~'~ mice were shown to resist
apoptosis induced by anticancer drugs and UV irradiation (14). Sim-
ilarly, cells from APAF-1-deficient mice resisted apoptosis induced
by serum deprivation or hypoxia, even after transduction with c-Myc
and oncogenic RAS genes (15). However, more recent results have
challenged the view that the APAF-1—-dependent pathway is an initi-
ator of caspase activation, or even an essential player in apoptosis
activated by cellular stress and/or DNA damage, in neoplastic cells. In
fact, after DNA damage in E1A-transformed fibroblasts and even in
some human cancer cell lines, activation of caspase-2 but not of
caspase-9 was found to be the apical event required for activation of
the proteolytic cascade that is needed for apoptosis before mitochon-
drial permeabilization (16). Furthermore, in caspase-9 '~ and APAF-
17'~ mice, apoptosis initiated by Bcl-2 was found to be independent
of the apoptosome/caspase-9 complex (17). Additiona results have
indicated that apoptosis promoted by staurosporine can take place in
APAF-1" cells, athough by a caspase-independent mechanism and
with a delayed kinetics (18), further strengthening the notion that
programmed cell can take place even in an APAF-1-independent
fashion. Taken together, these results have suggested that the role of
APAF-1 in programmed cell death might be cell context-dependent
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and that in some cell types the apoptosome might be an amplifier of
the caspase cascade rather than an obligate step in induction of
apoptosis. In the light of these new findings, we evaluated the cellular
responses of human melanoma cells, expressing or lacking APAF-1
protein, to several anticancer drugs that either induce DNA damage or
are known for activating the mitochondrial pathway of apoptosis. The
results suggest that in human melanoma, the APAF-1 phenotype of
neoplastic cells may not represent an immediate predictor of response
to several proapoptotic agents.

MATERIALS AND METHODS

Normal and Neoplastic Cells. Short-term melanoma cell lines used in this
study were established as described previously (19) from surgical specimens of
lesions removed from patients admitted to our institute. All melanoma cell
lines were isolated from patients not subjected previously to chemotherapy.
The melanoma cell line SK-Mel-5 was obtained from American Type Culture
Collection (Manassas, VA). Melanoma clones were isolated by cloning in soft
agar from a metastatic melanoma (Me665/2), as described previously (20). All
cell lines and clones were maintained in RPMI 1640 (BioWhittaker, Verviers,
Belgium) supplemented with 10% FCS (BioWhittaker), 2 mmol/L L-glutamine
(BioWhittaker), 20 mmol/L HEPES buffer (BioWhittaker), 200 units/ml pen-
icillin (Pharmacia, Milan, Italy), and 40 pwg/ml Gentalyn (Italfarmaco, Milan,
Italy). Norma human newborn melanocytes (Clonetics Corp., Walkersville,
MD) were cultured in melanocyte growth medium asindicated by the provider.

Immunohistochemical Analysis of Benign and Malignant Melanocytic
Lesions. Immunohistochemical analysiswas done on routinely formalin-fixed
and paraffin-embedded specimens, as described previously (21). To optimize
immunodetection of APAF-1, antigen unmasking was done as previously
described (21). Staining for APAF-1 was conducted with a monoclonal rat
antibody (MAB3503, Chemicon International, Temecula, CA) directed against
the CARD (caspase activation and recruitment) domain common to all human
APAF-1 isoforms (22). Tissue sections subjected to the same treatment but
without incubation with primary monoclonal antibody (mAb) were used as
negative controls. Levels of expression of APAF-1 found in normal epithelium,
skin adnexa, and background inflammatory cells were used as baseline for
evaluation of the intensity of the marker in neoplastic lesions and classified as
strong, weak, and negative.

Monoclonal Antibodies and |mmunofluorescence Analysis. Expression
of APAF-1 was determined by intra-cytoplasmic immunofluorescence in sap-
onin-permeabilized cells as described previously (23). Permeabilized cells
were stained with anti-APAF-1 mAb (Chemicon International) followed by
incubation with a fluorescein-conjugated affinity-purified goat antirat antibody
(Jackson ImmunoResearch, West Grove, PA). Cells stained with a mAb to
human vimentin (Cymbus Biotechnology Ltd., Chandlers Ford, United King-
dom) followed by incubation with fluorescein-conjugated F(ab"), fragments of
a goat-antimouse antibody (Jackson ImmunoResearch) were used as a positive
control for cell permeabilization. After staining and washing, the samples were
analyzed for expression by a FACS-Calibur cytofluorimeter (Becton Dickin-
son, Franklin Lakes, NJ).
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Fig. 1. Expression of APAF-1in normal adult melanocytes, melanoma cell lines, and tissue sections. A, flow cytometry analysis for APAF-1 expression in normal adult melanocytes
and melanoma cells lines. SK-Mel-5 cell line was obtained from American Type Culture Collection. Empty histograms, staining with anti-APAF-1 mAb; gray histograms, cells stained
with secondary antibody only. B, Western blot analysis for the expression of APAF-1 in representative melanoma cell lines. C, flow cytometry analysis for APAF-1 expression in five
cultures of normal adult melanocytes and in cell lines from 16 primary (vertical growth phase) melanomas, 61 lymph node metastases, 10 subcutaneous metastases, and 14 clones
isolated in vitro from a single subcutaneous metastasis. Results expressed as a percentage of positive cells. D, representative staining patterns for APAF-1 found in sections of normal
skin (1), dermal nevus (2), two distinct areas (3 and 4) of the same primary tumor with positive or negative staining for APAF-1, a negative metastatic lesion (L.N.; 5), and three distinct
areas (6—8) of a heterogeneous metastasis showing positive, weak, or negative staining for APAF-1. Arrows, normal melanocytes.
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Table 1 Expression of APAF-1 in benign and malignant melanocytic lesions

Benign
melanocytic  Primary  Melanoma metastases
APAF-1 Expression lesions  melanomas to lymph nodes
Strong and homogeneously positive 8* 0 0
Heterogeneous and weak staining 0 5 3
Negative 0 2 3
Total 8 7 6

NOTE. Tissue sections were stained with mAb to APAF-1.

* Results expressed as number of lesions showing the indicated staining pattern for
APAF-1 protein. Level of expression of APAF-1 in normal epithelium, skin adnexa, and
background inflammatory cells were used as baseline for evaluation of the intensity of the
marker in neoplastic lesions, classified as strong, weak and negative.

Western Blot Analysis for APAF-1 Expression. Melanoma cells were
lysed with abuffer containing 500 mmol/L Tris-HCI (pH 7.4), 1.5 mol/L NaCl,
1% SDS, 10% NP40, 10 mmol/L EDTA (N2), 10 mmol/L EGTA, 100 mmol/L
sodium fluoride, 100 mmol/L sodium orthovanadate, and 1:25 dilution of
Protease Inhibitor Cocktail (Roche, Milan, Italy). Protein samples (5 n.g) were
subjected to electrophoresis under reducing conditions on 8% polyacrylamide
minigels. The proteins were then electroblotted to a polyvinylidene difluoride
membrane (Hybond-P; Amersham Bioscience, Buckinghamshire, United
Kingdom), and the membrane was blocked with 10 mmol/L Tris-HCI and 150
mmol/L NaCl (TBS) plus 0.1% Tween containing 5% nonfat milk. The
membrane was rinsed with 0.1% TBS/Tween and then incubated for 1 hour at
room temperature in the presence of antibody specific for APAF-1 (Chemicon
International). After washing, the membrane was incubated for 1 hour at room

temperature with horseradish peroxidase-conjugated affinity-purified goat-
antirat 1gG secondary antibody (Chemicon International). The membrane was
also incubated with an antibody specific for g-actin (Sigma-Aldrich, Milan,
Italy) and then with horseradish peroxidase-conjugated affinity-purified goat-
antirabbit 1gG secondary antibody (Amersham Biosciences). Development was
done by the chemiluminescence method following the manufacturer’s protocol
(Pierce Technology Corp., Isdlin, NJ).

Gene Expression Levels by Pathway-Specific Array Analysis. Mela
noma cellsin the log phase of growth were cultured for 24 hours in serum-free
medium with 50 wmol/L camptothecin (Aventis Pharma, Milan, Italy), cele-
coxib (Pfizer, New York, NY) and with the nitric oxide synthase (iNOS)
inhibitor N-(3-(aminomethyl)benzyl) acetamidine (1400W, Cayman Chemical,
Ann Arbor, MI). Levels of expression of 96 genes involved in the apoptotic
pathway were then compared in treated and control cultures by the Human-
Apoptosis GEArray Q Series (SuperArray, Bethesda, MD). To this end,
TriPure Isolation Reagent (Roche Molecular Biochemicals, Mannheim, Ger-
many) was used to prepare total cellular RNA. cDNA was obtained from 5 ug
RNA of each sample by reverse transcription with Moloney murine leukemia
virus reverse transcriptase (Invitrogen Life Technologies, Inc. CA) in the
presence of [a-*3P][dATP (Amersham Biosciences). The resulting cDNA
probes were hybridized to gene-specific cDNA fragments spotted on the
GEArray membranes. The membranes were exposed to X-ray film (Amersham
Bioscience) and scanned with a Typhoon 8600-Variable Mode Imager (Am-
ersham Biosciences). The amount of radioactive signal from expression of
each specific gene was quantitated with ImageQuant software (Amersham
Biosciences) and after background subtraction, it was normalized to the aver-
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Fig. 2. Modulation of gene expression in melanoma cells after treatment with camptothecin, celecoxib or the iNOS inhibitor 1400W. A, melanoma cells from an APAF-1~ and an
APAF-1* tumor, both bearing wt p53, were cultured for 24 hours with 50 wmol/L camptothecin (1), celecoxib (2), or with the iNOS inhibitor 1400W (3). mRNA expression levels
were then compared in control and treated cells by a pathway-specific expression array (GEArray Human Apoptosis Array). Significance of changes in the mRNA levels induced by
each drug compared with control cultures (average of three determinations) was shown by a color code (see legend at the bottom of the figure). Genes with normalized expression not
significantly affected by drug treatment, compared with control cultures, were coded in white. B, normalized expression levels of nine representative genesin control cultures (—) versus

cultures treated with camptothecin (1), celecoxib (2), or 1400W (3).
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Fig. 3. APAF-1 protein expression in melanoma cells treated with proapoptotic agents.
Two tumors (shown even in Fig. 2), differing for APAF-1 expression but bearing both wt
p53 were treated with 50 wmol/L camptothecin, celecoxib, or 1400W. Expression of
APAF-1 protein in permeabilized cells was monitored after 24 hours by flow cytometry.
Gray histogram, cells stained with secondary FITC-labeled mADb only.

age signal derived from housekeeping genes present on the membrane (glyc-
eraldehyde-3-phosphate dehydrogenase, cyclophilin A, ribosomal protein
L13A, and B-actin).

Detection of Caspase Activity and Apoptosis. BD ApoAlert Caspase
Assay kit (BD Biosciences, Clontech, Palo Alto, CA) was used to evaluate
detection of enzymatic activity of caspase-2, -3, -8, and -9 in melanoma cells.
To this end, 1 X 10° melanoma cells were cultured from 30 minutes to 18
hours without serum in the presence or absence of 50 wmol/L cisplatin
(Pharmacia & Upjohn, Milan, Italy), betulinic acid (Sigma Aldrich), 1400W
(Cayman Chemical), etoposide (Bristol-Meyers Squibb, Rome, Italy), camp-
tothecin (Aventis Pharma), and celecoxib (Pfizer). In the same experiment,
melanoma cells were treated even with 700 nmol/L staurosporine (Sigma
Aldrich) for 5 hours, as positive control for caspase induction. Treated and
untreated cells were collected, resuspended in cold lysis buffer, and incubated
for 10 minutes on ice. After centrifugation (12,500 rpm for 5 minutes at 4°C),
cell lysates (50 uL) were incubated for 2 hours at 37°C with different caspase
substrates covalently linked to the fluorogenic dye 7-amino-4-methyl coumarin
in a reaction buffer containing DTT (1 mol/L). A fluorescence spectropho-
tometer (TECAN ULTRA 384, Gentronix, Manchester, United Kingdom) with
a380 nm excitation filter and a480 nm emission filter was used to measure the
release of 7-amino-4-methyl coumarin fluorochrome. As control, before reac-
tion with specific caspase substrates, cell lysates from drug-treated cells were
incubated with caspase-2, -3, -8, and -9 —specific inhibitors supplied with the
BD ApoAlert Caspase Assay kit (BD Biosciences). In some experiments,
melanoma cell lines were preincubated for 45 minutes with 20 umol/L of the
following caspase inhibitors: Z-VDVAD-FMK (caspase-2 inhibitor),
Z-DEVD-FMK (caspase-3 inhibitor), or Z-IETD-FMK (caspase-8 inhibitor,
Kamyia Biomedical Company, Seattle, WA). The cells were subsequently
cultured for 5 hours in the presence of 50 wmol/L camptothecin, etoposide or
celecoxib and then assessed for caspase enzymatic activity by the BD ApoA-
lert Caspase Assay kit (BD Biosciences).

For the evauation of apoptosis, sub-confluent monolayers of melanoma

cells were incubated for 48 hours in DMEM (EuroClone, Pero, Italy) without
serum and in the presence of 1 to 100 wmol/L of cisplatin (Pharmacia &
Upjohn), etoposide (Bristol-Meyers Squibb), camptothecin (Aventis Pharma),
or celecoxib (Pfizer). Quantification of apoptotic cells was done by flow
cytometry with the Annexin V-FITC kit (BD Biosciences, PharMingen, San
Diego, CA) as described previously (21).

Statistical Analysis. Gene expression levels in cDNA array experiments,
caspase enzymatic activities, and apoptosis assays were analyzed by ANOVA
followed by Student-Newman-Keuls multiple comparison test.

RESULTS

Reduced Expression of APAF-1 Is Frequent in Human Mela-
nomas, but Total Loss Is Not a Predominant Feature. APAF-1
expression was evaluated by flow cytometry after cell permeabiliza-
tion and by staining with a mAb directed against the CARD domain
common to all APAF-1 isoforms (22). Positive and negative tumors
were found among short-term melanoma cell lines isolated in our
laboratory from patients not subjected previously to chemotherapy
(Fig. 1A). Interestingly, normal melanocytes were not always APAF-1
positive (Fig. 1A). Differences in expression of APAF-1 among mel-
anoma cells lines were confirmed by Western blot analysis (Fig. 1B).
In al positive tumors, a single band of ~142 kDa was identified by
Western blot, consistent with the molecular weight of the functional
APAF-1 isoforms (22). Evaluation of APAF-1 protein expression by
flow cytometry in alarge panel of normal and neoplastic cells of the
melanocyte lineage confirmed APAF-1 expression, athough not in
100% of the cells in most instances (Fig. 1C). Complete loss of
APAF-1 was observed in one of five normal melanocytes. Moreover,
complete lack of APAF-1 was observed in 6 of 16 vertical growth-
phase primary tumors, in 7 of 61 lymph node metastatic lesions, and
in 2 of 10 subcutaneous metastases. In the APAF-1" primary and
metastatic cell lines, APAF-1 was expressed only on a fraction of the
cells, suggesting intratumoral heterogeneity, a finding confirmed by
the APAF-1 profile of 14 clones isolated from the same metastatic
melanoma (Fig. 1C). In addition, APAF-1 phenotype in the panel of
16 primary and 66 metastatic tumors was not significantly associated
with patient survival (data not shown). The heterogeneity and often-
reduced expression for APAF-1 seen in vitro was confirmed in tissues
sections of primary and metastatic tumors by immunohistochemistry
(Fig. 1D). Normal melanocytes within the surface epithelium showed
equal or greater intensity of stain when compared with epithelial cells
(Fig. 1D, arrows). All benign melanocytic lesions (8 compound or
dermal nevi were analyzed) showed a homogeneous strong reaction to
the marker (Fig. 1D for representative results and Table 1). In con-
trast, heterogeneity for APAF-1 and/or weaker staining or even |oss of
APAF-1 compared with benign lesions was observed in seven primary
tumors and six lymph node metastatic lesions (Fig. 1D and Table 1).

APAF-1 Is Not Induced/Modulated in Melanoma Cells by Dif-
ferent Proapoptotic Agents. APAF-1 has been considered an impor-
tant effector of p53-dependent apoptosis (10), and APAF-1 mRNA
and protein levels can be up-regulated in different cells after treatment
with agents that induce p53 accumulation (8—10). To evaluate gene
modulation by proapoptotic agents, two melanoma cell lines with
wild-type (wt) p53 (24), either expressing APAF-1 on most cells
(~90%) or completely lacking it, were treated with different drugs.
To this end we used a DNA topoisomerase | inhibitor (camptothecin),
a drug that induces apoptosis by the phosphatidylinositol 3'-kinase/
Akt and the apoptosome/caspase-9 pathways (celecoxib), and we also
used an inducible iINOS inhibitor (1400W) that promotes cell death by
a mitochondrial-dependent pathway (21, 25-27). Gene expression
levels were compared in treated and control cells by an apoptosis
pathway-specific cDNA array allowing to profile 96 different genes.
Cellswere analyzed after 24 hours of drug treatment, atime matching
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the known kinetics of p53-dependent gene and protein modulation
including APAF-1 in different cell types treated with proapoptotic
drugs (8-9, 28). Thirty-six genes, belonging to different functional
groups and including the Bcl-2 family, inhibitors of apoptosis,
caspases and the tumor necrosis factor receptor (TNFR) family, were
significantly modulated by drug treatment in one or both cell lines
(see Fig. 2A for significance of gene expression levels in treated
versus control cells and Fig. 2B for the extent of modulation of nine
representative genes). Camptothecin and 1400W up-regulated p53
levels in both cell lines (data not shown). However, APAF-1 was not
induced in the APAF-1-negative line nor significantly affected in the
positive line, although several p53-dependent genes were modulated
by drug treatment in one or both cell lines (such as survivin,
caspase-1, gadd45, MDM2, c-FLIP, and TRAILR2). The lack of
drug-treatment effect on APAF-1 expression was confirmed at the
protein level. At 24 hours, the APAF-1" melanoma remained negative
after treatment with camptothecin, celecoxib, or the iNOS inhibitor
(Fig. 3). The same proapoptotic agents did not increase APAF-1
protein expression in the APAF-1-positive tumor, although a partial
APAF-1 reduction after cell exposure to camptothecin was detected
(Fig. 3). Similar results were obtained even after 48 hours of drug
treatment (data not shown). Taken together, these results indicate that
treatment of melanoma cells with distinct proapoptotic agents leads to
modulation of several genesinvolved in the extrinsic and the intrinsic
pathways of cell death. However, APAF-1 gene and protein even
when expressed seem resistant to modulation by distinct proapoptotic
drugs.
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APAF-1 Expression |s Dispensable for Caspase Activation in
Response to Anticancer Drugs. Caspase-9 activated by the cyto-
chrome c/apoptosome pathway has been initially considered a major
initiator caspase for the execution of apoptosis triggered by the
intrinsic pathway (13). However, the evidence that caspase-2 activa
tion may precede mitochondrial permeabilization (16) has challenged
this model. Moreover, caspase-9 activation in response to TNFR
cross-linking may occur in an APAF-1-independent fashion through
the action of caspase-8 (29). Thus, we hypothesized that APAF-1 in
melanoma cells may not necessarily represent a main determinant of
caspase-9 activation in response to different proapoptotic drugs. To
evaluate this possibility, activation of enzymatic activity of four
caspases by seven different proapoptotic agents including five che-
motherapeutic drugs was compared in an APAF-1- and in an
APAF-1* melanoma, both bearing wt p53. As shown in Fig. 4, all
drugs, but not serum deprivation, determined marked enzymatic ac-
tivation of the four caspases in both cell lines (P < 0.001 for all
comparisons of treated versus untreated cells). Activated caspases in
both the APAF-1* and APAF-1~ cell lines included not only the
initiator caspases 8 and 2 and the effector caspase-3 but even the
“initiator” caspase-9, the enzymatic activity of which should in prin-
ciplerequire APAF-1 expression (13). Matched comparison of the two
cell lines for the levels of caspase activity induced by each of the
proapoptotic agents reveal ed that only celecoxib could induce a higher
enzymatic activity for all four caspases in the APAF-1" cell line
compared with the APAF-1" line. Interestingly, camptothecin and
etoposide induced higher caspase activity for most caspases in the
APAF-1" line (Fig. 4). Analysis of the kinetics of caspase-2, -3, -8,
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Fig. 5. Kinetics of caspase activation in APAF-1" and APAF-1~ melanoma cells by
different drugs. Two melanoma cell lines expressing or lacking APAF-1 but bearing a wt
p53 were treated for 5 to 18 hours with 50 pmol/L of the indicated drugs. Enzymatic
activity of caspase-2 (V), -3 (O), -8 (4), and -9 ((J) induced by each of the drugs was
assessed as described in the legend to Fig. 4. Data expressed as relative fluorescence units
(RFU) after subtracting values from control cultures without drugs. Caspase activities in
drug-treated cultures were always significantly higher (P < 0.001, at al time points by
ANOVA followed by Student-Newman-Keuls test) than in control cultures (—FCS, and
without drugs, as in Fig. 4).

and -9 activation by different drugs indicated no or very low activity
at 30 minutes to 3 hours with the exception of the response to
camptothecin (data not shown), whereas marked enzymatic activities
(compared with control cultures without drugs) were observed be-
tween 5 and 18 hours for all four caspases (Fig. 5). Interestingly, in
both APAF-1* and APAF-1~ cell lines, the effector caspase-3 was
activated earlier and/or at much higher levels than caspase-9 by all

drugs and at all time points (P < 0.001). Even the initiator caspase-2
was activated at higher levels than caspase-9 in most instances (Fig.
5). To evaluate the possible role of other capases in caspase-9 re-
sponse, we then evaluated the impact of different inhibitors on
caspase-9 enzymatic activity. Asshown in Fig. 6, caspase-2, -3, and-8
—specific inhibitors were highly effective in inhibiting the correspond-
ing caspase although they induced even a partial but marked reduction
in caspase-9 activity, promoted by celecoxib or etoposide in both
APAF-1" and APAF-1~ melanoma cell lines. Similar results in the
presence of caspase inhibitors were obtained even in the response of
APAF-1* and APAF-1- melanoma cells to camptothecin (data not
shown).

Taken together, these results suggest that in melanoma cells, ex-
pression of APAF-1 may be dispensable for activation of severa
caspases, including caspase-9, in response to distinct chemotherapeu-
tic drugs. Moreover, caspase-2, -3, and -8 may contribute to caspase-9
activation, independently from the APAF-1 phenotype of the tumor
cells.

Comparison of APAF-1* and APAF-1~ Tumors for Suscepti-
bility to Drug-Induced Apoptosis. A panel of APAF-1" and
APAF-1" melanomas was assessed for susceptibility to apoptosis (by
the annexin-V/PI assay) following culture with increasing doses (1—
100 wmol/L) of four cytotoxic drugs (cisplatin, etoposide, camptoth-
ecin, and celecoxib), the apoptosis induction mechanism of which is
thought to involve the mitochondrial pathway (15, 25-27, 30). In this
panel, all APAF-1" tumors expressed awt p53 gene aswell as 9 of 12
APAF-1* tumors (24). The three tumors with mutant p53 harbored
S127F, G187S, and Y 236H mutations, respectively (24). No signifi-
cant differences in the level of apoptosis were found between
APAF-1* and APAF-1" tumors in response to all doses of these four
drugs (see Figs. 7 and 8 for representative dot plots showing extent of
early and late apoptosis by all drugsin two tumors) with the exception
of an enhanced susceptibility to apoptosis in APAF-1" tumors, com-
pared with APAF-1~ melanomas, at the highest dose of etoposide
(Figs. 7 and 8). In addition, no significant differences were observed
between tumors harboring wt or mutant p53 (Fig. 7). Moreover, the
extent of apoptosis induced by each of the four drugs in the 12
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APAF-1* tumors showed no significant correlation with the level of
APAF-1 expression (percentage of positive cells) in such tumors (data
not shown). Taken together, these results suggest that the APAF-1
phenotype of melanoma cells may not represent an immediate pre-
dictor of the apoptotic response to severa anticancer drugs. On the
other hand, in some instances such as with etoposide, APAF-1 ex-
pression may be associated with increased apoptosis but only at very
high doses of the drug.

DISCUSSION

The results of this study indicated that APAF-1 expression is
subjected to inter-and intratumor heterogeneity in human melanoma
cell cultures and tissue sections. In neoplastic lesions, APAF-1 ex-
pression was weaker than in normal skin melanocytes, but complete
loss was not a predominant feature in either primary or metastatic
tumors. In agreement with these findings, recent results from Baldi et
al. (31), obtained by staining tissue sections with a polyclonal anti-
body to residues 871-1001 of APAF-1, indicated that APAF-1 was
retained in 60% of the tumors, although an increased loss of expres-
sion was found in association with tumor progression. At the func-
tional level, in response to several proapoptotic agents, we found that
APAF-1 gene and protein levels were not up-regulated, even when
APAF-1 was expressed. Moreover, caspase-activation, including
caspase-9 did not require expression of APAF-1, and the susceptibility
to apoptosis by distinct drugs was not significantly different in
APAF-1~ and APAF-1" tumors, with the exception of results ob-
tained in response to a very high dose of etoposide. Taken together,
these results suggest that the APAF-1 phenotype of human melanoma
cells may not represent an immediate predictor of susceptibility or
resistance to apoptosis elicited by several chemotherapeutic drugs.

The identification of APAF-1-positive and —negative tumors en-
abled us to evaluate the impact of several proapoptotic agents on
distinct cellular responses, including gene expression, caspase-activa
tion, and apoptosis. At the mRNA level in two p53 wt tumors,
different proapoptotic agents promoted marked changes in expression
levels of genes acting along the apoptotic pathway. In addition to
Bcl-2 family members and to inhibitors of apoptosis, several TNFR
family and adaptor/transducer molecules were modulated in one or
both cell lines by at least one of the three proapoptotic agents.

Although expression of other relevant proapoptotic transcriptional
targets of p53, such as PUMA and NOXA (5), was not investigated in
drug-treated melanoma cells, nevertheless several other p53-regulated
genes, such as survivin and c-Flip (32, 33) were affected by drug
treatment, indicating that the p53 pathway was not defective in these
cell lines. However, APAF-1 was neither induced (in a negative line)
nor up-regulated (in a positive line). The lack of APAF-1 gene
modulation, after drug treatment, in the APAF-1-negative melanoma
is consistent with the mechanism of gene inactivation described in this
tumor (7). On the other hand, the lack of APAF-1 gene up-regulation,
inthe APAF-1" tumor, isin contrast with results obtained in other cell
types and suggests that a cell context-dependent effect may dictate
whether APAF-1 gene expression may be responsive or not to pro-
apoptotic agents. In fact, APAF-1, a known transcriptiona target of
p53 and E2F1 (8-9, 28, 34), has been shown to be modulated in
lymphoblastoid cell lines, in response to DNA damage induced by
ionizing radiation or doxorubicin (8), in neurons in response to camp-
tothecin (9), and in a murine myeloid leukemic cell line expressing a
temperature sensitive mutant p53 (34). At the protein level, we ob-
served that APAF-1 could be down-modulated (in the APAF-1*
tumor) after exposure to camptothecin. Such effect is consistent with
results showing that APAF-1 protein can be degraded by caspases-3
and -7 in different cell types including melanoma cells during apo-
ptosis promoted by staurosporine or cisplatin (30, 35).

Evauation of caspase activation in APAF-1* and APAF-1" tumors
indicated that seven different drugs and proapoptotic agents could
activate caspase-9 independently from the presence of APAF-1 pro-
tein in the neoplastic cells. Moreover, al drugs investigated promoted
activation not only of the effector caspase-3, but even of caspase-2
and -8, and experiments with caspase inhibitors indicated a contribu-
tion of caspase-2, -3 and -8 to caspase-9 activation. These data suggest
that the apoptotic pathways acting upstream of APAF-1, including the
mithocondrial-dependent release of mitochondrial proteins (such as
Smac/DIABLO and OMI/HtrA2) that are required to release
caspase-3- and -9 from IAP inhibition (36), may not be defective in
these melanoma cells. In addition, these findings are consistent with
the models indicating the role of caspase-2 as an apical caspase in
drug-induced apoptosis (16) and with the results suggesting the in-
volvement of the death-receptor pathway, through caspase-8 in the
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Fig. 8. Drug-induced apoptosis in APAF-1" or APAF-1~ melanomas. Extent of early (annexin-V*/PI~, lower right panel) or late (annexin-V */PI ", upper right panel) apoptosis
induced by the indicated drugs in two representative melanoma cell lines, from the same panel shown in Fig. 7. Both tumors bear a wt p53 but express APAF-1 or lack it. Cells were
treated as indicated in the legend to Fig. 7. Apoptosis was then evaluated by flow cytometry after staining with annexin-V and Pl. Numbers in the dot plots indicate the percentage
of cells showing early (annexin-V /Pl ™) or late (annexin-V */PI ") apoptosis. In control cultures, in the absence of drugs, the percentage of cellsin early or late apoptosis was 5 to

10% in both cell lines.

apoptosis promoted by different anticancer drugs (37, 38). The latter
mechanism is even in agreement with the finding that several genes of
the TNFR family and TNFR adaptor/transducer molecules were up-
regulated in melanoma cells after drug treatment. In addition, signif-
icantly higher levels of caspase enzymatic activity in the APAF-17
tumor compared with the APAF-1~ melanoma were observed only
after treatment with celecoxib. Interestingly, apoptosis induced by
celecoxib is mediated by inhibition of PDK1, which in turn prevents
activation of the Akt pathway (27, 39) and has been shown to require
APAF-1 and caspase-9 activity (26). Thus, the enhanced caspase-9
activation that is found in the APAF-1" melanoma after celecoxib
treatment is consistent with the role of APAF-1 expression as an
amplifier of celecoxib activity. At the same time, the results of
caspase activation with al other drugs argue against a necessary role
of APAF-1 expression for caspase-9 activation in human melanoma
cells in response to distinct proapoptotic drugs, and such results are
in agreement with those of apoptosome-independent pathways in
which apoptosis resulted in response to cellular stress or cytotoxic
drugs. For example, in murine leukemia cells lacking APAF-1, apo-
ptosis in response to staurosporine could take place in a caspase-9-
independent fashion (18). In myoblasts but not in fibroblasts from
APAF-1~'~ embryos, treatmentwithcytotoxi cdrugsinducedcaspase-9—
dependent but APAF-1-independent apoptosis (40). Similarly, in apo-
ptosis triggered by Sendai virus infection, caspase-9 activation takes
place independently from cytochrome c¢ release from mitochondria
and from presence of APAF-1 (41). On the other hand, in ovarian
cancer cells, the inability to undergo cisplatin-induced caspase-9
activation has been correlated to APAF-1 deficiency (42). In light of
these results in different cell types, it seems that the relevance of
APAF-1 expression for caspase-9 activation may be cell context-
dependent. Thus, our results are consistent with the hypothesis that in
human melanoma cells, APAF-1 expression is dispensable for caspase
activation and that, in particular, caspase-9 activation can be uncou-
pled from APAF-1 expression in such neoplastic cells.

Finally, evaluation of apoptosis by four different cytotoxic drugs
indicated that APAF-1 expression in human melanoma cells, irrespec-
tive of p53 status, was not associated with response with the exception

of a significantly enhanced susceptibility of APAF-1" tumors to the
highest dose of etoposide. The known mechanism of action of etopo-
sideinvolves the mitochondrial/APAF-1 pathway, but the relevance of
this pathway is cell context-dependent, as exemplified by the model
proposed by Fulda et al. (37). In this model, depending on the cell
type, cytotoxicity induced by anticancer drugs may be triggered by
both the death receptors (through CD95 and caspase-8) or by the
mitochondrial pathway (through APAF-1/caspase-9) rather than being
regulated mostly by the mitochondrial pathway alone. For example, in
glioma cells, overexpression of APAF-1 has been found to increase
etoposide-induced apoptosis, and cotransduction of APAF-1 and
caspase-9 could further augment susceptibility to this drug (43). On
the other hand, in lymphoma cells, a role of caspase-8, the apical
caspase in death-receptor-induced apoptosis, has been described in
response to etoposide (44), although as an amplifying executioner
caspase (45). Moreover, the role of the mitochondrial/APAF-1 path-
way, as an amplifier rather than an initiator of drug-induced apoptosis,
has been reinforced by the recent results on the existence of a
Bcl-2—dependent pathway of apoptosis that is APAF-1 and caspase-9
independent (17). Taken together, our results question the role of the
APAF-1 pathway as an obligate initiator of apoptosis induced by
severa different anticancer agents and suggest that APAF-1 expres-
sion may play an amplifier role in the apoptotic response of human
melanoma cells to some cytotoxic drugs.

ACKNOWLEDGMENTS

We wish to thank Gabriella Nicolini for excellent technical help and Dr.
Roberta Mortarini for critically reading the report.

REFERENCES

1. Nathan FE, Mastrangelo MJ. Systemic therapy in melanoma. Semin Surg Oncol
1998;14:319-27.

Soengas MS, Lowe SW. Apoptosis and melanoma chemoresi stance. Oncogene 2003;
22:3138-51.

Hanahan D, Weinberg RA. The hallmarks of cancer. Cell 2000;100:57-70.

Hengartner MO. The biochemistry of apoptosis. Nature (Lond) 2000;407:770—6.

2.

3.
4.

7393



10.

11

12.

13.

14.

15.

16.

17.

18.

10.

20.

21.

22.

23.

24.

25,

APAF-1 IS DISPENSABLE FOR MELANOMA APOPTOSIS

. Hussein MR, Haemel AK, Wood GS. Apoptosis and melanoma: molecular mecha-

nisms. J Pathol 2003;1299:275-88.

. Medema JP, De Jong J, Peltenburg LT, et a. Blockade of the granzyme B/perforin

pathway through overexpression of the serine protease inhibitor PI-9/SPI-6 consti-
tutes a mechanism for immune escape by tumors. Proc Natl Acad Sci USA 2001;98:
11515-20.

. Soengas MS, Capodieci P, Polsky D, et a. Inactivation of the apoptosis effector

APAF-1 in malignant melanoma. Nature (Lond) 2001;409:207-11.

. Robles Al, Bemmels NA, Foraker AB, Harris CC. APAF-1 is atranscriptional target

of p53 in DNA damage-induced apoptosis. Cancer Res 2001;61:6660—4.

. Fortin A, Cregan SP, MacLaurin JG, et al. APAF-1 is akey transcriptional target for

p53 in the regulation of neuronal cell death. J Cell Biol 2001;155:207-16.
YoshidaH. Therole of APAF-1 in programmed cell death: from worm to tumor. Cell
Struct Funct 2003;28:3-9.

Li P, Nijhawan D, Budihardjo I, et a. Cytochrome c and dA TP-dependent formation
of Apaf-1/caspase-9 complex initiates an apoptotic protease cascade. Cell 1997;91:
479-89.

Cain K, Bratton SB, Cohen GM. The APAF-1 apoptosome: alarge caspase-activating
complex. Biochimie 2002;84:203-14.

Zou H, Li Y, Liu X, Wang X. An APAF-1-cytochrome ¢ multimeric complex is
a functional apoptosome that activates procaspase-9. J Biol Chem 1999;274:
11549-56.

Yoshida H, Kong YY, Yoshida R, et a. APAF-1 is required for mitochondrial
pathways of apoptosis and brain development. Cell 1998;94:739-50.

Soengas MS, Alarcon RM, YoshidaH, et al. APAF-1 and caspase-9 in p53-dependent
apoptosis and tumor inhibition. Science (Wash DC) 1999;284:156-9.

Lassus P, Opitz-Araya X, Lazebnik Y. Requirement for caspase-2 in stress-induced
apoptosis before mitochondrial permeabilization. Science (Wash DC) 2002;297:
1352-4.

Marsden VS, O’ Connor L, O'Reilly LA, et a. Apoptosisinitiated by Bcl-2-regulated
caspase activation independently of the cytochrome c/APAF-1/caspase-9 apopto-
some. Nature (Lond) 2002;419:634—7.

Belmokhtar CA, Hillion J, Dudognon C, et a. Apoptosome-independent pathway for
apoptosis. Biochemical analysis of APAF-1 defects and biological outcomes. J Biol
Chem 2003;278:29571-8.

Anichini A, Mortarini R, Maccalli C, et al. Cytotoxic T cells directed to tumor
antigens not expressed on norma melanocytes dominate HLA-A2.1-restricted im-
mune repertoire to melanoma. J Immunol 1996;156:208-17.

Anichini A, Mazzocchi A, Fossati G, Parmiani G. Cytotoxic T lymphocyte clones
from peripheral blood and from tumor site detect intratumor heterogeneity of mela-
noma cells. Analysis of specificity and mechanisms of interaction. J Immunol
1989;142:3692—701.

Salvucci O, Carsana M, Bersani |, Tragni G, Anichini A. Antiapoptotic role of
endogenous nitric oxide in human melanoma cells. Cancer Res 2001;61:318—-26.
Benedict MA, Hu Y, Inohara N, Nifiez G. Expression and functional anaysis of
APAF-1 isoforms. J Biol Chem 2000;275:8461—8.

Maccalli C, Pisarra P, Vegetti C, Sensi M, Parmiani G, Anichini A. Differential loss
of T cell signaling molecules in metastatic melanoma patients' T lymphocyte subsets
expressing distinct TCR variable regions. J Immunol 1999;163:6912-23.

Daniotti M, Oggionni M, Ranzani T, et a. BRAF Alterations are associated with
complex mutational profiles in malignant melanoma. Oncogene 2004;23:5968—77.
Kaufmann SH. Cell death induced by topoisomerase-targeted drugs: more questions
than answers. Biochim Biophys Acta 1998;1400:195-211.

26

27.

28.

29.

30.

3L

32.

33.

35.

36.

37.

38.

39.

41.

42.

45,

7394

. Jendrossek V, Handrick R, Belka C. Celecoxib activates a novel mitochondrial

apoptosis signaling pathway. FASEB J 2003;17:1547-9.

Arico S, Pattingre S, Bauvy C, et a. Celecoxib induces apoptosis by inhibiting

3-phosphoinositide-dependent protein kinase-1 activity in the human colon cancer

HT-29 cell line. J Biol Chem 2002;277:27613-21.

Moroni MC, Hickman ES, Lazzerini Denchi E, et a. APAF-1 is a transcriptional

target for E2F and p53. Nat Cell Biol 2001;3:552-8.

McDonnel MA, Wang D, Khan SM, Vander Heiden MG, Kelekar A. Caspase-9 is

activated in a cytochrome c-independent manner early during TNF-alpha-induced

apoptosis in murine cells. Cell Death Differ 2003;10:1005-15.

Del Bello B, Valentini MA, Mangiavecchi P, Comporti M, Maellaro E. Role of

caspases-3 and -7 in APAF-1 proteolytic cleavage and degradation events during

cisplatin-induced apoptosis in melanoma cells. Exp Cell Res 2004;293:302-10.

Baldi A, Santini D, Russo P, et al. Analysis of APAF-1 expression in human

cutaneous melanoma progression. Exp Dermatol 2004;13:93-7.

Hoffman WH, Biade S, Zilfou JT, Chen J, Murphy M. Transcriptional repression

of the anti-apoptotic survivin gene by wild type p53. J Biol Chem 2002;277:

3247-57.

Bartke T, Siegmund D, Peters N, et a. p53 upregulates cFLIP, inhibits transcription

of NF-kB-regulated genes and induces caspase-8-independent cell death in DLD-1

cells. Oncogene 2001;20:571-80.

. Kannan K, Kaminski N, Rechavi G, Jakob-Hirsch J, Amariglio N, Givol D. DNA

microarray anaysis of genes involved in p53 mediated apoptosis: activation of.

APAF-1. Oncogene 2001;20:3449-55.

Laubert K, Appel HAE, Schlosser SF, Gregor M, Schulze-Osthoff K, Wesselborg S.

The adapter protein apoptotic protease-activating factor-1 (APAF-1) is proteolytically

processed during apoptosis. J Biol Chem 2001;276:29772—-81.

van Gurp M, Festjens N, van Loo G, Saelens X, Vandenabeele P. Mitochondrial

intermembrane proteins in cell death. Biochem Biophys Res Commun 2003;304:

487-97.

Fulda S, Meyer E, Friesen C, Susin SA, Kroemer G, Debatin KM. Cell type specific

involvement of death receptor and mitochondria pathways in drug-induced apoptosis.

Oncogene 2001;20:1063-75.

Friesen C, Fulda S, Debatin KM. Cytotoxic drugs and the CD95 pathway. Leukemia

1999;13:1854-8.

Lin MT, Lee RC, Yang PC, Ho FM, Kuo ML. Cyclooxigenase-2 inducing Mcl-1-

dependent survival mechanism in human lung adenocarcinoma CL 1.0 cells. Involve-

ment of phosphatidylinositol 3-kinase/Akt pathway. J Biol Chem 2001;276:

48997-9002.

. Ho AT, Li QH, Hakem R, Mak TW, Zacksenhaus E. Coupling of caspase-9 to

APAF-1 in response to loss of pRb or cytotoxic drugs is cell-type-specific. EMBO J

2004;23:460—72.

Bitzer M, Armeanu S, Prinz F, et a. Caspase-8 and APAF-1- independent caspase-9

activation in Sendai virus-infected cells. J Biol Chem 2002;277:29817-24.

Liu JR, Opipari AW, Tan L, et a. Dysfunctional apoptosome activation in ovarian

cancer: implications for chemoresistance. Cancer Res 2002;62:924-31.

. ShinouraN, Sakurai S, Asai A, Kirino T, Hamada H. Co-transduction of APAF-1 and
caspase-9 augments etoposide-induced apoptosis in U-373MG glioma cells. Jon J
Cancer Res 2001;92:467—74.

. Martinsson P, Liminga G, Nygren P, Larsson R. Characteristics of etoposide-induced

apoptotic cell death in the U-937 human lymphoma cell lines. Anticancer Drugs

2001;12:699—-705.

Engels IH, Stepczynska A, Stroh C, et al. Caspase-8/FLICE functions as an execu-

tioner caspase in anticancer drug-induced apoptosis. Oncogene 2000;19:4563-73.



