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Abstract An altered apoptotic response represents a pivotal feature of cancer and is involved in cancerogenesis
and resistance to chemotherapy. So far, however, only a few studies have been devoted to survey
caspase content in malignant cell lines and primary tumor specimens. In this report, we investigated
the expression of two pivotal caspases, 3 and 8, in 63 neuroblastoma specimens by three complemen-
tary techniques (i.e., reverse transcriptase polymerase chain reaction, immunoblotting, and immuno-
histochemistry). We confirmed the frequent absence of caspase 8 expression. Moreover and most
important, we demonstrated, for the first time to our knowledge, that a significant percentage of
neuroblastomas lack caspase 3 mRNA and protein. Both caspase alterations do not show any
correlation with tumor stage and MYCN status. Immunohistochemistry showed a large number
of caspase-negative cell islets also present in positive samples. Our findings suggest that the absence of
caspases might play an important role in neuroblastoma development and resistance to apoptosis-
based treatments. © 2003 Elsevier Inc. All rights reserved.

1. Introduction example, Fas/Fas ligand interaction). The other relies on the
increase of mitochondrial membrane permeability, which
causes the release of cytochrome c (and other proteins) from
the mitochondrial intermembrane space. Both of these exe-
cutioner pathways cause the proteolytic activation of cas-
pase 3 (and/or its homologues, caspases 6 and 7), followed by
the final cascade with the cleavage of multiple downstream
caspase substrates [4]. In this scenario, a key role is also
played by p53 protein, which modulates the apoptotic re-
sponse induced by DNA damage, growth factor deprivation,
and hypoxia [5]. Moreover, p5S3-mediated apoptosis has
been identified as a central mechanism by which many anti-
tumor treatments kill cancer cells [6].

Abnormal apoptosis is a hallmark of human cancers, and
there is strong evidence that the sensitivity of various tumor
types to current therapies critically depends on the expres-
sion of apoptosis regulatory proteins. Inactivation of the p53
gene, down-regulation of the Fas-dependent pathway [7,8],
and overexpression of antiapoptotic proteins (like Bcl-2)
_— ) ) ) ) ) have all been largely demonstrated in drug-resistant tumors
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The antitumoral activity of most chemo- and immunother-
apeutic agents depends on the activation of programmed
cell death in susceptible cancers [1,2]. Apoptotic death is
morphologically characterized by a series of figures in-
cluding phosphatidylserine exposure, cell shrinkage, and
condensation and fragmentation of chromatin [3], which
distinguishes this process from cell necrosis.

The programmed cell death is activated at the molecular
level, when cells receive death-inducing stimuli via the
following: 1) engagement of specific membrane receptors
(Fas/APO-1/CD95 receptor); 2) shortage of obligatory
growth factors, and 3) physical or chemical damages. Differ-
ent initiation events result in the activation of at least two
nonexclusive distinct “executioner” pathways. One is related
to the activation of caspase 8 (FLICE/Mech-1/Mch-5), which
follows the engagement of the so-called death receptors (for
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recently investigated the content of different caspases (cas-
pases 1, 3,4, 6, 8, and 10) in a panel of cell lines established
from different neoplasias, including breast cancers, neuro-
blastomas, pancreatic carcinomas, acute leukemias, o0s-
teosarcomas, and rhabdomyosarcomas (Della Ragione
et al., unpublished observations, 2001). We found that only
neuroblastoma-derived cell lines show a frequent defi-
ciency of different caspases. Therefore, to evaluate the mean-
ing of the findings obtained on cell lines, we moved to
analyze the content of caspases 3 and 8 (at the RNA and
protein levels) in a large number of human neuroblastoma
specimens. For the first time to our knowledge, the data ob-
tained demonstrate the deficiency of caspase 3 in a significant
percentage of cases. Moreover, we confirmed the lack of
caspase 8 and ruled out any linkage of the deficient status
with MYCN amplification and specific tumor stage. Our
findings suggest that neuroblastoma development and resis-
tance to treatment might depend on the absence of these
pivotal enzymes, at least in part.

2. Materials and methods
2.1. Tumor samples

Sixty-three primary neuroblastomas from the Italian
Tissue Bank (Centro di Biotecnologie Avanzate, Istituto
dei Tumori, Genova, Italy) were selected to represent the
distribution of stages found in neuroblastoma. Patients
were staged according to the revised International Stage
System of Neuroblastoma [18]. After resection, all the
tumors were frozen immediately in liquid nitrogen and stored
at —80°C until analysis. Diagnosis was established by histo-
logical examination of tumor tissue obtained at surgery.
To assure that tumor samples used for molecular analyses
contained a sufficient proportion of malignant cells, only
samples that had been clearly demonstrated to contain more
than 95% tumor cells were used in the present study. This
ruled out the possibility that the obtained results were due
to normal cells present in the analyzed specimens. MYCN
status was determined as described [19].

2.2. Antibodies and reagents

Monoclonal antibodies against caspase 3 were from
Transduction Laboratories (Lexington, UK). Rabbit poly-
clonal antibodies against caspase 8 were from Upstate Bio-
technology (Lake Placid, NY). All other reagents for
immunoblotting were described in detail elsewhere [20-22].

2.3. Reverse transcriptase polymerase chain reaction
(RT-PCR)

RT-PCR analysis was performed using the StrataScript
RT-PCR Kit (Stratagene, La Jolla, CA). Briefly, 2.5 ug of
total RNA, prepared as reported [23], was reverse-tran-
scribed by StrataScript RNAase H™ RT (25 units) using

oligo(dT) primer (150 ng) in a final volume of 25 uL. cDNA
samples were diluted 10-fold in a PCR reaction assay to a
volume of 50 pL containing, in addition to the DNA tem-
plate, 30 mmol/L Tris-HCI (pH 9.0), 50 mmol/L. KCl, 1.5
mmol/L. MgCl,, 200 ng of each primer, 0.2 mmol/L of each
nucleotide, and 1 unit of Taqg DNA polymerase. Primers
and temperature conditions for glyceraldheyde 3-phosphate
dehydrogenase (GAPDH) were reported previously [24].

Primers used for caspase 3 amplification were as follows:
5’-GGATTATCCTGAGATGGGTTTATG-3’ and 5’-ATAAT
GAAAAGTT-TGGG-3" (amplified fragment of 363 base
pairs [bp]). Temperature conditions for caspase 3 were as
follows: hot start at 95°C for 5 minutes, 30 cycles composed
of steps at 95°C for 1 minute, 58°C for 1 minute, 72°C for
1 minute, and a final elongation step at 72°C for 7 minute.
The relative amount of caspase 3 PCR product was estimated
by means of coamplification with the GAPDH reporter gene.

Primers used for caspase 8 were the following: 5’- CAC-
TAGAAAGGAGGAGATGGAAAG-3’ and 5’-CTATCCTG
TTCTCT-TGGAGAGTCC-3". These primers recognized
two amplified fragments of 411 and 366 bp corresponding to
ol and o2 transcripts, respectively. Temperature conditions
for caspase 8 were as follows: hot start at 95°C for 5
minutes, 30 cycles composed of steps at 95°C for 1 minute,
58°C for 1 minute, 72°C for 1 minute, and a final elongation
step at 72°C for 7 minutes. As with caspase 3, coamplifica-
tion with GAPDH cDNA was used to estimate the relative
amount of caspase 8 PCR products.

Before amplification with each specific primer pair, an
aliquot of the cDNA preparation was amplified using
GAPDH primers to determine the integrity of the generated
cDNA. Moreover, we used five different cDNA concentra-
tions to assure that signals (of GAPDH and the analyzed
gene) were proportional to input mRNA. These controls are
important for comparison between samples because they
ensure that equivalent amounts of RNA are amplified. Fi-
nally, each experiment was performed at least in duplicate
and, in several cases, in triplicate.

Aliquots of PCR reactions were separated and analyzed
by electrophoresis on 2% (wt/vol) agarose gels or nondena-
turing 8% (wt/vol) polyacrylamide gels (acrylamide/bisacry-
lamide; 29:1). In the latter case, the amplified products were
stained using silver nitrate method [23,24]. In several cases,
the resultant RT-PCR products were recovered from the
gels and sequenced as reported [23,24]. In all cases, the
sequences of the amplified products corresponded to those
reported in the literature.

2.4. Western blotting

The preparation of cancer samples from neuroblastoma
specimens for immunoblotting was described previously
[20-22]. About 40-80 g of proteins were resolved by 15%
sodium dodecyl sulphate polyacrylamide gel electrophoresis
[20-22]. The proteins were transferred from the gel to a
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nitrocellulose membrane, and Western blotting was carried
out exactly as described previously [20-22].

2.5. Immunohistochemistry

The analyses were performed on histological slides from
formalin-fixed and paraffin-embedded tumor tissues. The de-
paraffinized sections were treated with 3% hydrogen perox-
ide for 15 minutes to quench the endogenous peroxidase
activity. Thereafter, the sections underwent microwave expo-
sure in 10 mmol/L of citrate buffer, pH 6, for 5-10 minutes
to retrieve antigenicity. Goat polyclonal antisera, raised
against the carboxyl terminus of human caspases 3 and 8
(Santa Cruz Biotechnology, Santa Cruz, CA), were used as
primary antibodies. The epitope mapped at the p20 subunit
of caspases 3 and 8. After an overnight incubation at 4°C with
the 1:50 diluted primary antibody, a biotinylated secondary
antigoat antibody was applied with 1:100 diluition for 30
minutes, followed by the avidin-biotin-peroxidase complex
(Vector Laboratories, Burlingame, CA). For immunostain-
ing, color was developed by 3-amino-9-ethylcarbazole and
the sections were lightly counterstained with hematoxylin
(DAKO, Copenhagen, Denmark) [24]. The percentage of
positive and negative cells was established as reported pre-
viously [24].
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3. Results and discussion

Recent reports and data from our laboratory indicate that
caspase 8 protein is absent in a high percentage of neuro-
blastoma cell lines [11,14; (Della Ragione et al., unpublished
observations, 2001). Thus, we decided to investigate the
level of either caspase 3 or 8 in primary neuroblastoma
specimens. Caspase 3 was selected because it represents the
point of convergence of multiple “executioner” apoptotic
pathways.

We studied a total of 63 different neuroblastoma speci-
mens, which were classified into five stages (1-4 and 4S)
on the basis of established clinical criteria [18]. Our investi-
gation particularly involved 9 tumors in stage 1, 10 in stage
2, 9 in stage 3, 30 in stage 4, and 5 in stage 4S. All
the specimens had been characterized previously for MYCN
gene amplification [19].

Each cancer sample was analyzed for the expression of
caspases 3 and 8 genes by means of reversed PCR methodol-
ogy, which allowed a semiquantitative estimation. Indeed,
we used conditions where the quantity of the amplification
product (estimated by laser scanning) was strictly propor-
tional to the input cDNA used. Amplification of glycerald-
heyde 3-phosphate dehydrogenase mRNA was used as the
internal standard for all specimens analyzed. Finally, in
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Fig. 1. Analysis of caspase 8 and caspase 3 mRNA in human neuroblastoma specimens by RT-PCR. Total RNA (2.5 ng) was reverse-transcribed as described
in Materials and methods. cDNA samples were then diluted in a PCR reaction mixture and amplified by specific primers. Aliquots of PCR reaction (5 pl)
were separated on a 2% (wt/vol) agarose gel. (A) Reports caspase 8a:1 and 802 analyses, while (B) shows caspase 3 amplification. GAPDH was coamplified
in all the samples. The numbers reported represent samples examined. MW, molecular weight standards.



Table 1
Expression of caspase 3 and caspase 8cl and 802 genes in human neuroblastomas of different stages

Caspase

Stage no. Sample no. MYCN* GAPDH 3 8ol 8a2 Follow-up®

1
655 1 + — - - Remission, 24 months
591 1 + — + + Remission, 37 months
823 1 + +++ — — Clinical remission
776 1 + +++ — — Clinical remission
772 1 + ++ - - Deceased
806 1 + + + +
859 1 + — + + Clinical remission
916 1 + ++ + +
778 1 + +++ ++ ++ Clinical remission

2
606 1 + — - - Remission, 33 months
652 1 + — + + Remission, 38 months
647 1 + ++ + + Remission; 35 months
634 1 + — + + Remission, 29 months
852 1 + ++ - - Clinical remission
851 1 + +++ ++ ++ Clinical remission
762 1 + — - - Clinical remission
764 1 + ++ + + Clinical remission
656 1 + ++ + +
626 1 + + - -

4s
586 1 + + + + Deceased, 53 months
809 1 + ++ ++ ++ Clinical remission
912 1 + ++ ++ ++ Relapsed
803 1 + ++ ++ ++ Deceased
887 1 + ++ + +

3
619 13 + + + + Deceased, 6 months
579 1 + +++ + + Remission, 33 months
592 12 + - - - Deceased, 10 months
572 1 + ++ + +
858 1 + ++ + + Relapsed
802 60 + - + + Deceased
799 1 + ++ + + Clinical remission
793 1 + ++ + + Relapsed
698 1 + ++ + +

4
687 20 + - — — Deceased, 4 months
640 1 + — - - Remission, 33 months
691 1 + ++ + + Deceased
651 7 + — — —
947 Ampl + +++ + + Clinical remission
718 1 + ++ + + Deceased
811 1 + +++ - - Relapsed
870 1 + ++ = - Relapsed
871 1 + +++ ++ ++ Relapsed
872 1 + +++ - - Clinical remission
876 1 + ++ ++ ++ Relapsed
882 1 + ++ ++ ++ Relapsed
701 1 + +++ + +
846 1 + ++ + + Relapsed
728 1 + +++ + + Relapsed
780 1 + - + + Relapsed
837 1 + +++ + + Clinical remission
834 1 + +++ - - Deceased
321 Ampl + +++ ++ ++ Clinical remission
292 Ampl + - — — Deceased
505 Ampl + +++ +++ +++ Deceased
350 Ampl + ++ ++ ++ Deceased
690 Ampl + ++ ++ ++ Deceased
664 Ampl + ++ ++ ++ Deceased
597 Ampl + ++ - - Clinical remission
753 Ampl + ++ + + Deceased
651 Ampl + ++ - - Deceased
644 Ampl + ++ ++ ++ Deceased
994 + +++ ++ ++

1034 + +++ ++ ++

three independent experiments.
* MYCN reports the number of copies of the gene or if the gene is amplified (Ampl) (19).
® Clinical remission refers to patients in remission >5 years, otherwise the number of months are reported.

The symbols —, +, ++, and +++ represent the relative amount of the PCR product estimated by laser scanner analysis. These results were a mean of
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Table 2
mRNA and protein levels of caspase 3 and 8 in human neuroblastomas of different stages
Caspase 3 Caspase 8
Stage no. Sample no. mRNA? Protein (% of positive cells)® mRNA? Protein (% of positive cells)®
4s
809 + >75 + >75
912 + >75 + >75
1
806 + >75 + >75
591 - <20 + >75
2
762 - Absent - Absent
3
592 - <20 - <20
572 + >75 + >75
4
834 + >75 - 20
651 - Absent - Absent
882 + >75 + >75

# Determined by RT-PCR.
® Determined by immunohistochemical methodologies.

more than 80% of the samples, the identity of the PCR
product was verified by recovering the amplified material
from the gel and by direct sequencing [23,24]. No mutations
were identified in all the sequenced samples (48 samples).

Fig. 1 reports examples of caspase 3 and 8 (ol and 02)—
positive and —negative specimens. Complete deficiency of
caspase 3 and 8 mRNA occurred in neuroblastomas of all
stages. Moreover, we were unable to observe any direct
correlation between the incidence of deficiency and follow-
up or MYCN gene amplification (Table 1). The reported
findings do not confirm the previous claim of association
among neuroblastoma aggressiveness, MYCN amplifica-
tion, and lack of caspase 8 expression [12]. We do not have
any explanation for this important discrepancy because both
studies have been conducted on a large number of samples.

Table 2 reports the results of an immunohistochemical
investigation performed on the available specimens of neuro-
blastoma (10 samples); these specimens were also studied for
mRNA caspase content (see Table 1). The data obtained,
which were reported as the percentage of positive cells,
confirm, at protein level, the results of RT-PCR studies. Fig. 2
shows examples of caspase 8 negative (Fig. 2A) and positive
(Fig. 2B) specimens. In all the positive samples, we detected
islets of deficient cells. Finally, we carried out immunoblot-
ting analyses on eight of the samples analyzed by immuno-
histochemistry (data not shown), and the results agreed with
the RT-PCR results. They also demonstrated that the staining
of immunohistochemical experiments corresponds solely to
caspase 3 and 8 proteins. In conclusion, the data obtained
indicate the occurrence of alterations at different steps of
the caspase cascade in neuroblastoma.

When our study was almost completed, similar findings
were reported by others [11,12]. The authors specifically
described the absence of caspase 8 expression in 13 of 18

neuroblastoma cell lines analyzed. Moreover, the observed
deficiency was explained by caspase 8 gene hypermethyla-
tion and was correlated with MYCN gene amplification [11].

Conversely, one of the aims of our investigations was to
evaluate whether the lack of caspase expression is a specific
feature of neuroblastoma, or if it occurs in other malignant
cell phenotypes. In preliminary studies, we demonstrated
that caspase deficiency is a phenomenon rarely observable
in malignant cell lines and that it is almost specific to neuro-
blastoma (Della Ragione et al., unpublished observations,

Fig. 2. Immunochemical analysis of caspase 8 protein in human neuro-
blastoma samples. Specimens of neuroblastomas showing deficiency of
caspase 8 protein (A, sample 651) or the presence of the protease (B,
sample 882). Details about the immunohistochemical staining technique
are reported in Materials and methods.
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2001). We subsequently examined the transcription of cas-
pases 3 and 8 in neuroblastoma specimens. We found that a
remarkable percentage of cancer of all stages does not express
the two genes (15%-45%), while no 4S neuroblastoma
was deficient in the expression of these genes. The data ob-
tained by RT-PCR were confirmed by immunohistochemical
analyses and immunoblotting experiments. In addition, im-
munohistochemistry indicates that positive samples include
aremarkable number of negative cell isles. Thus, the percent-
age of deficient samples might have been underestimated in
our experiments. Finally, we stress that this study is the first
investigation to our knowledge that demonstrates the ab-
sence of caspase 3 in primary cancer samples.

Abnormalities in caspase content suggest that the apop-
totic response is partially hampered in neuroblastoma; this
could be significant during the development of the cancer
and during the response to chemotherapy. Indeed, the use of
apoptosis-based treatments could select the caspase-negative
(and thus more resistant) cells.

This view is supported by a number of studies demonstra-
ting that cell lines lacking caspase 3 or 8 show defects in the
apoptotic process. MCF-7 cells, which have lost caspase 3
expression because of a 47-bp deletion within exon 3 of the
respective gene, present an abnormal response to cell death—
inducing agents, including tumor necrosis factor and stauro-
sporine [10]. This phenomenon was completely reverted by
the forced expression of the cysteine-protease by expression
vector transfection [10]. In addition, renal cell lines with
a very low caspase 3 protein content were almost resistant to
apoptosis because of the intracellular zinc chelator N,N,N'N’-
tetrakis(2-pyridylmethyl)ethylendiamine [25]. Similarly, loss
of caspase 8§ expression in neuroblastoma cell lines correlates
with resistance to apoptosis induced by the tumor-selective
ligand tumor necrosis factor—related, apoptosis-inducing
ligand (TRAIL) [14]. The re-expression of the cysteine
enzyme enhances the sensitivity to TRAIL [14]. Thereby,
the absence of one of the two caspases specifically modifies
the mechanism of apoptotic response.

From a mechanistic point of view, while caspase 3 defi-
ciency probably causes an impairment of the entire apoptotic
process, the cancer advantage related to caspase 8 absence is
less straightforward. It has been demonstrated very recently,
however, that caspase 8, not caspase 3, is involved in the
transcription-independent death process activated by p53
protein [26]. Thus, the absence of caspase 8 might confer two
distinct advantages to neuroblastoma cells: 1) it decreases
the antitumoral immunological response because of the
engagement of cell death receptors (by Fas ligand, tumor
necrosis factor, and TRAIL), and 2) it down-regulates p53-
mediated transcription-independent apoptosis. In this con-
text, it is also intriguing that neuroblastomas express a high
level of survivin gene [27]. Survivin is an anti-apoptotic
protein that inhibits caspase 3 and 7 activation and thus
protects neoplasias against anticancer treatment on the
basis of cell death mechanisms. Considering the data on

caspases 3 and 8 and those reported on survivin gene expres-
sion [27], it seems probable that neuroblastomas have devel-
oped a large variety of antiapoptotic strategies that may be
responsible for the resistance of this cancer to treatment.
In conclusion, this study demonstrates for the first time, to
our knowledge, the deficiency of caspase 3 in neuroblastoma
specimens. Moreover, we observe that the lack of caspase 8
is not correlated with negative prognostic features, including
MYCN gene amplification. Future investigations will
evaluate the importance of these current observations in
neuroblastoma development and in the planning of new
therapy based on the forced re-expression of caspase genes.
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