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Poor prognosis in nasopharyngeal carcinoma patients may result from resistance to the apoptosis-inducing
effect of radio- and/or chemotherapy. Apoptosis depends on proper activation of caspase 3, resulting in
cleavage of key proteins like PARP-1. To investigate whether disruption of the apoptosis pathway results in
therapy-resistant tumour cells, we investigated whether absence of caspase 3 activation in tumour biopsies of
nasopharyngeal carcinoma patients is related to poor clinical outcome. Moreover, we investigated whether
absence of caspase 3 activation is related to loss of procaspase 3 expression or expression of the apoptosis
regulators p53, bcl-2 and XIAP. We studied 36 Indonesian nasopharyngeal carcinoma patients without evidence
of distant metastases who were treated with curative intent by radiotherapy only. Activation of caspase 3 and
expression of the different markers were determined using specific antibodies. Levels of caspase 3 activation
were determined by quantifying positively staining tumour cells. Nasopharyngeal carcinoma-derived C15 and
C17 tumour cells were used as control. Absence of caspase 3 activation was strongly related to a poor clinical
response to radiotherapy and to a higher T and N stage, resulting in a particularly poor clinical outcome with
regard to progression-free (Po0.0001) and overall survival time (Po0.0001). Absence of caspase 3 activation
was significantly correlated to loss of expression of procaspase 3 (P¼ 0.04). In nasopharyngeal carcinoma
patients treated with curative intent, absence of active caspase 3-positive neoplastic cells predicts rapid fatal
outcome, and is associated with poor response to radiotherapy and high T and N stage at time of presentation.
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Nasopharyngeal carcinoma is relatively rare in
Caucasians, but occurs at high frequency in South-
ern China and South East Asia. In South East Asia
nasopharyngeal carcinoma is a major cause of
cancer deaths.1 Nasopharyngeal carcinoma is a
highly radiosensitive tumour, and by modern ima-
ging and radiation techniques, local control rates of
greater than 80% are obtained, even in patients with
high tumour volumes.2 Still distant failures remain
the major problem in patients with locoregional
bulky disease, which is the most common form at

presentation.3 At present, 5-year survival rates of
more than 50% are obtained, but prognosis depends
strongly on stage.3

Although nasopharyngeal carcinoma is a radio-
sensitive tumour, a large proportion of tumours
relapse with increasing resistance to radio- and or
chemotherapy. In vitro data indicate that the cell
death-inducing effect of radio- and chemotherapy
depends on activation of the apoptosis cascade also
in nasopharyngeal carcinoma cells.4–9 Thus, it is
conceivable that the tumours that fail to respond to
therapy have a defective apoptosis cascade. Apop-
tosis is a form of cellular suicide characterised by
distinct morphological recognisable phases. It can
be triggered by a variety of stimuli, including
cytotoxic T-lymphocyte-mediated killing through
either the CD95 or granzyme B/perforin-mediated
pathway, and also by ionising radiation and many
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cytostatic drugs.10 Upon induction of apoptosis, a
cascade of proteases called caspases (cystein-con-
taining aspartic acid-specific proteases) is acti-
vated.10 In vitro studies have elucidated two major
apoptosis pathways: (1) a stress-induced pathway
via activation of caspase 911–13 and (2) a death
receptor-mediated pathway via activation of caspase
8.14,15 Both pathways induce apoptosis via activa-
tion of caspase 3 and possibly other effector
caspases (6 and 7), which execute cell death through
degradation of vital proteins.10 Granzyme B can
directly activate caspase 3 or indirectly via activa-
tion of caspase 9 by truncating Bid.16–20

Thus, all pathways depend upon activation of
effector caspases, in particular caspase 3, for the
final execution of apoptosis. Therefore, it might be
expected that high levels of active caspase 3 reflect
proper functioning of one or both identified apop-
tosis pathways, resulting in relatively chemo-
therapy-sensitive neoplastic cells and a favourable
response to chemotherapy.

We tested this hypothesis by quantifying numbers
of active caspase 3-positive neoplastic cells on
paraffin-embedded tissue sections of diagnostic
biopsies of 36 nasopharyngeal carcinoma patients
taken prior to the start of radiotherapy and compar-
ing percentages of active caspase 3-positive neo-
plastic cells to clinical outcome. In addition, we
investigated whether low numbers of active caspase
3-positive cells were correlated with high expres-
sion levels of the apoptosis-inhibiting proteins bcl-2
and XIAP or with loss of procaspase 3 expression.
Furthermore, functional analysis of apoptosis sensi-
tivity was tested in nasopharyngeal carcinoma-
derived C15 and C17 tumour cells to investigate
whether aberrant expression of bcl-2, XIAP and/or
procaspase 3 correlates with resistance to chemo-
therapy and/or irradiation-induced apoptosis.

Materials and methods

Patient Selection

In all, 36 patients were selected from 202 patients,
diagnosed between 1995 and 1996 at the Department
of Pathology, Gadjah Mada University, School of
Medicine/Sardjito Academic Hospital, Yogyakarta,
Indonesia. For selection of patients, see Figure 1.
Only patients without evidence for distant meta-
stases at the time of diagnosis were included (as
determined by clinical and ear/nose/throat exam-
ination and by chest X-ray). In addition, only
patients were entered who were treated with
curative intent with radiotherapy only and with
adequate follow-up including clinical and ear/nose/
throat examination and nasopharynx cytology every
3 months. A computed tomography scan was not
routinely performed. Of the 202 patients, 87 patients
presented with advanced stage of disease and
distant metastasis, and 55 patients did not have
adequate follow-up and complete radiotherapy

according to the protocol, including all patients
with T4 carcinoma. A total of 13 patients did not
have pathologic tissue available for immunohisto-
chemical staining. Six patients were excluded
because they received additional treatment with
Cisplatin. Epstein-Barr virus-negative carcinomas
(N¼ 5) were excluded by EBER in situ hybridisation
using PNA probes (DakoCytomation, Glostrup, Den-
mark) to exclude possible cases of sinonasal un-
differentiated carcinoma. The medical records of the
remaining 36 patients were reviewed for all relevant
clinical data including, if necessary, correspondence
with patients/families or home visits. Tumour
staging was performed according to the Interna-
tional Union Against Cancer (UICC) system.21 All
patients received a radiation of 60–70 G, divided in
30–35 fractions: five fractions a week using Cobalt
60 radiotherapy equipment. Only nonkeratinising
carcinomas were included in our study. Cases were
classified according to the 1991 WHO Histological
Classification22 into differentiated nonkeratinising
carcinoma, N¼ 7, and undifferentiated carcinoma,
N¼ 29. The histological discrimination between
these two subtypes did not have any prognostic
value. The institutional review board of the VU
University Medical Centre approved the study.
Informed consent was provided according to the
Declaration of Helsinki.

Detection of Pro- and Active Caspase 3, Cleaved
PARP-1/p89, Bcl-2 and XIAP

In all, 4mm thick sections from the paraffin-
embedded biopsies were stained using a standard
three-step streptavidin–biotin-complex method,
with 3,30-diaminobenzidine. The following mono-
clonal antibodies were used: monoclonal rabbit-
antiactive caspase 3 (Pharmingen, San Diego,
USA23), polyclonal Rabbit anti-p89 (Promega Cor-

Figure 1 Flow-chart of selection of nasopharyngeal carcinoma
patients included in this study.
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poration, MD, USA) detecting the cleaved fragment
form of PARP-1,23–25 monoclonal antiprocaspase 3
(clone 19, Coulter, Hialeah, USA), Polyclonal anti-
procaspase 3 (CPP32, DakoCytomation, Glostrup,
Denmark), anti-Bcl-2 (DakoCytomation, Glostrup,
Denmark), anti-XIAP (MBL, Nagoya, Japan) and
p53 (DO-7, DakoCytomation, Glostrup, Denmark).
Since the DO-7 antibody detects both wild-type and
mutated p53, expression of its downstream effector
molecule p21 was determined as an indirect reflec-
tion of its functionality using anti-p21 (Oncogene
Science Inc., Cambridge, MA, USA). All antibodies
required antigen retrieval by microwave irradiation
for 10 min in a citrate buffer (10 mM/l, pH 6.0 at
700 W), after which sections were incubated for 1 h
at room temperature (most antibodies) or incubated
overnight (Bcl-2). For all antibodies, staining in-
tensity was enhanced using the catalysed reporter
deposition (CARD) method (DakoCytomation,
Glostrup, Denmark).

Phenotypical Analysis of Active Caspase 3-Positive
Cells

In four cases, double stainings were performed for
active caspase 3 and the keratin-specific antibody
AE1/3. Primary antibodies were incubated simulta-
neously, followed first by detection of active caspase
3 with a biotinylated polyclonal donkey-anti-rabbit
antibody and visualised with 3,30-diaminobenzidine
and second by detection of AE1/3 Dako) with an
alkaline phosphatase-conjugated rabbit-anti-mouse
antibody, visualised with new fuchsin/naphtol alka-
line phosphatase biphosphate. Negative controls
included simultaneously processed sections with
omission of the active caspase 3- and AE1/3-specific
antibodies, respectively.

Quantification of Neoplastic Cells Expressing
Apoptosis-Related Proteins

Percentages of active caspase 3-positive cells were
quantified using a microscopic grid and were
expressed as percentages of all tumour cells present.
To avoid counting of active caspase 3-positive
reactive lymphocytes, only unequivocally neoplas-
tic cells with large nuclei (more than three times the
size of a lymphocyte) were counted. Moreover, only
cells with nuclear staining were counted to avoid
counting macrophages with phagocytosed apoptotic
debris. Expression of procaspase 3, Bcl-2- and XIAP
was scored as either positive or negative.

Analysis of Clinical Data

For each patient, the following characteristics were
noted from the medical records: age, sex, clinical
TNM stage, therapy, response and occurrence of
relapses and cause of death. Complete follow-up

data of all patients until time of death or until 52
months after initial diagnosis, were available, when
patients were discharged from follow-up. Survival
time was measured from time of initial diagnosis
until death or end of follow-up. All deceased
patients had evidence of tumour recurrence at time
of death and were considered to have died as a
result of the tumour. Progression-free survival time
was measured from time of initial diagnosis until
time of disease relapse.

Statistical Methods

Survival curves were constructed with the Kaplan–
Meier method. Differences between the curves were
analysed using the Log-rank test. Multivariate
analysis was performed using the Cox-proportional
hazards model (enter and remove limits 0.1).26

Comparisons of means were performed using the
Mann–Whitney U test. Categorical variables were
analysed by Pearson w2 test or by Fisher’s exact test,
when appropriate. All P-values are based on two-
tailed statistical analysis. P-values below 0.05 were
considered as significant. All analyses were per-
formed using the SPSS statistical software (version
11.5 SPSS Inc., Chicago, USA).

Determination of the Functional Integrity of the
Caspase 9-Mediated Apoptosis Pathway

To validate the immunohistochemical results ob-
tained on nasopharyngeal carcinoma biopsies, we
tested the sensitivity of nasopharyngeal carcinoma-
derived cell lines C15 and C17 cells for stress-
induced apoptosis. For this, C15 and C17 cells were
incubated with 25–200 mM etoposide (VP16, Sigma,
USA) for 0, 1, 4, 24 and 48 h. Etoposide was used,
since it is a strong inducer of apoptosis in many
different model systems, primarily via activation of
the stress-induced, caspase 9-mediated pathway.27 It
is highly suitable for in vitro induction of apoptosis
since short incubation times suffice to induce
apoptosis, and it lacks autofluorescence and thus
does not interfere with fluorescent analysis.

Caspase 3-like effector caspase activity was deter-
mined using a fluorimetric homogeneous caspase
assay (Roche, Mannheimm, Germany), according to
the manufacturer’s instructions. Cells were lysed
and incubated with DEVD-rhodamine 110 substrate
for 1 h at 371C. Subsequently, the amount of free
rhodamine was determined fluorimetrically. The
developed fluorochrome was proportional to the
concentration of activated caspases and could be
quantified by a calibration curve of diluted free
rhodamine. Positive controls included peripheral
blood mononuclear cells and B-cell lines with
previously demonstrated sensitivity to etoposide-
induced apoptosis.

In addition, to test sensitivity of nasopharyngeal
carcinoma cells for irradiation-induced apoptosis,
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C15 tumours were propagated in nude mice28 and
irradiated in duplicate with a dosage of 0, 2.5, 5.0
and 10.0 Gy. The irradiation was delivered using an
RT 250 Philips (0.69 Gy/min) under a tension of
200 kV, 200 mA, with a 0.2 mm copper filter. At 24
and 48 h postradiation, tumours were removed and
snap-frozen in liquid nitrogen. Frozen sections were
cut and processed for active caspase 3 detection
or analysed for PARP-1/p89 cleavage as recently
described.23

Results

Clinical Characteristics

Patient characteristics are summarised according to
the percentage of active caspase 3-positive neoplas-
tic cells (Table 1). In comparison to studies describ-

ing clinical outcome in European,29 Chinese and
Hong Kong patients,30,31 overall survival time of our
group of patients was very poor with a median
survival time of only 26 months. Although, in
general, no well-documented data are available for
Indonesian patients, the relatively poor outcome in
our group of patients can be explained, in part, by
the fact that no intracavitary afterloading treatment
was performed for local persistence and that none of
the patients in our study group received salvage
treatment in case of tumour relapse.

Caspase 3 is Activated in Low Percentages of
Neoplastic Cells of Nasopharyngeal Carcinoma
Biopsies

In all of the 36 tested cases, active caspase 3-positive
infiltrating lymphocytes were detected, serving as
an internal positive control. In 26 cases also active
caspase 3-positive neoplastic cells were observed,
albeit in a very limited number of cells, with a
maximum of 3% of all tumour cells (see Figure 2a).
In some cases also granular cytoplasmic staining in
macrophages was observed, probably representing
phagocytosed apoptotic debris.

The percentage of active caspase 3-positive
tumour cells ranged from o1 to 3%, displaying a
mainly nuclear staining pattern usually in cells with
morphological features of apoptosis, that is, with
chromatin condensation and decrease or loss of
cytoplasm. Furthermore, similar to our previous
study in lymphomas,23 numbers of active caspase
3-positive tumour cells were similar to numbers
of PARP-1/p89-positive tumour cells, suggesting
proper functioning of active caspase 3 (Figure 2a).

Absence of caspase 3 activation was related to
expression of XIAP, loss of procaspase 3 expression
and expression of bcl-2. Expression of XIAP and bcl-
2 was detected in 14 and 26 of 36 tested cases,
respectively, as diffuse cytoplasmic staining in the
large majority of tumour cells (see Figure 2).
Expression of XIAP tended to be expressed more
frequently in active caspase 3-negative cases (see
Table 2). In contrast, bcl-2 was significantly more
frequently expressed in active caspase 3-positive
cases. A significant correlation between absence of
procaspase 3 expression and absence of caspase 3
activation was found; in four of 10 active caspase 3-
negative cases, no procaspase 3 was found, whereas
procaspase could easily be detected in 24 of 26

Table 1 Patient characteristics according to the presence of
active caspase 3-positive neoplastic cells

Active caspase 3-positive neoplastic cells P-value

Negative (N¼ 10) Positive (N¼26)

Age (mean) 53 43 0.04
Sex (M/F) 7/3 19/7 n.s.

T
1 0 7 0.01
2 1 10
3 9 9

N
0 0 4 0.008
1 0 11
2 7 10
3 3 1

Complete remission
Yes 2 25 o0.0001
No 8 1

Relapsea

Yes 2 18 n.s.
No 0 7

Death
Yes 10 19 n.s. (0.08)
No 0 7

a
Only nasopharyngeal carcinoma biopsies from patients who

achieved complete remission were analysed.
n.s.¼not significant.

Figure 2 Immunohistochemical detection of apoptosis regulating/executing proteins in biopsy specimens: (a) Active caspase 3 staining
displaying a mainly nuclear staining pattern usually in large neoplastic cells with morphological features of apoptosis, that is, with
chromatin condensation and decrease or loss of cytoplasm. Inset shows staining for the cleaved PARP-1/p89 fragment also in cells with
morphological features of apoptosis. (b) Pro-caspase 3-positive staining showing cytoplasmic staining using the polyclonal antibody
CPP32. (c) Pro-caspase 3-positive staining using the monoclonal antibody on the same biopsy as shown in (b). (d) Nasopharyngeal
carcinoma biopsy showing loss of procaspase 3 expression using both antibodies, with clear expression in tumour infiltrating small
lymphocytes (shown is the staining using the polyclonal antibody CPP32). (e) XIAP expression demonstrating the characteristic granular
cytoplasmic staining in positive cases and (f) absence of staining in a negative nasopharyngeal carcinoma, infiltrating reactive
lymphocytes serve as internal positive control (arrowheads). (g) Bcl-2 expression in a strong positive nasopharyngeal carcinoma and (h) a
negative case with positive tumour infiltrating lymphocytes, again infiltrating reactive lymphocytes served as internal positive controls.
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active caspase 3-positive cases (see Table 2). No
significant relation between caspase 3 activation
and either expression of p53 or p21 was observed.

Absence of Caspase 3 Activation in Neoplastic
Nasopharyngeal Carcinoma Cells is Related to Poor
Response to Therapy, Early Relapse and Rapid Fatal
Clinical Outcome

Using Cox regression analysis, the influence on
overall survival time of percentage of active caspase
3-positive tumour cells was estimated. Prognosis
was found to be more favourable in cases with
higher percentages of active caspase 3-positive
tumour cells (entered as continuous variable,
P¼ 0.001). When patients were subdivided into a
group with or without active caspase 3-positive
tumour cells, absence of active caspase 3-positive
tumour cells identified a group of patients with a
particular unfavourable prognosis (Log rank test;
Po0.0001, see Figure 3). Absence of caspase 3
activation was also strongly related to higher age,
higher T and N stage and failure to achieve complete
remission (see Table 1).

Disruption of Apoptosis Pathways in Nasopharyngeal
Carcinoma-Derived Tumour Cell Lines

To correlate our immunohistochemical results with
functional sensitivity to apoptosis, we investigated
expression levels of bcl-2, XIAP and procaspase 3 in

nasopharyngeal carcinoma-derived cell lines and
tested the sensitivity of these cell lines to etoposide
and irradiation therapy-induced apoptosis and
caspase 3 activation. Both tested nasopharyngeal
carcinoma-derived cell lines showed clear expres-
sion of both bcl-2 and XIAP. One of these cell lines
(C15) also demonstrated nearly complete loss of
procaspase 3 expression (see Figure 4). Using
etoposide we could not induce caspase 3 activation
in both tested nasopharyngeal carcinoma cell lines
even when very high concentrations and/or long
incubation periods were used. Cytospin prepara-
tions confirmed complete absence of cells with
apoptotic morphology following induction with
etoposide (data not shown).

Similarly, tissue sections prepared from C15
tumours grown in nude mice failed to show any
active caspase-3 expression or caspase-3-mediated
PARP-1 cleavage at 24 or 48 h following ‘in vivo’
irradiation with 2.5–10 Gy (data not shown).

Absence of Caspase 3 Activation is Related to the
Presence of High Percentages of Activated Cytotoxic
T Lymphocytes

We have previously demonstrated that high percen-
tages of granzyme B-positive tumour infiltrating
lymphocytes are also highly predictive of a rapid
fatal outcome in this same group of nasopharyngeal
carcinoma patients.32 As expected, a strong inverse
relationship between both variables was found. In

Table 2 Tumour characteristics according to the presence of
active caspase 3-positive neoplastic cells

Active caspase 3-positive
neoplastic cells

P-value

Negative (N¼ 10) Positive (N¼26)

Bcl-2
Negative 6 4 0.01
Positive 4 22

XIAP
Negative 4 18 n.s. (0.1)
Positive 6 8

Procaspase 3
Negative 4 2 0.04
Positive 6 24

P53
Negative 2 2 n.s.
Positive 8 24

P21
Negative 4 6 n.s.
Positive 6 20

Mean % granzyme
B+tumour infiltrating
lymphocytes (s.d.)

53 (18) 21 (14) o0.001

s.d.¼ standard deviation.

Figure 3 Overall survival analysis of nasopharyngeal carcinoma
patients according to the presence or absence of active caspase 3-
positive tumour cells. The observed difference was significant
(Log-Rank test, Po0.0001).
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cases without active caspase 3-positive tumour
cells, relatively very high levels of granzyme B-
positive tumour infiltrating lymphocytes were de-
tected as compared to active caspase 3-positive
cases (see Table 2).

Multivariate Analysis of Overall Survival Time

The Cox-proportional hazards model was used for
multivariate analysis. Variables included were the
presence or absence of active caspase 3-positive
cells, age (entered as continuous variable) and T and
N stage. The predictive value of active caspase
3-positive tumour cells was partly related to the T
stage but retained its prognostic power (P¼ 0.05). If
also included, the percentage of granzyme B-posi-
tive tumour infiltrating lymphocytes was the stron-
gest prognostic marker.

Discussion

We have shown that the complete absence of
caspase 3 activation in pretreatment biopsies of

nasopharyngeal carcinoma patients is strongly asso-
ciated with a very poor clinical outcome. Active
caspase 3-positive cells were usually morphologi-
cally recognisable as being (pre-) apoptotic, and
numbers of active caspase 3-positive tumour cells
were similar to numbers of cleaved PARP-1/p89-
positive tumour cells, suggesting proper functioning
of active caspase 3 and execution of apoptosis by
activated caspase 3.

The strong relation between absence of active
caspase 3-positive tumour cells and poor prognosis
supports our notion that an intact apoptosis
pathway is necessary for a favourable response to
radio- and/or chemotherapy.23 This is particularly
illustrated by the fact that the large majority of
patients with absence of active caspase 3-positive
tumour cells failed to achieve complete remission.
Moreover, a significant correlation was observed
with higher T and N stage consistent with a previous
study.33 Assuming that in these cases apoptosis is
disrupted, apoptosis-resistant tumour cells may
have better opportunities for survival in lymph
nodes than cells with a relatively intact apoptosis
cascade. A similar mechanism has been postulated
for malignant melanomas.34

We have previously demonstrated that high
numbers of granzyme B-positive tumour infiltrating
lymphocytes strongly predict rapid fatal outcome in
this same group of patients (see Oudejans et al32).
Apparently, these tumour infiltrating lymphocytes
fail to effectively kill the tumour cells. Several
immune escape mechanisms may be involved
in this immune failure including loss of MHC
class I expression and expression of the granzyme
B-inhibitor PI-9 by the tumour cells.32 Alternatively,
disruption of the apoptosis pathway would also
lead to complete resistance to cytotoxic T-lympho-
cyte-induced cell death. The strong relationship
between high numbers of granzyme B-positive
tumour infiltrating lymphocytes and absence of
caspase 3-positive tumour cells suggests that this
putative immune escape mechanism may be im-
portant in a significant part of nasopharyngeal
carcinoma cases. Thus, in nasopharyngeal carci-
noma cases with a strong cytotoxic T-lymphocyte-
mediated immune response, a selection might occur
for tumour cells that manage to escape from
activated cytotoxic T lymphocytes. If immune
escape of tumour cells is (also) achieved by disrup-
tion of the apoptosis pathway this will result in
crossresistance to radiotherapy (and chemotherapy)
induced apoptosis and thus in a poor clinical
outcome, as has been demonstrated previously in
in vitro models.35,36

In cases with a poor response to chemotherapy,
the low levels of active caspase 3 would be expected
to reflect disruption of the caspase 9 pathway since
this is the pathway primarily involved in radio-
therapy-induced apoptosis.37 This is consistent with
our finding that nasopharyngeal carcinoma-derived
cell lines did not show any caspase 3 activation and

Figure 4 Detection of apoptosis-regulating proteins in two
nasopharyngeal carcinoma-derived cell lines by Western blot
analysis: representative results of three independent experiments
are shown. The Jurkat T-cell line was used as positive control.
Actin expression levels demonstrate equal protein loading
concentrations for the three tested cell lines. Strong expression
of bcl-2 and XIAP was detected in C15 and C17. One of both
nasopharyngeal carcinoma lines (C15) demonstrated very low
levels of procaspase 3 expression as compared to C17 and Jurkat.
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apoptosis when induced by etoposide and irradia-
tion, which is also consistent with a recent report
demonstrating that also doxorubicin, taxol and
cis-platinum failed to induce apoptosis in naso-
pharyngeal carcinoma-derived cell lines.28

From the different tested apoptosis regulating
proteins, loss of procaspase 3 expression was
significantly correlated with absence of active
caspase 3 and also XIAP tended to be expressed
more frequently in active caspase 3-negative
cases. Bcl-2 expression was also frequently
expressed but in particular in active caspase
3-positive cases. Expression of p53 was frequently
detected in both active caspase 3-positive and
-negative cases. The mutational status of p53 cannot
be assessed using the DO-7 antibody, but the
concomitant detection of p21 in the majority of
p53-positive cases suggests that p53 is most likely
present in its wild-type form, consistent with
previous reports.38,39 Together these data suggest
that in nasopharyngeal carcinoma the caspase 9
pathway is activated via upregulation of p53 but is
disrupted downstream from caspase 9 activation by
expression of XIAP or by loss of procaspase 3
expression. Still many other apoptosis-regulating
proteins might also be involved in disruption of
the apoptosis pathway including other members
of the IAP40 and bcl-2 protein family (including
the Epstein–Barr virus encoded bcl-2 homologue
BHRF-1.41–43

If specific disruption of the caspase 9-mediated
pathway is indeed a major factor in radiotherapy
resistance, nasopharyngeal carcinoma patients
might benefit from specifically triggering the death
receptor-induced caspase 8-mediated pathway by
the TNF-related apoptosis-inducing ligand (TRAIL/
Apo2L). This approach has been shown to be
feasible in different model systems,44,45 and may be
feasible also in nasopharyngeal carcinoma since it
was recently reported that the caspase 8 pathway is
fundamentally intact in nasopharyngeal carcinoma
cells.46

We conclude that, in nasopharyngeal carcinoma
patients treated with curative intent, absence of
active caspase 3-positive neoplastic cells predicts
rapid fatal outcome, and is associated with poor
response to radiotherapy and high T and N stage at
time of presentation. These data support the notion
that in nasopharyngeal carcinoma the apoptosis
cascade is involved in the tumour cell-killing
effect of radio- and chemotherapy and in the
ability of tumour cells to survive in lymph nodes.
Our findings may be of relevance for the design of
novel therapeutic approaches in nasopharyngeal
carcinoma.
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