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COX-2 and Survivin Expression in Neuroblastomas Associated
with Tumor Growth and Behavior
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Angiogenesis and apoptosis are essential in the tumorigenesis and progression of various tumors.
Cyclooxygenase-2 (COX-2) and survivin are important factors in these events; however, their roles in
neuroblastomas are yet to be delineated. The aim of this study was to evaluate the expression of both
COX-2 and survivin in neuroblastomas along with their relationships with tumor angiogenesis, apoptosis,
and classical prognostic factors. hirty-nine various-stage neuroblastomas were evaluated for COX-2
expression, microvessel density (MVD), and survivin expression by immunohistochemical methods. The
apoptotic cells were visualized by terminal deoxynucleotidyl transferase (TdT)-mediated dUTP nick-end
labeling (TUNEL). Thirty-seven cases (94.9%) showed specific expression of COX-2 in the cytoplasm of
the tumor cells. COX-2 expression correlated with International Neuroblastoma Staining System (INSS)
stage (p=0.004), Shimada histology (p=0.006), and International Neuroblastoma Risk Group (INRG) risk
factors (p=0.003). COX-2 expression was positively correlated with MVD (p=0.029), but not with apoptotic
index (Al). Thirty-six cases (92.3%) showed positive survivin immunoreactivity, which was observed in the
nucleus, cytoplasm, or both of tumor cells. Survivin expression correlated with patient age (p=0.019), INSS
stage (p=0.001), and INRG risk factor (p<<0.001). There was a significant difference in Al between the
survivin-positive and the survivin-negative groups (p=0.018), and the Al was inversely correlated with
survivin. The expression of COX-2 was closely correlated with the expression of survivin. COX-2 and
survivin are overexpressed in neuroblastomas, which may play an important role by stimulating tumor
angiogenesis and anti-apoptosis in neuroblastomas.
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Introduction

Neuroblastoma (NB) is the most frequently occurring
solid tumor in children, with an incidence of 1~ 3 cases
per 100,000 children aged O~ 14 years. Prognosis in NB
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patients tends to vary greatly, and many studies have
demonstrated that both clinical and molecular biological
factors are correlated with outcome. Overall, the outcome
for most childhood cancers has improved dramatically
over the last 3~4 decades as a result of our ability to
diagnose and treat children with multimodal therapies,
however; survival for high-risk neuroblastoma remains
less than 50%, and new approaches are needed.'

Angiogenesis is a fundamental role in the neoplastic
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process and is essential for the local progression and
metastatic spread of solid and hematologic tumors. High
vascular index is associated with poor prognosis in
neuroblastoma patients and aggressive neuroblastoma
growth depends on active angiogenesis.” Folkman
proposed the concept of controlling the growth of
tumors by preventing their vascularization, and the
development of drugs that inhibit angiogenesis in
tumors including neuroblastoma has become an
important goal.’

Cycloxygenases (COXs) are the rate-limiting enzymes
involved in conversion of arachidonic acid to prosta-
glandins. Two isoforms of COX, COX-1 and COX-2,
have been identified." Increased amount of COX-2 are
found commonly in both premalignant and malignant
tissues of epithelial origin in adults and has been impli-
cated in resistance to apoptosis, promotion of cell pro-
liferation, increased tumor invasiveness, induction of
metastases and angiogenesis as well as decreased immune
surveillance.” A significant increase in COX-2 expression
is also observed in neuroblastoma and its cell lines.’
And various epidemiological studies have revealed that
the use of NSAIDs and a specific COX-2 inhibitor,’
induce apoptosis and inhibit both in vitro and in vivo
growth of human neuroblastoma, suggesting that this
pathway may be a good target for chemoprevention of
neuroblastoma. Although COX-2 contributes to neo-
vascularization and may support vasculature dependent
solid tumor growth,” the role of COX-2 alterations in
the modulation of angiogenesis and apoptosis in neuro-
blastoma is little known and needs to be elucidated.

Apoptosis is one of the hallmarks of malignant cell
transformation and tumor.® Proteolytic enzymes such as
caspases play an important role as effector molecules in
apoptosis including cytotoxic therapy-induced cell death.’
The family of endogenous caspase inhibitors called
“inhibitor of apoptosis proteins’ (IAPs) comprises proteins
such as XIAP, cIAP1, cIAP2, survivin, and livin."
Among them, survivin is to be associated with increased
of tumor angiogenesis and inhibit the apoptosis.'’ In

human neuroblastomas, survivin expression was correlated

with clinical outcome by inhibition of apoptosis, however,
the association between survivin expression and angio-
genesis in neuroblastoma has not been fully established.

Although COX-2 and survivin are involved in
tumorigenesis with increased angiogenesis and inhibition
of apoptosis,™” these events in neuroblastoma have
been not reported. The aim of this study was to
evaluate the expression of both COX-2 and survivin in
neuroblastoma along with their relationship with tumor

angiogenesis, apoptosis, and classical prognostic factors.

Materials and Methods

1. Clinical data of patients and biologic data of neuro-
blastoma samples

Patients with neuroblastoma evaluated at the
Department of Pediatrics, Chonnam University Medical
School, Gwangju, Korea, were diagnosed and staged
according to the International Neuroblastoma Staging
System (INSS). Thirty-nine paraffin-embedded samples
were obtained from untreated patients with neurobla-
stoma. Five childhood ganglioneuromas and two samples
of non-malignant adrenal medulla from children were
also included. The age at diagnosis ranged from 28 days
after birth to 433 months. Of the 39 cases, 28 patients
were diagnosed at older than 1 year, whereas the
remaining 11 were diagnosed at younger than 1 year.
Of the 39 samples, 16 were tumors from patients who
were stage I, II, or IVS, whereas 6 were stage III and
17 were stage IV. In neuroblastoma cases, twenty eight
patients are still alive, of whom 3 cases are still under
treatment, whereas 8 patients have died of the disease.
The follow-up period after treatment ranged from 1
month to 12 years in 26 patients. In 9 cases of 39
samples, the status of MYCN amplification was also
determined by the Southern blotting method. Regarding
the histologic findings, all 39 cases were classified based
on the Shimada classification. Twenty-four cases

showed a favorable histology, whereas the remaining 15

cases showed an unfavorable histology. Regarding
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International Neuroblastoma Risk Group (INRG), all 39
cases were classified by age, stage, the status of MYCN
amplification (Southern blot), if data was analyzed, and
Shimada classification. Eighteen showed a not high-risk
group, whereas the remaining 21 cases showed a

high-risk group.
2. Immunohistochemistry

We reviewed the hematoxylin and eosin stained
slides of the tumor specimens, and then selected tissue
blocks from an including edge of tumor area for the
formalin-fixed, paraffin-embedded samples of tumor
tissue. Immunohistochemical analysis included antibodies
for COX-2 (Cayman, MI, USA; dilution 1:100),
survivin (Santa Cruz, CA, USA; dilution 1:800), and
CD34 (Dako, Copenhagen, Denmark; dilution 1:50).
All immunohistochemistry was modified from previous
report.'t Briefly, representative paraffin blocks were
consecutively cut at 4 micron thickness and immu-
nohistochemical staining carried out using Sequenza
rack stainer (Shandon, London, UK). Sections were
deparaffinized in xylene, treated with 0.3% hydrogen
peroxide in methanol for 20 min to block endogeneous
peroxidase activity. For COX-2, sections were subjected
to the microwave heat in citrate-phosphate buffer (pH
6.0) twice, and then incubated with antibodies at 4°C
overnight. Antigen retrieval procedure was not applied
for survivin and CD34. For survivin and CD34, sections
were incubated with primary antibody for 30 min at
room temperature (RT). Anti-mouse immunoglobulin G
(Sigma, St. Louis, MO) labeled with biotin was used as
a secondary antibody for the detection of primary
antibodies and was incubated for 7 minutes at RT.

The streptavidin-horseradish peroxidase (Research
Genetics, USA) detection system was applied to
capillary channels, followed by 10 min of incubation at
45°C. After drainage, the tissue sections were ready for
chromogen reaction with 0.02% diaminobenzidine. The
sections were counterstained with hematoxylin and
mounted in Universal Mount (Research Genetics.

USA). Negative controls were treated similarly with the

exception of primary antibodies.
3. Evaluation of COX-2 and survivin expression

All immunostained slides were evaluated without any
clinical data and repeated two times each. Evaluators
were blinded to background information. For COX-2
assessment, reactions in smooth muscles and vascular
endothelial cells, which were present in all specimens,
were used as internal built-in positive controls. Protein
expression of COX-2 and survivin was assessed
semiquantitatively by Friedrich et al.” COX-2 and
survivin immunoreactivity was determined by summation
of the values of the percentage of survivin-positive cells
0: <1%, 1: 1~25%, 2: 26 ~50%, 3: 51~75%, 4: >
75%) and the values for survivin staining intensity (SI:
0: no staining, 1: weak staining, 2: moderate staining,
3: strong staining). Tumors having a final staining score
of >2 were considered as positive, and >4 were

considered as high COX-2 expression.
4. Assessments of microvessel density (MVD)

MVD was assessed according to the international
consensus report.’® Immunostained slides were scanned
at 100X magnification to identify the areas with the
highest number of vessels (so called "hot spot"). Each
image was captured by JVC Digital Camera system (JVC
Digital Camera KY-F70B, JVC Corporation, Tokyo,
Japan) attached on the Nikon microscope (Nikon E600,
Tokyo, Japan) at 200x magnification. Each 200x
magnification area was 0.48 mm’. Counts were performed
on 5 consecutive fields by touch count in the hot
spot.'” Each positive vessel was marked by red-colored '
+' symbol (Fig. 1). All stained endothelial cells or cell
clusters were counted as one microvessel. To clarify the
CD34 staining results, image zoom-up was performed
when necessary. If two or more positive foci seemed to
belong to a single continuous vessel, they were counted
as one microvessel. The presence of a lumen was not
required. Occasional macrophages, plasma cells, and
peripheral nerve bundles were stained positively for

CD34. These were excluded from counts on morpho-
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Fig. 1. MVD count was performed on the captured image by touch
count (original maginification, x200),

logical grounds. The mean of the three highest counts
per tumor was taken for further analyses. The pre-
defined cut-off value for categorical evaluation of MVD

was the median MVD of the population studied.
5. Detection of apoptosis

Apoptotic cells were identified by a terminal deoxy-
nucleotidyl transferase (TdT)-mediated dUTP nick-end
labeling (TUNEL) method."® The TUNEL method was
used according to procedures included in the ApopTag
Plus in situ Apoptosis Detection Kit (Intergen, Purchase,
NY). Briefly, after deparaffinization and washing in
phosphate-buffered saline (PBS) (50 mM sodium
phosphate, pH 7.4, 200 mM NaCl), tissues were
digested with proteinase K (20 pxg/mL in PBS) for 15
min at room temperature and then washed with
distilled water. Slides were then put into 3% H,0O, for
5 min to quench the endogenous peroxidase activity
and then washed with PBS. After adding equilibration
buffer for 1 min, the sections were exposed to TdT
with digoxigenin-11-dUTP and dATP in a moist
chamber for 60 min at 37°C. The reaction was stopped
by immersing the slides into stop/wash buffer. After
washing, anti-digoxigenin-peroxidase was added to the
slides. Slides were washed, stained with diaminobenzidine
substrate, and then counterstained with hematoxylin.

To confirm the reaction specificity of the TUNEL

procedure, a negative control was also run, omitting
TdT from the reaction mixture. A rat intestine section
with obvious apoptotic cells as the positive control. The
apoptotic index (Al) was determined by counting the
number of positively labeled nuclei per 1000 tumor
cells. Positively labeled cells and bodies meeting the
morphological characteristics of apoptosis were identified
as apoptotic cells and bodies. Cells in the vicinity of

necrotic areas were excluded.
6. Statistical analysis

Statistical analysis was performed using the SPSS
software program (version 12.0 for Windows; SPSS
INC., Chicago, IL). The relationship between COX-2,
survivin expression and categorical variables was
compared with the Chi-square test, or Fisher's exact
probability test when appropriate. Continuous variables
were compared with the Mann-Whitney U test. The
strength of association between the COX-2, survivin,
and MVD, Al was assessed by the Spearman rank

correlation test. p<0.05 was considered to be significant.

Results

1. Relation between COX-2 expression in neuroblastoma
and clinicopathological parameters

The present study analyzed neuroblastomas from dif-
ferent biological subsets and at all clinical stages for
COX-2 expression. Within the tumor, COX-2 staining
pattern showed intratumoral heterogeneity. According
to our scoring system, thirty-seven of 39 neuroblastoma
samples (94.9%) showed specific expression of COX-2
protein in the cytoplasm of the tumor cells (Fig. 2A,
and 2B). Interestingly, COX-2 expression was identified
in the main cellular components of neuroblastoma in-
cluding neuroblast and ganglionic cells, but not in
Shcwannian stroma. No Cox-2 expression was detected
in the surrounding non-malignant adrenal medulla tis-
sues, whereas the surrounding adrenal cortex showed a

positive staining for COX-2 (Fig. 2D). Two neuro-
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Fig. 2. Immunohistochemiscal staining of COX-2. Specific COX-2 expression in the cytoplasm of tumor cells in neuroblastoma, Schwannian
stroma-poor (A), differentiating neuroblasts with nuclear and cytoplasmic differentiation (B), tumor-derived differentiated ganglion in
ganglioneuroma (C), and adrenal cortex in non-malignant adrenal tissue (D) were noted (COX-2 immunostaining, original maginification, x200),

blastoma sample, from a localized stage 1 and stage II
tumor with favorable biology (sample #: 4, 9), did not
express COX-2. Five ganglioneuromas were investigated
and showed COX-2 staining in the tumor-derived dif-
ferentiated ganglion cells, but not in the surrounding
stroma (Fig. 2C). Correlation between COX-2 expression
and known prognostic factors are listed in Table 1.
There was statistically significant correlation between
INSS stage, Shimada histology, and INRG risk factors.

2. Relation between survivin expression in neurobla-
stoma and clinicopathological parameters

Thirty-six of 39 neuroblastoma cases (92.3%) showed

survivin positive immunoreactivity, and 20 cases showed

high expression (more than 20% of positive cells).
Survivin immunoreactivity was observed in the nucleus
(Fig. 3A), cytoplasm (Fig. 3B), and both (Fig. 3C) of
tumor cells, however, there was no significant difference
between survivin localization and current prognostic
factors in this study. Nuclear survivin expression was
identified the neuroblasts, and cytoplasmic expression
was noted in the ganglion. Survivin is not expressed in
the Schwannian stroma. Fig. 3D shows low survivin
expression in neuroblastoma. Correlation between low
and high survivin expression and known prognostic
factors are listed in Table 1. There was statistically
significant correlation between survivin expression and

age, INSS stage, and INRG risk factors.
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Table 1, Correlation of clinicopathological features with COX-2 and survivin expression

COX-2 Survivin COX-2/Survivin*
Category No.
Low High p value Low High p value Low High p value
Age (y)
<1 11 7 4 NS T 9 2 0.012 10 1 0.019
>1 28 9 19 10 18 14 14
Stage
Stage |, II, IVs 16 11 5 0.004 13 3 0.001 15 1 0.001
Stage lll, IV 23 5 18 6 17 9 14
Shimada
Favorable 24 14 10 0.006 12 12 0.55 17 7 NS
Unfavorable 15 2 13 7 8 7 8
INRG
Not high risk 18 12 6 0.008 14 4 0.001 17 1 <0,001
High risk 21 4 17 5 16 7 14

*poth COX-2 and survivin is highly expressed; Thot significant,

Fig. 3. Immunohistochemical staining of Survivin in neuroblastoma, Different distributions of survivin expression were noted in nucleus of
Schwannian stroma-poor, undifferentiated subtype (A), cytoplasm in neuroblasts with cytoplasmic differentiation of Schwannian stroma-poor,
differentiating subtype (B), and both areas in neuroblasts of Schwannian stroma-poor, poorly differentiated subtype (C). In the Schwannian
stroma-poor, poorly differentiated subtype case, low survivin expression in nucleus are also noted (D) (Survivin Immunohistochemistry, x200),
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3. Relation between both COX-2/survivin expression
in neuroblastoma and clinicopathological parameters

When we correlated COX-2 expression and survivin
expression, increased COX-2 was associated with increased
survivin expression (r=0.334, p=0.038). Combined analysis
of COX-2 and survivin expressions showed that tumors with
positive expression of both factors had a statistical

significance in age, INSS stage, and INRG risk factors.

4. Tumor angiogenesis, apoptosis, and their relation-
ship to COX-2 and survivin expression

All endothelial cells that were visible on the histo-

logical slides were immunostained by CD34 antibodies.

Fig. 4, Apoptotic cells (arrows) are shown by the terminal deoxy-
nucleotidyl transferase-mediated dUTP nick-end labeling technique
(TUNEL assay, original maginification, x200),

The area of greatest vascular density was usually, but
not always, at the periphery of the tumor. Microvessel
density (MVD) ranged from 14.6 to 33.2 and had a
median value of 21.7 (23.9+£3.4). Acceptable results
were noted for both the negative and positive controls
with the TUNEL staining. A variable proportion of
stained cells showed the morphologic criteria of apoptosis,
namely, cell shrinkage and nuclear condensation and
fragmentation (Fig. 4). Apoptotic index (Al) ranged
from 2.1% to 10.3%, with a median value of 6.3 %
(6.5+1.3). Between COX-2 protein expression and the
MVD, we could observe a positive correlation with
statistical significance (r=0.354, p=0.029). And high
survivin expression tumors had significantly lower values
with negative correlation for Al than low survivin
expression tumors (r=—0.385, p=0.018). No significant
difference was seen between COX-2 expression and Al,
and between survivin and MVD. Finally, there was

significant difference between high expressions of both
COX-2 /survivin and MVD, but not between Al (Table 2).

Discussion

The present study has investigated the COX-2 and
survivin expression pattern in neuroblastoma and found
that 1) COX-2 and survivin expression are closely
correlated, 2) COX-2 expression directly correlate with
INSS tumor stage, Shimada histology, and INRG risk

Table 2, Association between COX-2, survivin expression and angiogenesis, and apoptosis

Category n MVD (mean=SD) p Al (mean=SD) p
COX-2 expression
Low 16 19343 1 0.029 76+11 NS
High 23 25627 63+13
Survivin expression
Low 19 216453 NS 81+12 0.018
High 20 23372 53+1.1
COX-2/Survivin
Low* 24 174426 0.009 73+14 NS
Hight 15 243+33 6.6+1.4

MVD, microvessel density; Al, apoptotic index; *COX-2 or survivin is negative or low expression, respectively; Thoth COX-2 and survivin is

high expression,
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factors, and increased vasculature and 3) surivin
expression is correlated with patient age, INSS tumor
stage, INRG risk factors, and inversely correlated with
tumor apoptosis.

COX-2 has been reported to have

tumorigenic and tumor progressive properties in recent

important

publications. These reports state the importance of
COX-2 in inhibition of apoptosis, enhancement of
angiogenesis, and metastatic potential.”*'* In this study,
we find out that the neuroblastoma were expressed
COX-2 and high COX-2 expression was correlated with
tumor stage, INRG risk factors, and high tumor
COX-2

expression is upregulated by the advancement of tumor

vascularity. These findings suggest that
progression of neuroblastoma through modulates the
expression of potent angiogenetic factors.

Neuroblastic  tumors consist of two main cell
populations, neuroblastic/ganglionic cells and Schwann
cells, and the ratio of these cell types varies according
to tumor maturation. Immature neuroblastoma is
composed of undifferentiated neuronal cells and a
paucity of Schwannian stroma, whereas larger,
ganglion-like cells and abundant Schwannian stroma
are seen in maturing neuroblatic tumors. The favorable
prognostic impact of the presence of Schwannian
stroma has been emphasized in the International
Neuroblastoma Pathology Classification System. It has
been speculated that Schwann cells influence
neuroblastic growth by secreting molecules that serve as
anti-proliferative and pro-differentiation factors for
neuronal cells.” In this study, we found out that
COX-2 expression in the favorable histology group is
lower than unfavorable histology groups (Table 1) and
COX-2 expression was correlated MVD (Table 2).
These findings agreed with Schwann cells produce
angiogenesis inhibitors and Schwann cells may also
influence NB growth by restricting angiogenesis.

COX-2

programmed cell death and reduce the apoptotic rate

derived  prostaglandins  (PGs)  regulate

via inhibition of the mitochondrial apoptotic pathway

characterized by reduced cytochrome ¢ release,

attenuated caspase-9 and -3 activation and upregulation
of bcl-2. Conversely, COX-inhibitors trigger both the
mitochondrial and death receptor-mediated apoptotic
pathways with resultant cytochrome c release.” In the
COX-2

Celecoxib significantly inhibited tumor growth and

previous report,” the selective inhibitor
reduced the tumor volume in vivo via intrinsic apoptosis
pathway. In this study, apoptotic index was calculated
and compared with COX-2 expression. However, there
was no statistical significance (p=0.137, Table 2).
These result could be explain that apoptotic process in
neuroblastoma may go on via COX-independent
mechanisms of NSAID-mediated apoptosis.*

It has been hypothesized that genes that control
apoptosis may be important in defining the course of
neuroblastoma development.”’ Survivin is an IAP that
appears to be more selectively expressed in malignant
tissue, including neuroblastoma. Interestingly, a gain in
the distal arm of 17q, the locus of the Survivin gene,
occurring in approximately 60% of neuroblastomas
correlated with increased tumor aggression.”!

To the best of our knowledge, there have been a few
reports on the relation between survivin expression and
apoptosis or angiogenesis of neuroblastoma. Wang et
al.” used in situ hybridization to investigate survivin
expression in 26 samples diagnosed with neuroblastoma.
Their results showed that survivin expression was
conversely correlated with an apoptosis. In the present
study, survivin protein was expressed in 92.3% (36 of 39
cases) neuroblastoma sample by immunohistochemistry
and we found that Al in high survivin expressed
specimens significantly decreased compared with low
survivin expressed specimens. Although there was no
significant difference between MVD in high survivin
expressed specimens and that in low survivin expressed
specimens, there was an increasing tendency of MVD.
Furthermore, the survivin expression is closely correlated
with INSS stage and INRG risk factors in this study.
The results indicate that survivin may play a key role

in tumorigenesis and progression of neuroblsatoma by

1 . o . . . .23
its biologic activities of anti-apoptosis and angiogenesis.
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However, it should be acknowledged that this study
was retrospective, and therefore has limitations, e.g., in
case numbers and biases of tumor histologic subtypes,
which may influence the results. In addition, the
mechanisms by which survivin promote angiogenesis
and inhibits cell apoptosis in neuroblastoma were not
investigated in this study. Nevertheless, recent review
by Fukuda et al. described similar results, and it may
indirectly support our findings.”

It is noteworthy that we found survivin protein
located in the cytoplasm of neuroblastoma cells, as well
as in the nucleus of those. An article has been reported
that different survivin distribution during cell cycle
using neuroblastoma cell line.”* This finding was not
completely in accord with past reports in neuroblastoma
sample. Some reports described the subcellular localization
of survivin. In this context, it useful to review that
survivin exists in two subcellular pools: 80% cytosolic
and 20% nuclear.”” And at least three different splice
variants of Survivin (ie, Survivin, Survivin delta Ex 3,
and Survivin-2B) have been identified and have
different subcellular localizations. Survivin and Survivin
2B isoforms localise predominantly to the cytoplasm,
whereas the delta Ex 3 isoform is preferentially localized
in the nucleus.” Nuclear survivin may regulate cell
proliferation whereas cytoplasmic survivin may be
involved in cell survival but not cell proliferation, and
increased survivin as seen in malignancies may
therefore participate in aberrant mitotic activity leading
to aneuploidy in tumors.”® Here in, we reported the
different  subcellular  distributions of survivin in
neuroblastoma. Nuclear survivin expression was mainly
noted in the undifferentiated neuroblasts or Stroma-poor
neuroblastoma  group, and cytoplasmic  survivin
expression was noted in the differentiated ganglionic
cells. Although there was no significant difference
between subcellular survivin localization and known

should be

performed in large scale cases to clarify the role of the

prognostic  factor, further evaluation

accumulation of survivin protein in cytoplasm as well as

in the nucleus in neuroblastoma may be understood

properly.

Finally, there was little information between COX-2
and survivin in the tumorigenesis.”” This study showed
the upregulation and positive correlations of COX-2
and survivin in neuroblastoma. Although our data
suggest such a relationship in neuroblastoma, the cause
cannot be established. However, some suggestions can
be made from the findings of our study and other
available data. Angiogenic factors such as VEGF induce
survivin expression in endothelial cells during vascular
remodeling and angiogenesis.”’ VEGF up-regulate
survivin via the PI3K/Akt cell signaling pathway in
human neuroblastoma cells. As we know, COX-2 is
potent VEGF stimulator,” activate PI3K/Akt signaling
pathway in neuroblastoma,”® and modulated the
mitochondrial apoptotic pathway.” And constitutive
overexpression of COX-2 leads to stabilization of the
inhibitor of apoptosis protein survivin resulting in the
elevated apoptosis resistance of COX-2-overexpressing
cells.” Genetic or pharmacologic suppression of COX-2
activity increased proteasomal degradation of survivin
and cellular response to apoptosis induction. However,
in this study, COX-2/survivin co-expression group is
correlated with higher tumor angiogenesis rather than
apoptosis, and suggest that COX-2 and survivin play a
pivotal role in the tumorigenesis of neuroblastoma via
regulation of angiogenesis and apoptosis.

In conclusion, this study has shown that COX-2 and
survivin are overexpressed in neuroblastoma and
positively correlated with INSS tumor stage, and INRG
risk factors. COX-2 dependent expression of survivin is
critical for tumor angiogenesis in neuroblastoma. These

molecular pathways should be investigated further using

neuroblastoma models.
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