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Expression and clinical significance of
cyclooxygenase 2 and survivin in human gliomas
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Abstract. The present study aimed to determine cyclo-
oxygenase 2 (COX-2) and survivin expression levels in glioma
tissues, and to investigate their association with clinicopatho-
logical factors and patient survival. Immunohistochemistry
was performed to evaluate COX-2 and survivin expression
levels in paraffin-embedded surgically resected tissues from
70 patients with glioma and 7 individuals with normal brain
tissues. The association between COX-2 and survivin expres-
sion levels and clinicopathological features was investigated
using the % test, and the survival time was analyzed using the
Kaplan Meier method with log-rank test. COX-2 and survivin
were overexpressed in glioma tissues, and higher expres-
sion levels were observed in glioma tissues of histological
grades III-IV compared with those in grade I-II tumor tissues
(P<0.05); however, the expression levels were not associated
with gender, age, tumor size or location (P>0.05). There was
a significant positive association between the expression levels
of COX-2 and survivin in the glioma tissues. Additionally,
COX-2 and survivin expression levels were significantly
negatively correlated with the rate of survival. In conclusion,
COX-2 and survivin expression is positively associated with
the pathological grade of a glioma and may contribute to
glioma tumorigenesis. Therefore, COX-2 and survivin may be
sensitive predictors of a negative clinical prognosis for patients
with glioma.

Introduction
Glioma derived from the neural epithelium is the most

common type of primary brain tumor, accounting for 40-50%
of all central nervous system neoplasms (1). Gliomas include
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astrocytomas, oligodendrogliomas, glioblastomas, ependy-
momas, medulloblastomas and glioblastoma multiforme (2).
Glioma is genetically complex and is invasive to surrounding
tissues, thus surgical resection is difficult (3). The recurrence
of glioma following treatment is mostly due to the recurrence
of the primary lesion (4). Although postoperative radiotherapy
and chemotherapy may prolong survival times, the majority
of patients with glioma live only 1-2 years after diagnosis (5).

Tumor occurrence, development, invasion and metastasis
are complex processes involving multiple genes (6). Certain
studies have indicated that non-steroidal anti-inflammatory
drugs reduce the risk of various tumor types, for example,
polyps of the large bowel in colorectal cancer tissues,
and that cyclooxygenase (COX) may be associated with
tumorigenesis (7). COX, also known as prostaglandin
endoperoxidase H synthase, has two isoforms: COX-1, located
in the cytoplasm and constitutively and stably expressed in
various tissues, and COX-2, which is expressed at low levels
or is not detectable in the majority of normal tissues, but can
be induced in response to cell activation by growth factors,
cytokines, inflammatory mediators and tumor promoters (8).

Survivin is a small but important member of the inhib-
itor-of-apoptosis protein family, with 142 amino acid residues
and one baculovirus inhibitor of apoptosis protein repeat
domain, which is a multifunctional protein that contributes
to cellular homeostasis (9). Survivin is implicated in the
inhibition of apoptosis and mitotic regulation, and promotes
tumor development (10). Overexpression of survivin has been
reported in cancer and is associated with a poor prognosis
for a number of human malignancies, including non-small
cell lung cancer (11). Thus, the present study determined the
COX-2 and survivin expression levels in glioma tissues using
immunohistochemistry methods, it examined the association
between COX-2 and survivin, and it correlated the data with
the clinicopathological characteristics of gliomas, including
patient age, gender, tumor location, histopathological grade
and patient survival.

Materials and methods

Specimen collection. Patients (n=70) with glioma were
selected from The First Affiliated Hospital of Anhui Medical
University (Hefei, Anhui, China) between October 2012 and
December 2013; the patient's detailed clinicopathological
characteristics were obtained from their medical files. The



1304

patients selected included 42 males and 28 females, with an
age range of 7-70 years (median age 50 years). Patient char-
acteristics are presented in Table I. The survival time was
defined as the time between the day of the initial diagnosis
and the day of patient mortality due to the glioma. Selected
patients had no prior history of glioma. No patient received
radiotherapy or chemotherapy prior to surgery and all patients
were treated with surgery. The type of surgery patients' under-
went was mainly according to the location and size of the
tumor (for example total resection or subtotal resection). The
tissue samples were obtained during the surgery. Surgically
resected tissues were diagnosed by two pathologists according
to World Health Organization (WHO) histological criteria (12).
Tumors of grades I-II were of low malignancy and tumors
graded III-IV were highly malignant. In addition, 7 normal
brain tissues were derived from patients with arteriovenous
malformation by arteriovenous malformation removal surgery.
Written informed consent was obtained in all patients prior to
enrollment in the present study. The study was approved by the
Ethics Committee of The First Affiliated Hospital of Anhui
Medical University.

Immunohistochemistry. Sections from formalin-fixed,
paraffin-embedded tumor tissues (4-um thick) were immu-
nostained and assayed using a PV6000 polymer system
(ZSGB-BIO, Beijing, China). All paraffin sections were heated
to 90°C for 20 min. Following routine deparaffinization by
serial baths in xylene 3 times and dehydration in a graded
series of ethanol (100, 95 and 80%) and distilled water, each
section was treated with 0.3% hydrogen peroxide to block
endogenous peroxidase activity. Sections were subsequently
washed in 0.01 M phosphate-buffered saline (PBS; pH 7.4),
microwaved at 100°C for 20 min for antigen retrieval and
then incubated overnight at 4°C with optimal dilutions of
primary antibodies. Antibodies used were anti-COX-2
rabbit polyclonal antibody (dilution, 1:400; ab15191; Abcam,
Cambridge, UK) and anti-survivin rabbit polyclonal antibody
(dilution, 1:1,200; ab24479; Abcam). Following washing in
PBS, the tissue sections were treated with secondary antibody,
IgG-horseradish peroxidase polymer multimer (PV-6000;
ZSGB-BIO, Beijing, China), at 37°C for 20 min. Finally, the
tissue sections were incubated with diaminobenzidine and
counterstained with hematoxylin, cleared and mounted on
neutralbalsam. In order to confirm COX-2 and survivin immu-
nospecificity, 0.01 M PBS was supplied instead of primary
antibody, as the negative control.

Evaluation. Stained tissue sections were observed under a
light microscope. COX-2 and survivin expression levels were
determined in 1,000 cells in 5 high-power fields for each tissue
section. COX-2 staining in tumors was categorized as positive
or negative and positive protein expression level was evalu-
ated by two independent observers using a semi-quantitative
immunoreactive score (IRS). Briefly, IRS was calculated
by multiplication of staining intensity (graded as 0, none; 1,
weak; 2, moderate; and 3, strong staining) and the percentage
of positively-stained cells (0, no stained cells; 1, 1-10% stained
cells; 2, 11-50% stained cells; 3, 51-80% stained cells and 4,
81-100% stained cells). An IRS of >3 was considered to indi-
cate a positive reaction (13).
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Statistical analysis. SPSS version 19.0 was used to analyze
data (IBM SPSS, Armonk, NY, USA). The y* test was
performed to evaluate the COX-2 and survivin expression
levels in patients with various clinicopathological characteris-
tics. Spearman's correlation coefficient method was applied to
evaluate the association between expressions levels of COX-2
and survivin. Survival analysis was estimated according to
the Kaplan-Meier method from the date of diagnosis to the
date of patient mortality due to the glioma. The difference in
survival curves was examined by means of the log-rank test.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Immunohistochemistry results. In normal brain tissues, the
COX-2 and survivin protein expression levels were negative.
In tumor tissues, COX-2 expression was observed to be local-
ized to the cytoplasm and nuclei of the tumor cells, whereas
survivin expression was confined mostly to the nuclei of the
tumor cells (Fig. 1). Positive COX-2 expression was identified
in 44/70 glioma tissues, whereas positive survivin expression
was observed in 39/70 glioma tissues.

Correlation with clinicopathological characteristics. COX-2
and survivin expression levels were correlated with patho-
logical tumor grade. COX-2 expression occurred in 46.4% of
low-grade malignancies and in 73.8% of high-grade tumors
(P<0.05). Survivin was expressed in 39.3% of low-grade
malignancies and 66.7% of high-grade tumors (P<0.05).
COX-2 and survivin expression levels demonstrated a stepwise
increase from weakly malignant (stage I-II) to highly malig-
nant (stage IT1I-I'V) glioma; this was statistically significant, but
expression was not correlated with gender, age, tumor size or
location (P>0.05; Table I), indicating that these variables may
not affect the expression levels of COX-2 and survivin.

Correlation between COX-2 and survivin. A total of 33 cases
were identified as being COX-2- and survivin-positive, 20
were COX-2- and survivin-negative, 11 were COX-2-positive
and survivin-negative, and 6 were COX-2-negative and
survivin-positive. There was a significant positive correlation
between the expression level of COX-2 and survivin in the
glioma tissues (r=0.50; P<0.01).

Significant prognostic value of COX-2 and survivin. The
follow-up of the patients ended in June 2015, and at this time,
complete follow-up information was available for 60 patients.
Kaplan-Meier survival analysis revealed that the median
survival time for patients who were negative for COX-2 expres-
sion was 24 months, while those positive for COX-2 expression
had a median survival time of 18 months. A log-rank test
indicated that survival time for those positive for COX-2 was
significantly lower compared with those negative for COX-2
(%2=10.113; P<0.01; Fig. 2A). The median survival time the
for patients who were negative for survivin expression was
24 months and that for patients positive for survivin expression
was 16 months. A log-rank test confirmed that survivin expres-
sion was associated with a shorter survival time (y2=11.847,
P<0.01; Fig. 2B). Kaplan-Meier survival curves demonstrated



ONCOLOGY LETTERS 14: 1303-1308, 2017 1305
Table I. COX-2 and survivin expression levels and clinicopathological factors.
Clinicopathological factors Cases, n COX-2,n (%) %2 P-value Survivin, n (%) x2 P-value
Gender
Male 42 28 (66.7) 0.653 >0.05 25 (59.5) 0.618 >0.05
Female 28 16 (57.1) 14 (50.0)
Age, years
=50 46 26 (56.5) 2.307 >0.05 23 (50.0) 1.776 >0.05
<50 24 18 (52.9) 16 (66.7)
Pathological WHO grade
I-11 28 13 (464) 5.395 <0.05 11 (39.3) 5.105 <0.05
m-1v 42 31 (73.8) 28 (66.7)
Tumor size, cm
=5 43 28 (65.1) 0.244 >0.05 24 (55.8) 0.000 >0.05
<5 27 16 (59.3) 15 (55.6)
Tumor position
Frontal lobe 28 19 (67.9) 3.586 >0.05 17 (60.7) 2.530 >0.05
Temporal lobe 19 14 (73.7) 12 (63.2)
Parietal lobe 10 5 (50.0) 5 (50.0)
Occipital lobe 7 3(42.9) 3(42.9)
Epencephala 6 3(50.0) 2(33.3)
COX-2, cyclooxygenase 2; WHO, World Health Organization.
Discussion

Figure 1. Immunohistochemical staining for (A) cyclooxygenase 2 and
(B) survivin in glioma tissues (x400 magnification).

that COX-2 (III-1V; x2=4.252; P<0.05; Fig. 3A) and Survivin
(ITI-IV; %2=4.571; P<0.05; Fig. 3B) expression levels were
significant prognostic predictors for high-grade malignant
glioma. Additionally, COX-2 (I-II; ¥2=5.069; P<0.05; Fig. 4A)
and Survivin (I-IT; x2=4.709; P<0.05; Fig. 4B) expression levels
were significant prognostic predictors for low-grade malignant
glioma. COX-2 and survivin expression levels were signifi-
cantly associated with poor survival. The 2-year survival rate
for patients who were negative for COX-2 and survivin expres-
sion was significantly higher compared with that for patients
who were positive for COX-2 and survivin expression (58.3
vs. 22.5%; x?=12.156; P<0.05; Fig. 5). Patients with grade IV
glioma who were negative for COX-2 and survivin expression
experienced a median survival time of 24 months, and this
was significantly longer compared with the survival time for
patients who were positive for COX-2 and survivin expression
(14 months; %x2=3.933; P<0.05).

Abnormal expression levels of apoptotic genes perturbs apop-
tosis, allowing cells to escape normal control mechanisms, and
inducing cell cycle disorders and tumorigenesis (14). COX-2
and survivin have been suggested to be involved in tumorigen-
esis (15,16), thus they are of interest as potential therapeutic
targets. Currently, pathological diagnosis, in particular WHO
tumor grade guidelines, are important for predicting prognosis
in those patients with gliomas. Therefore, the present study
determined COX-2 and survivin expression levels, and evalu-
ated their utility as prognostic markers for glioma.

COX-2 is an inducible enzyme involved in the conversion
of arachidonic acid to prostaglandin H2, which is subsequently
converted by specific prostaglandin synthases to prostaglandin
E2 (17). Increasing levels of prostaglandin E2 (main product
of COX-2) promotes cell proliferation, invasion and angio-
genesis, and inhibits apoptosis, a feature closely associated
with tumorigenesis (18). Previous studies have suggested that
positive staining for COX-2 is associated with cancer, thus
it is used as a diagnostic and therapeutic target for breast,
colon, gastric and esophageal cancer (19-21). Elevated COX-2
expression levels in tumors are associated with the inhibition
of apoptosis, increased cell proliferation and differentia-
tion, increased angiogenesis, tumor invasion and metastasis,
and the inhibition of cell immune function (22). Temel and
Kahveci (23) reported that glial cells did not express COX-2
in normal brain tissues and that COX-2 protein expression was
observed predominantly in all glioma types; its immunoreac-
tivity was upregulated in high-grade malignancies, particularly
in glioblastoma multiforme (grade I'V). COX-2 has also been
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Figure 2. Kaplan-Meier survival plots defined by (A) COX-2 and (B) survivin expression in patients with glioma tumor grades I-IV. COX-2, cyclooxygenase 2.

A 1o Survival functions
o et
1
- ] - COX-2(-)
S 0.8 .
3 : COX-2(+)
7 0.6 "'=
2 o
F 041 =
E
£ 0.2-
Q
0.0 T 1

1'0 20
Time (months)

(=]

B 1o Survival functions
QT 1
l._.l.___]._.l._.‘
S0 | -+ survvin(-)
2 b~ —— survivin(+)
7 0.6+
s
g 04
2
£ 0.2
Q
0.0 :

1I0 2I0
Time (months)

(=]

Figure 3. Kaplan-Meier survival plots defined by (A) COX-2 and (B) survivin expression in patients with glioma tumor grades I1I-IV. COX-2, cyclooxygenase 2.
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Figure 4. Kaplan-Meier survival plots defined by (A) COX-2 and (B) survivin expression in patients with glioma tumor grades I-11. COX-2, cyclooxygenase 2.
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Figure 5. Kaplan-Meier survival plot of four groups defined by posi-
tive/negative COX-2 and positive/negative survivin expression. COX-2,
cyclooxygenase 2.

confirmed to be present in the surrounding tissues of necrotic
tumor areas in glioblastoma multiforme (23). The present

study demonstrated that COX-2 expression was detected
in 13/28 (46.4%) low-grade malignant gliomas and in 31/42
(73.8%) high-grade malignant gliomas. COX-2 overexpression
in gliomas and a stepwise increase in COX-2 immunoreac-
tivity from weakly to highly malignant gliomas occurred,
and this was statistically significant. El-Sayed and Taha (24)
revealed that COX-2 expression was significantly associated
with poor survival (r=0.58; P<0.001). The follow-up data of the
present study demonstrated that patients with COX-2-positive
tumors had a significantly shorter survival time compared
with patients who were negative for COX-2 (18 vs. 24 months).
Furthermore, COX-2 may be used to predict prognosis in high-
and low-grade glioma types. Consequently, COX-2 expression
may be a significant negative predictor of prognosis for glioma.

Survivin is an inhibitor of apoptosis that has other proper-
ties that modulate mitosis, apoptosis and the cellular stress
response (25). Survivin is expressed during embryonic and
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fetal development, and is found in cancer cells (including
hepatocellular carcinoma and gastrointestinal cancer), but not
in adult terminal differentiated tissues (26). Survivin enhances
tumor cell survival primarily by suppressing apoptosis via the
direct inhibition of caspase-associated proteins (27). Survivin
is expressed during the G,/M phase of the cell cycle and is a
member of the chromosomal passenger complex, a regulator
of chromosome-microtubule attachment, spindle assembly
checkpoint and cytokinesis at cell division (28). Therefore,
survivin functions as a key regulator of chromosomal segre-
gation and cytokinesis, repressing cell death (29). A previous
study of patients with glioblastoma indicated that survivin
was associated with patient prognosis (30). While cytoplasmic
survivin did not modify prognosis, nuclear survivin localiza-
tion was correlated with a significantly lower survival rate
compared with patients with low nuclear survivin levels.
The present study observed that survivin accumulated in the
nuclei of glioma cells, thus it may be useful for the survival
prognosis. Chakravarti et al (31) demonstrated a negative asso-
ciation between survivin expression and the survival of glioma
patients. Kogiku et al (32) also observed a significant associa-
tion between survivin and age, Karnofsky performance scale
(KPS) score and grade (P=0.0017, P=0.0006 and P=0.0002,
respectively). This indicated that older patients with glioblas-
toma multiforme (grade IV) and a lower KPS score tended
to have a higher survivin expression level. In addition, the
median survival time of patients with high survivin expression
was significantly shorter compared with that for patients with
low expression (322 vs. 1,084 days) (32). In the present study,
survivin expression was detected in 11/28 (39.3%) low-grade
glioma tissues and in 28/42 (66.7%) high-grade glioma tissues.
Survivin immunoreactivity was upregulated significantly in
high-grade glioma, but it was not correlated with gender, age,
tumor size or location. In the follow-up data, patients with
survivin-positive tumors experienced a significantly shorter
survival time compared with those who were negative for
survivin (16 vs. 24 months), and this was in agreement with
previous studies (31,32). Furthermore, survivin may be used to
predict prognosis for low-grade and high-grade gliomas.

Therefore, COX-2 and survivin proteins may be important
for changes in malignancy during glioma tumorigenesis. A
study by Mehar et al (33) indicated that survivin expression
could be induced by celecoxib and that it was dependent on
COX-2 expression. A significant immunoreactive association
between COX-2 and survivin protein was observed in ovarian
cancer (34) and endometrial carcinoma (35). Thus, COX-2
may act as an upstream regulatory factor, with high expres-
sion of COX-2 upregulating survivin by preventing survivin
ubiquitination and proteasome degradation. To the best of our
knowledge, this interaction has not yet been investigated in
glioma.

The present study demonstrated a significant positive
correlation between the expression of COX-2 and survivin
in glioma, and hypothesized that COX-2 and survivin may
facilitate tumor occurrence and progression via a common
signaling pathway. The two proteins were potent indicators of
glioma survival, and follow-up data revealed that the survival
time for patients who were positive for the two proteins
was significantly lower compared with patients who were
negative for the two proteins. This significant correlation of
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COX-2 and survivin may further highlight the advantage of a
combinational evaluation with COX-2 and survivin to deter-
mine the prognosis in patients with glioma. Furthermore, the
significantly longer survival time of patients diagnosed with
grade I'V glioma without the expression of COX-2 and survivin
suggested an advantage of combining a pathological diagnosis
with the expression of COX-2 and survivin. Ren ef al (36)
confirmed that inhibition of proliferation and promotion of
apoptosis in U251 glioma cells could be induced by celecoxib
in a dose- and time-dependent manner, and that this may
occur by downregulation of survivin expression. However, the
specific signal transduction pathway by which this may occur
in glioma remains unknown. Thus, the link between COX-2
and survivin requires further investigation. Furthermore, these
proteins may have potential value for glioma therapy, as COX-2
inhibitors are effective for reducing the risk of malignancies
and inhibiting tumorigenesis (37). Rodel et al (38) revealed
that a drug to block survivin activity by downregulation may
inhibit tumor proliferation.

There are certain limitations to the present study. Firstly,
the patients underwent surgery using a variety of methods
and surgeons. Also, the tissue specimens were evaluated by
different pathologists, although all tissues were re-examined
based on strict criteria (WHO guidelines). Furthermore, the
sample size was limited, which may have obscured significant
findings. A study with a larger sample size is required. A
multi-institutional study of patient populations in Anhui or all
of China would aid in improving our current understanding
of the prognosis of glioma patients using COX-2 and survivin
expression analysis.

Despite the aforementioned factors, the results of the
present study may aid in defining the tumorigenic mechanism
underlying glioma and assist with determining an effec-
tive diagnosis and prognosis. The present study provided
convincing evidence for the specific accumulation of COX-2
and survivin existing in glioma tissues, suggesting that they
serve an important role in the process of carcinogenesis. The
present study suggested that COX-2 and survivin are associ-
ated with the severity of glioma, as patients who were positive
for the expression of the two proteins demonstrated shorter
survival times. This may aid the establishment of a compre-
hensive therapeutic evaluation of glioma, and these proteins
may have potential and suitable uses for targeted therapy.
Further studies are required in order to investigate these find-
ings. Additionally, COX-2 and survivin proteins may be useful
for biomarker studies to predict glioma severity and patient
prognosis.
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