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Abstract
Background: Transitional cell carcinoma (TCC) is the most predominant type of urinary bladder tumor. As
cyclooxygenase (COX)-2 is recently introduced as an attractive target molecule in bladder TCC, we evaluated the
immunohistochemical expression of this marker and its association with several clinicopathological characteristics.
Materials and Methods: This cross-sectional study was performed in the Pathology department of Sina Hospital
in Tehran, Iran during 2006-2011. Ninety-two paraffin embedded blocks were selected from patients with
urinary bladder TCC who underwent cystectomy or transurethral resection (TUR). Then, we assessed COX-2
expression by immunohistochemical staining using antibody against COX-2. Staining in more than 5% of tumor
cells was considered as positive expression. Results: COX-2 was expressed in 50 % of our patients. This marker
was markedly expressed in high grade bladder TCC (62.1%) versus other grades and there was statistically
a significant difference in COX-2 expression between various grades (p=0.008). In addition, patients’ age,
lymphatic and perineurial invasion were associated with the expression of COX-2 (p=0.001, 0.015 and 0.039,
respectively). However, other parameters such as stage, tumor size, venous invasion and lymph node metastasis
did not show any significant relationship with this marker (all, p>0.05). Conclusions: COX-2 was expressed in
urinary bladder TCC especially in high grade forms, advocating its probable role in the differentiation of this
tumor. Accordingly, COX-2 could be a valuable biological target molecule in the evaluation and treatment of
patients with bladder TCC.
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Introduction
Bladder cancer is the ninth most common cancer
world-wide (Parkin, 2008) and it is also the fourth frequent
one in males in Iran (Sadjadi et al., 2005). Transitional
cell carcinoma (TCC) is the most predominant histological
type of bladder tumor (Bulbul et al., 2005). Molecular
targeted therapy in this tumor has been received more
attention in recent years. One of these attractive targets
is cyclooxygenase (COX)-2 (Pruthi et al., 2004; Meric et
al., 2006).
Cox-2 is a key enzyme in prostaglandins production
which is up-regulated in many human tumors such as
bladder cancer (Koki and Masferrer, 2002; Pruthi et
al., 2004; Meric et al., 2006; Raspollini and Taddei,
2007). It has an important role in cancer initiation and
development through the activation of carcinogens,
decrease in apoptosis, immunosuppression, angiogenesis
and metastasis induction (Pruthi et al., 2004; Meric et al.,
2006).
Recently, Cox-2 polymorphism is considered as a risk
factor for development and invasion of urinary bladder
carcinoma (Gangwar et al., 2011).

COX-2 expression in bladder TCC is reported between
13.6-98% by different studies (Matsuzawa et al., 2002;
Eschwege et al., 2003; Gurocak et al., 2006). Some authors
also revealed that the expression of this marker was
associated with higher grade and stage of bladder tumor
(Matsuzawa et al., 2002; Wadhwa et al., 2005; Jang and
Lee, 2009). Moreover, several studies suggest the effective
role of selective COX-2 inhibitors in human bladder
cancer (Pruthi, 2004; Okamoto et al., 2008; Dhawan et al.,
2010). Zhu et al. (2012) reviewed the publications about
the influence and activation of inflammatory mediators
including Cox-2 in bladder cancer and emphasis on the
potential role of therapeutic targets. MicroRNAs, such
as miR-143 which negatively regulate Cox-2 in urinary
bladder cancer are also introduced as a new target for
therapeutic modalities (Song et al., 2011).
However, to our knowledge no study has evaluated
the expression of COX-2 marker and its association
with clinicopathological parameters in bladder cancer
in Iran. We therefore plan this study to determine the
immunohistochemical expression of this marker in bladder
TCC and its relationship with some clinicopathological
characteristics especially tumor grade and stage.
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Materials and Methods

Results

Patient selection
Cases were obtained from the surgical pathology
archive at Sina Hospital Department of Pathology, Tehran
University of Medical Sciences. After reviewing the
pathology reports from April 2006 up to April 2011, 92
patients with bladder TCC including 40 cases who had
underwent transurethral resection (TUR) and 52 with
a history of radical or partial cystectomy were found.
Then all their hematoxylin/Eosin-stained slides were
re-examined by blinded review to achieve assurance
about diagnosis, grade, stage and other histopathological
characteristics. We used WHO/International Society of
Urological Pathology (WHO/ISUP) classification for
tumor grading (Epstein et al., 1998) and pathological
T staging (PT, depth of invasion) was also assessed
according to American Joint Committee on Cancer
(AJCC) Classification (Edge et al., 2010). Finally, the
appropriate formalin-fixed paraffin-embedded blocks were
selected for immunohistochemical (IHC) study.

Ninety-two patients with definite diagnosis of urinary
bladder TCC were evaluated. The patients mean age (±SD)
was 62.7 (±12.5) years ranging from 33 to 106 years.
There were 86 males (93.5%) and 6 females (6.5%). Of
all 92 patients, 46 (50%) underwent radical cystectomy, 6
(6.5%) had a history of partial cystectomy and TUR had
been performed on 40 (43.5%). Overall, COX-2 positive
immunoreactivity was 50% (46/92).
The patients mean age (±SD) in COX-2 positive
specimens was 66.7 ±(12.6) years and in the other group
with COX-2 negative immunoreactivity was 58.6 (±11)
years. There was a statistically significant difference
between the above groups (p=0.001).
There was no significant relationship between sex of
the patients and COX-2 expression (p=0.677).
Positive immunoreactivity for COX-2 among patients
with radical cystectomy, partial cystectomy and TUR
group was 47.8%, 50% and 52.5%, respectively. COX-2
expression was not associated with the type of surgery
(p=0.945).
We also assessed the size of tumor. The tumor mean
size was 4.2 (±2.01) cm. The tumor mean size was 4.4
(±2.27) cm in COX-2 positive specimens versus 4.16
(±1.8) cm in COX-2 negative ones. No statistically
significant association was seen between the tumor size
and COX-2 expression (p=0.632).
We summarized several pathological characteristics of
the tumor in association with COX-2 expression in Table
1.
As shown in Table 1, a statistically significant

Immunohistochemistry
Paraffin-embedded blocks were cut into 3-μm
sections and then mounted on Poly-L-Lysine coated
slides. After overnight incubation at 37oC, the specimens
were deparaffinized in xylene and rehydrated in a graded
series of alcohol. They were washed with phosphate
buffered saline (PBS) and then endogenous peroxidase
was inactivated by hydrogen peroxide 3% for 30 min.
Also, antigen retrieval was done by immersing the slides
in 0.01M. Tris buffer (PH 9.0) and performing autoclaving
for 20 min.
After washing with PBS, the slides were incubated
with protein Block serum-free (code X0909, Dako,
Denmark) for 10 minutes at room temperature to decrease
nonspecific antibody binding.
Monoclonal mouse anti-Human antibody for COX-2
(clone: CX- 294, Dako, Denmark) was then applied in a
dilution of 1: 100 for 1 hour. After washing with PBS,
for staining detection, slides incubated with peroxidaseconjugated envision Dual link reagent (Rabbit/mouse.
Horseradish peroxidase, code K4061, DAKO, Demark)
for 30 min. We also used diaminobenzidine as a
chromogen for color development. Finally, the sections
were counterstained with hematoxylin. As a positive
control, colonic adenocarcinoma was used in each run.
For negative controls, we omitted anti-COX-2 antibody.
All slides were reviewed by light microscopy,
independently by two experienced pathologists in blinded
fashion. The specimens were considered as COX-2
positive if at least 5% of tumor cells revealed light brown
cytoplasmic immunostaining (Shirahama, 2000; 2001;
Kim et al., 2002; Wadhwa et al., 2005; Jang and Lee,
2009).
Statistical analysis
We analyzed our results by using Pearson’s Chi-square,
Fisher exact test and t-test (performed with SPSS software,
Version 17.0). We considered p<0.05 as a statistically
significant value.
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Table 1. Cyclooxygenase-2 Expression in Urinary
Bladder Transitional Cell Carcinoma and its
Association with Clinicopathological Characteristics
Characteristic

No. Pts
(%)
		
Grade

Punlmp
Low
High
Stage
Ta
T1
T2a
T2b
T3a
T3b
T4a
T4b
Ta-T1
T2a-T4b
Multiplicityb

Yes
No
Venous invasion
Yes
No
Lymphatic invasion Yes
No
Perineurial invasion Yes
No
Lymph nodeb,c metastasis
Yes
No

COX-2 expression p valuea
Positive Negative
No (%) No (%)

10 (10.9)
24 (26.1)
58 (63)
11 (12)
31 (33.7)
13 (14.1)
12 (13.0)
11 (12.0)
6 (6.5)
7 (7.6)
1 (1.1)
42 (45.7)
50 (54.3)
17 (32.7)
35 (67.3)
17 (18.5)
75 (81.5)
31 (33.7)
61 (66.3)
27 (29.3)
65 (70.7)

4 (40)
6 (25)
36 (62.1)
4 (36.4)
14 (45.2)
7 (53.8)
8 (66.7)
5 (45.5)
5 (83.3)
3 (42.9)
0 (0)
18 (42.9)
28 (56)
7 (41.2)
18 (51.4)
11 (64.7)
35 (46.7)
21 (67.7)
25 (41)
18 (66.7)
28 (43.1)

6 (60)
18 (75)
22 (37.9)
7 (63.6)
17 (54.8)
6 (46.2)
4 (33.3)
6 (54.5)
1 (16.7)
4 (57.1)
1 (100)
24 (57.1)
22 (44)
10 (58.8)
17 (48.6)
6 (35.3)
40 (53.3)
10 (32.3)
36 (59)
9 (33.3)
37 (56.9)

12 (30)
28 (70)

8 (66.7) 4 (33.3)
11 (39.3) 17 (60.7) 0.112

0.008

0.513
0.209
0.488
0.179
0.015
0.039

*PUNLMP: Papillary Urothelial Neoplasm of Low Malignant Potential, acalculated
by Chi-square and Fisher exact tests, bOnly assessed in cystectomy specimens,
c
Lymph node was not available in 12 patients
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Figure 1. Positive immunohistochemical staining of
COX-2. A) Papillary urothelial neoplasm of low malignant
potential (×100); B) Low grade papillary urothelial carcinoma
(×400) and; C) High grade papillary urothelial carcinoma (×400)

difference was observed between different grades of
the urinary bladder TCC (p=0.008). High grade tumors
revealed a higher expression of COX-2 (62.1%) versus
other grades.
Figure 1 shows positive COX-2 immunoreactivity in
various grades of urinary bladder TCC.
In contrast, no significant association was detected
between COX-2 expression and individual stages from Ta
to T4b (p=0.513). When we compared muscle- invasive
tumors (T2a-T4b) to non-muscle invasive ones (TaT1), there was also no statistical difference in COX-2
expression (p=0.209).
Although, lymphatic and perineurial invasion showed a
statistically significant association with COX-2 expression
(p=0.015 and 0.039 respectively). The other pathological
parameters including multicentricity, venous invasion
and lymph node metastasis were not associated with this
marker (all p>0.05, Table 1).

Discussion
COX-2 has been introduced in recent years as a novel
target in many human tumors such as bladder cancer
(Koki and Masferrer, 2002; Pruthi et al., 2004; Meric et
al., 2006; Raspollini et al., 2007). Several studies have
been performed to assess the association of this marker
with clinicopathological characteristics in bladder cancer
(Shirahama et al., 2001; Shariat et al., 2003a; 2003b;
Wulfing et al., 2004; Gurocak et al., 2006; Margulis et al.,
2007). In the current study, we found COX-2 expression
in 50% of our patients which is in range of the previous
reports (Matsuzawa et al., 2002; Eschwege et al., 2003;
Gurocak et al., 2006). Moreover; we demonstrated the
marked association between COX-2 expression and
patients’ age, tumor grade, lymphatic and perineurial
invasion.
In accordance with some of the past studies (Komhoff
et al., 2000; Matsuzawa et al., 2002; Wadhwa et al., 2005;
Yulizar et al., 2008; Jang and Lee, 2009), we found that
COX-2 expression was markedly related to the grade of
bladder tumor. In the present study COX-2 expression

was seen in 62.1% of high grade tumors in comparison
with the other grades but not in a gradual increase pattern
from Low Malignant Potential (LMP) to high grade.
Higher expression of COX-2 in LMP grade (40%) versus
low grade (25%) may be due to the limited number of
our patients in LMP group. Matsuzawa and colleagues
reported COX-2 expression in 98% of the patients with
urinary bladder TCC (Matsuzawa et al., 2002). In their
study, a significant correlation between COX-2 expression
and tumor grade was detected with an increased expression
in a stepwise manner from grade 1 to 3. Furthermore;
Wadhwa and associates found that degree of COX-2
expression correlated with the grade of bladder TCC
(Wadhwa et al., 2005). Similarly, Jang and colleagues
demonstrated COX-2 expression in 15% and 72% of the
low grade and high grader bladder TCCs respectively
and they revealed a closed correlation between COX-2
expression and tumor differentiation like our study (Jang
and Lee, 2009). Komhoff and associates also detected
COX-2 expression in 38% of the high grade bladder TCCs.
However, they did not find this marker in low grade ones
(Komhoff et al., 2000).
In another study by comparing low grade and high
grade bladder carcinomas in COX-2 expression, they
found a significant difference between two groups (Yulizar
et al., 2008).
On the other hand, other observations did not confirm
any association between COX-2 expression and grade in
bladder TCC (Ristimaki et al., 2001; Shirahama et al.,
2001; 2003a; 2003b; Wülfing et al., 2004; Margulis et
al., 2007). These contradictory results could be related
to different causes such as limited number of cases or
just selecting invasive bladder TCCs with grade 2 and 3
(Yamada et al., 2008; Naruse et al., 2010).
Our study failed to show any association between
COX-2 expression and any individual pathological stages
(Ta-T4b). This finding is consistent with some previous
studies (Komhoff et al., 2000; Wulfing et al., 2004; Yamada
et al., 2008; Naruse et al., 2010) and incompatible with
the others (Matsuzawa et al., 2002; Shariat et al., 2003b;
Wadhwa et al., 2005; Gurocak et al., 2006; Margulis et al.,
2007; Jang and Lee, 2009). We also investigated whether
there was any difference between muscle invasive tumors
(≥P T2) and non -muscle invasive ones (Ta-T1) in the
expression of COX-2, but we did not find any significant
difference. This result is opposed to some past reports
(Shirahama, 2000; Matsuzawa et al., 2002; Shariat et al.,
2003b; Jang and Lee, 2009; Mohamed and Mohamed,
2012). However, similar to our study, Ristimaki et al.
(2001) did not detect any significant difference in the rate
of COX-2 positivity between invasive and noninvasive
bladder TCCs.
Along with considering different stages and
grades of the bladder tumor, we also assessed several
clinicopathological characteristics in association with
COX-2 expression. To our knowledge, none of the
previous studies reported age as a parameter associated
with COX-2. In our study, there is a significant difference
between the mean age of COX-2 negative and positive
patients. However, because of their age range fall and
numerical proximity, this difference should have little
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or no pathological significance. We further showed that
both lymphatic and perineurial invasion were significantly
related to COX-2 expression. Although we did not find
any previous report about perineurial invasion and COX2 in our searches, there were few studies supporting our
finding on the association between lymphatic invasion and
COX-2 positivity (Shirahama et al., 2001; Margulis et al.,
2007). However, the others did not confirm it (Shariat et
al., 2003a; 2003b; Gurocak et al., 2006). In the present
study, no association was detected between lymph node
metastasis and COX-2 expression in accordance with
some previous reports (Shirahama et al., 2001; Shariat
et al., 2003b; Wulfing et al., 2004), although two studies
found this correlation (Margulis et al., 2007; Naruse et
al., 2010).
We also have some limitations in our study including
the low number of patients in LMP category and the
absence of cases with Insitu carcinoma. In addition,
because of our restrictions; we could not follow up the
patients.
Overall, the mentioned discrepancies in findings
of several studies may be related to different sample
sizes, selection of different cut off values for COX-2
expression, applying different antibodies and technical
methods and the use of different criteria for classification
of clinicopathological parameters.
In conclusion, as our study showed, COX-2 was
expressed in bladder TCC, especially high grade forms
which reveals that this marker can be involved in tumor
differentiation and may be induced in high grade bladder
TCC; however this need to be confirmed by further follow
up studies. Higher COX-2 expression which was detected
in specimens with perineurial and lymphatic invasion
also supported the role of this marker in cell motility
and invasion via down-modulation of some adhesion
molecules and activation of matrix metalloproteinases
(Pruthi et al., 2004; Meric et al., 2006). According to the
expression of COX-2 in our patients and the previous
reports on the effective role of selective COX-2 inhibitors
in human bladder cancer (Pruthi et al., 2004; Okamoto et
al., 2008; Dhawan et al., 2010), this marker could be a
valuable biological target in the evaluation and treatment
of patients with bladder TCC.
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