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Abstract
AIM: To perform a comparative analysis of clinicopatho-
logical correlations of cyclooxygenase-2 (COX-2) expres-
sion in pancreatic cancer, examined by monoclonal and 
polyclonal antibodies.

METHODS: The COX-2 expression in 85 resection spe-
cimens of pancreatic ductal adenocarcinoma was immu-
nohistochemically examined using both monoclonal and 
polyclonal antibodies. The final immunoscores were 
obtained by multiplying the percentage of positive cells 
with the numeric score reflecting the staining intensity. 

COX-2 expression levels were classified into three cate-
gories (0, 1+, and 2+) and the clinicopathological corre-
lations were statistically evaluated and analyzed.

RESULTS: The positive tumor expression rates of 
COX-2 were 80.5% using monoclonal antibody and 
69.4% using polyclonal antibody. In the Kaplan-Meier 
analysis, no significant correlations were found between 
levels of COX-2 expression and overall survival (OS), but 
trends to longer OS were found in COX-2 negative cases 
using monoclonal antibody. Significantly longer disea-
se free survival was revealed in COX-2 negative cases 
using monoclonal antibody (P  = 0.019). No correlations 
between COX-2 expression levels and grade (G), tumor 
(T) status and nodal (N) status were demonstrated. Low 
histological grade showed a strong association with a 
longer OS (P  < 0.001). Correlation of survival and T sta-
tus revealed a shorter OS in T3 tumors, but the results 
reached only marginal statistical significance (P = 0.070). 
In the multivariate Cox proportional hazards regres-
sion model, histological grade, T and N status remained 
valuable predictors of a worse survival with borderline 
significance for T [hazards ratio (HR) = 4.18 for G (if G 
= 3, P  < 0.001); HR = 1.64 for T (if T = 3, P  = 0.065); 
HR = 2.53 for N (if N = 1, P  = 0.006)]. Higher grade, T 
or N status was associated with a worse OS. 

CONCLUSION: The immunohistochemically assessed 
level of COX-2 expression does not seem to represent 
a valuable independent prognostic factor and is not 
superior to the conventional prognostic factors.
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INTRODUCTION
Invasive ductal adenocarcinoma is the most common 
neoplasm in the pancreas, constituting about 90% of  
all pancreatic tumors[1]. Pancreatic cancer represents the 
fourth leading cause of  cancer-related death among men 
and women in western countries[2,3]. Pancreatic cancer 
has no early warning signs and symptoms, so most pa-
tients present with advanced disease. Despite improved 
diagnostic and therapeutic modalities, pancreatic cancer 
still has a very poor prognosis. The incidence of  pan-
creatic cancer almost equals the mortality rate, and it has 
one of  the lowest overall 5-year survival rates (under 5%) 
among the epithelial cancers[4-6]. 

The currently accepted model of  the development of  
pancreatic ductal adenocarcinoma (PDAC) understands 
the oncogenesis of  this malignancy as a multistep process, 
characterized by the progression from the normal ductal 
epithelium through the spectrum of  duct lesions known 
as pancreatic intraepithelial neoplasia (PanIN) to invasive 
ductal adenocarcinoma[7,8]. PanINs represent precursor 
lesions of  ductal adenocarcinoma and their classificati-
on system distinguishes three grades of  PanINs, which 
harbor a number of  well-established molecular events 
including activation of  oncogenes, inactivation of  tumor 
suppressor genes, inactivation of  DNA mismatch repair 
genes, various epigenetic alterations, dysregulation of  
oncoproteins, and others[9-11]. Mediators of  inflammatory 
pathways [e.g. cyclooxygenase-2 (COX-2), nuclear factor-
κB (NF-κB), 5-lipooxygenase (5-LOX), interleukin-8 
(IL-8) etc.] are also known to play an important role in 
carcinogenesis of  pancreatic cancer and represent a key 
link between chronic inflammation and cancer[12-14]. Pro-
staglandin H2 synthase (COX) represents an enzyme 
which is involved in the conversion of  arachidonic acid to 
prostaglandins. Two COX isoforms, COX-1 and COX-2, 
have been identified to date[15]. COX-1 is constitutively 
expressed in many tissues, and is involved in prostaglan-
din synthesis under physiological conditions. COX-2 
is expressed under certain extracellular or intracellular 
stimuli, including mitogens, growth factors, proinflamma-
tory cytokines, hormones and infectious agents, and is a 
component of  cellular responses to inflammation. COX-2 
is overexpressed in many human solid tumors including 
pancreatic cancer[16,17]. Several studies have suggested a 
potential involvement of  COX-2 pathways in the regu-
lation of  tumor-associated angiogenesis and cell growth 
in pancreatic cancer. COX-2 has been demonstrated to 
inhibit apoptosis, promote cell proliferation and to induce 
the expression of  vascular endothelial growth factor[18-21]. 
COX-2 overexpression has been reported in 56% to 90% 

of  ductal adenocarcinomas[22]. A high level of  COX-2 
overexpression has also been described in PanIN lesi-
ons[23-25], and COX-2 was suggested as a potential therape-
utic target for chemoprevention and therapy of  pancreatic 
cancer[22,26].

A significant inverse relationship between COX-2 
overexpression and survival rates has been reported in 
retrospective studies of  different types of  malignanci-
es[27-32]. Conflicting results have been shown in pancreatic 
cancer[33-39] and the possible role of  primary antibody 
used for the detection of  COX-2 expression has been 
suggested[33,40]. Comparative analysis has not yet been 
performed. In our study the expression of  COX-2 in 
resectable pancreatic ductal adenocarcinomas was immu-
nohistochemically examined using both monoclonal and 
polyclonal antibodies, and analyzed and correlated with 
clinicopathological parameters.

MATERIALS AND METHODS
Study group and tissue specimens
The study group (summarized in Table 1) consisted of  
85 patients [41 males (48.2%) and 44 females (51.8%); 
median age 61 ± 9.5 years (range 39-85 years)] with 
resectable pancreatic cancer who had undergone pancre-
atectomy at the Faculty Hospital Brno and the Masaryk 
Memorial Cancer Institute between 2000 and 2006. 
Seventy eight patients underwent hemipancreaticoduo-
denectomy, 5 patients caudal pancreatectomy and 2 pa-
tients total pancreatectomy. No distant metastases were 
found at initial diagnosis (M0). Selected tumors were 
histologically confirmed to be invasive ductal adenocar-
cinomas of  the pancreas, and in all patients the formalin 
fixed paraffin embedded tissues were available for immu-
nohistochemistry. Grading of  tumor differentiation was 
done based on WHO criteria combining the judgment 
of  glandular differentiation including mucin production, 
mitotic count and nuclear features. Tumor staging was 
performed according to the International Union Against 
Cancer TNM System (the 6th edition). The follow-up 
was available for 75 patients, with five patients alive at 
the end of  the study. Survival data for the patients were 
obtained from the National Oncological Register of  
Czech Republic. Resection specimens were fixed in 10% 
neutral buffered formalin for 24 h and then embedded 
in paraffin. Hematoxylin-eosin (HE) staining of  tissue 
sections was used to identify representative samples with 
structures of  pancreatic invasive ductal adenocarcinoma 
(up to three tissue blocks for sectioning were selected 
for each individual PDAC case). These were selected for 
immunohistochemical (IH) analysis. 

Immunohistochemistry
The results of  IH analysis of  COX-2 expression using 
polyclonal anti-COX-2 antibody [rabbit polyclonal an-
tibody against COX-2 (H-62), dilution 1:50; Santa Cruz 
Biotechnology, Inc., Santa Cruz, California, USA] were 
retrieved from our previous study[38], in which the identi-
cal study population was examined. 
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In the present study, the COX-2 expression was eva-
luated using mouse monoclonal anti-COX-2 antibody 
(dilution 1:50, clone CX229; Cayman Chemicals, Ann 
Arbor, MI, USA). IH detection of  COX-2 was performed 
on 4 μm thick tissue sections applied to positively char-
ged slides. The sections were deparaffinized in xylene and 
rehydrated through a series of  alcohols. Antigen retrieval 
was performed in the lab microwave (Milestone, Sorisole, 
Italy) by heating in citrate buffer at pH 6.0 for 20 min at 
98℃. The slides were incubated with anti-COX-2 antibo-
dies overnight at 4℃. A streptavidin-biotin peroxidase de-
tection system was used for COX-2 IH using monoclonal 
antibody (mouse IgG Vectastain Elite Kit, Vector Labo-
ratories, Burlingame, California, USA). The visualization 
was performed using 3,3’-diaminobenzidine as a substrate 
(Fluca, Buchs, Swizerland). The slides were counterstained 
with Gill’s hematoxylin. 

Sections from COX-2 strongly positive colon carcino-
ma (immunoscore 2 - see explanation below) were used as 
positive controls for COX-2 IH in each run. Additionally, 
COX-2 immunoreactivity in islets of  endocrine pancreas 
served as an efficient internal positive control[23]. Nega-

tive controls of  COX-2 IH were performed by incubating 
samples without the primary antibody. 

Evaluation of immunostaining
At least three different representative high-power (× 400) 
fields of  tumor infiltration were examined. Cases with 
no stated minimal amount of  the representative tumor 
tissue available were excluded. For both monoclonal and 
polyclonal antibody COX-2 IH, the percentage of  posi-
tive cells was assessed, and the immunostaining intensity 
was classified into three categories: numeric score 0, no 
staining; numeric score 1, weak staining; numeric score 
2, moderate and strong staining. The final immunoscore 
was obtained by multiplying the percentages of  positive 
cells with the numeric score reflecting the staining inten-
sity. Immunoscores were categorized into three levels: 0 
(immunoscore < 20); 1 (immunoscore 20-49); 2 (immu-
noscore 50-200). In cases with heterogeneous expression 
of  COX-2, the average score was counted.

Statistical analysis
Association of  categorical parameters was analyzed and 
presented in contingency tables and tested using Pearson 
Chi-square test. Kaplan-Meier curves were constructed 
and median survival times were computed for survival 
data. Log-rank test was used to test differences between 
groups. Univariate and multivariate analyses of  survival 
data were performed using Cox regression model to eval-
uate the predictive value of  analyzed parameters (COX-2, 
histological grade, T status, N status). The level of  signifi-
cance was considered P < 0.05. All analyses were done 
using Statistica for Windows 8.0.

RESULTS
Patient, tumor and treatment characteristics, and levels 
of  COX-2 expression are summarized in Table 1. The 
immunohistochemical analysis of  COX-2 expression dis-
played considerable heterogeneity in staining intensity and 
percentage of  positive cells between and within individual 
PDAC cases. In cases with heterogeneous COX-2 expres-
sion within a lesion, the average immunoscore for such a 
case was counted. Using both monoclonal and polyclonal 
antibodies, the PDAC cells showed diffuse cytoplasmic 
patterns of  expression. Expression of  COX-2 (Figure 1), 
examined using monoclonal anti-COX-2 antibody, was 
revealed in 66 cases (80.5%); 27 tumors (32.9%) expressed 
COX-2 at 1+ level, 39 at 2+ level (47.6%), and 16 cases 
(19.5%) were COX-2 negative (in 3 samples, a sufficient 
amount of  neoplastic tissue was not available for IH ana-
lysis, and analysis of  COX-2 expression using monoclonal 
antibody was not performed). Results of  immunohis-
tochemical analysis of  COX-2 expression by polyclonal 
antibody were retrieved from our previous study[38] and are 
included in Table 1 [28 tumors (32.9%) expressed COX-2 
at 1+ level, 31 at 2+ level (36.5%), and 26 cases (30.6%) 
were COX-2 negative]. 

The median overall survival (OS) in the study popu-
lation was 1.3 years. There was no significant difference 
between OS in males and females (median OS 1.1 years 
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Table 1  Patient, tumor and treatment characteristics, and 
levels of COX-2 expression  (n  = 85)

n

Gender
   Male 41
   Female 44
Mean age (range) (yr) 61 ± 9.5 (39-85)
Location of tumor
   Head, body 80
   Tail   5
T category
   T1   6
   T2 29
   T3 50
N category
   N0 23
   N1 62
M category
   M0 85
   M1   0
Surgical procedure
   Pancreatoduodenectomy 78
   Caudal pancreatectomy   5
   Total pancreatectomy   2
Histological differentiation
   Well   8
   Moderately 54
   Poorly differentiated 23
No adjuvant therapy 30
Adjuvant therapy 33
Chemotherapy 23
Chemoradiotherapy 10
COX-2 expression with monoclonal antibody
   COX-2 negative 16
   COX 1+ 27
   COX-2+ 39
COX-2 expression with polyclonal antibody
   COX-2 negative 26
   COX 1+ 28
   COX-2+ 31

COX-2: Cyclooxygenase-2.
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in males vs 1.3 years in females; P = 0.143). Regarding 
nodal (N) status, N1 status was associated with shorter 
median OS (1.0 year in N1 group vs 1.5 years in N0 
group; P = 0.102). Median OS for patients with adjuvant 
therapy was 1.4 years, and for patients without adjuvant 
therapy 1.3 years. The median disease free survival (DFS) 
for patients with adjuvant therapy was 0.8 years, and for 
patients without adjuvant therapy 0.7 years. Differences 
did not reach statistical significance.

No correlations between the levels of  COX-2 expres-
sion (using both monoclonal and polyclonal antibodies) 
and the histological grade, T or nodal status were revealed.

In the Kaplan-Meier analysis, no significant correla-
tions were found between the levels of  COX-2 expres-
sion and OS (again using both polyclonal and mono-
clonal antibodies). However, trends to longer median 
OS were found in COX-2 negative cases (1.4 years in 
COX-2 negative vs 1.3 years in low expressors vs 1.0 in 
high expressors) using monoclonal antibody. 

Correlating the levels of  COX-2 expression and DFS; 
using polyclonal antibodies, trends to longer median DFS 
were found in COX-2 negative cases (1 year in COX-2 
negative vs 0.7 years in low expressors vs 0.5 years in high 
expressors), but these values were not significant (P = 
0.211); using monoclonal antibody, a statistically signifi-

cant correlation was found between COX-2 expression 
levels and DFS. Significantly longer DFS was revealed in 
COX-2 negative cases (median DFS 1.2 years in COX-2 
negative vs 0.9 year in low expressors vs 0.5 year in high 
expressors, P = 0.019) (Figure 2). 

Low histological grade showed a strong association 
with a longer OS (P < 0.001). Median OS for patients with 
grade 3 tumors was 0.7 years vs 1.6 years for grade 2 and 
1.8 years for grade 1. Correlation of  survival and T status 
revealed a shorter OS in T3 tumors, but the results rea-
ched only marginal statistical significance (P = 0.070). In a 
multivariate Cox proportional hazards regression model, 
histological grade (G), T, and nodal status remained valu-
able predictors of  a worse survival with borderline signifi-
cance for T [hazards ratio (HR) = 4.18 for G (if  G = 3, P 
< 0.001); HR = 1.64 for T (if  T = 3, P = 0.065); HR = 2.53 
for N (if  N = 1, P = 0.006)]. Higher grade, T or N status 
was associated with a worse OS. 

DISCUSSION
Immunohistochemistry has become an integral part of  
histopathological diagnosis and can also provide important 
data to predict clinical course of  the disease and potential 
therapeutic responsiveness. Thus, a validation of  useful-
ness of  different immunoprofiles and methodological ap-
proaches in predictive oncopathology is necessary. Based 
on a PubMed search, there are 7 papers[33-39] reporting 
the correlations between COX-2 expression and selected 
clinicopathological parameters, including survival rates, in 
pancreatic cancer. The possible role of  the COX-2 expres-
sion profile used as a prognostic factor for pancreatic duc-
tal adenocarcinomas is largely discussed. Five studies did 
not show any trends or statistically significant correlations 
between COX-2 expression and survival rates[35-39]. Our 
previous study[38] also did not show significant correlations 
between these parameters, although trends to longer DFS 
in COX-2 negative cases were demonstrated. Recently, 
Matsubayashi et al[34] reported that the COX-2 expression 
in patients with pancreatic ductal adenocarcinoma un-
dergoing a potentially curative pancreaticoduodenectomy 
is predictive of  survival, independent of  other known 
prognostic markers, particularly in cancers ≥ 3 cm. These 
results were supported by Juuti et al[33] who reported the 
expression of  COX-2 to be associated with poor outcome 
for pancreatic ductal adenocarcinoma, which was indepen-
dent of  tumor stage, grade, or age in multivariate analysis. 
Moreover, these results were obtained, even if  not only 
surgically resectable pancreatic cancers were included for 
analysis. Both Matsubayashi et al[34] and Juuti et al[33], who 
showed the significant correlation between COX-2 expres-
sion and clinical outcome, worked with mouse antihuman 
monoclonal antibodies. A discussion about the possible 
role of  the selected antibody has been initiated. Antigenic 
blocking experiments showed higher sensitivity but lower 
specificity of  polyclonal antibodies when compared with 
monoclonal antibodies[40]. The presented comparative 
analysis only partially supported the possible prognostic 
role of  COX-2 expression. Results retrieved from our 
previous study[38], in which rabbit polyclonal antibody was 
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Figure 1  Overexpression of cyclooxygenase-2 (COX-2) in pancreatic in-
vasive ductal adenocarcinoma with displayed perineural spreading of the 
tumor (COX-2 immunohistochemistry, original magnification, × 100).
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Figure 2  Kaplan-Meier disease free survival (DFS) curves for patients with 
resectable pancreatic cancer stratified by the level of COX-2 expression 
examined using monoclonal antibody. High expressors of COX-2 (2+, COX 
M2) had significantly lower survival curve than low expressors of COX-2 (1+, 
COX M1) or COX-2 negative cases (0, COX M0), P = 0.019.
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used, were completed with results obtained by examination 
of  COX-2 expression using the same mouse antihuman 
monoclonal antibody that was used in the studies of  Juuti 
et al[33] and Matsubayashi et al[34]. Using the monoclonal 
antibody, a significantly shorter DFS was found in patients 
with COX-2 positive tumors. Trends to shorter DFS in 
COX-2 expressors were only reported using the polyclonal 
antibody[38]. No significant results were obtained regard-
ing OS; the only trends to longer OS were demonstrated 
in COX-2 negative cases using monoclonal antibody. Our 
results do not sufficiently support the findings of  Juuti and 
Matsubayashi, even when the standardized protocols for 
immunohistochemical evaluation of  COX-2 expression, 
which should be preventive of  known technical and inter-
pretative pitfalls in immunohistochemistry, were used. Ex-
cept for the mentioned type of  antibody, the main factors 
potentially affecting immunohistochemical staining are the 
tissue processing, especially the type and length of  fixation, 
and antigen retrieval. All tissues included in the study were 
routinely fixed in 10% neutral buffered formalin for 24 h, 
and antigen retrieval was performed using a standardized 
protocol. To avoid the misinterpretation of  results, espe-
cially unspecific immunostaining, systems of  positive (both 
external and internal) and negative controls were used in 
each run. Based on our results, COX-2 expression does 
not seem to represent a valuable independent prognostic 
factor, even if  using the monoclonal antibody brought 
statistically significant results when correlating DFS and 
COX-2 expression levels and when trends to longer me-
dian OS were also demonstrated. 

Correlating the COX-2 expression with the level of  
tumor differentiation, no significant relationship was 
revealed between the level of  COX-2 expression and 
the histological grade of  the pancreatic cancer indepen-
dently of  the antibody used. These findings are in agree-
ment with previous studies[23,35,41]. Merati et al[36] described 
increased expression of  COX-2 in well differentiated 
ductal adenocarcinomas, but this trend was not observed 
in our study group, and the proposed role of  COX-2 in 
carcinogenesis of  pancreatic cancer remains puzzling. 

The routinely used grading of  the histological dif-
ferentiation of  tumors and evaluation of  T and N status 
were proven to represent efficient prognostic factors. 
Higher grade of  the tumor and N1 status were signifi-
cantly associated with a shorter survival in patients with 
resectable pancreatic cancer. T3 status was associated 
with shorter survival only with marginal significance. 

In conclusion, based on these presented results and 
the previously published data, an immunohistochemical 
assessment of  COX-2 expression is not superior to the 
conventional prognostic factors such as tumor histologi-
cal grade, stage, and nodal status. The possible role of  
COX-2 in potential targeted therapy and chemopreven-
tion of  pancreatic cancer using COX-2 inhibitors remain 
as unanswered questions and need further evaluation. 
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