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Introduction

Colorectal cancer (CRC) is a major cause of mortality 
and morbidity worldwide, being the third most common 
malignant tumors in the world (Jemal et al., 2011), 
(Sameer et al., 2010). It results from both genetic and 
environmental factors and their interactions (Fatemi et 
al., 2010). In the last few years there have been many 
studies on the mechanisms involving the carcinogenesis 
of colorectal cancer. Inflammatory process and genetics 
play the key role in neoplasia of colorectal cancer .The 
identification of an enzyme COX-1 and COX-2, catalyzing 
fatty oxidation as rate limiting step in the progress from 
normal cell growth through hyperplasia or to neoplasia has 
opened up a whole new field of cancer search (Dempke 
et al., 2001). COX -1 and COX-2 catalyze the first stage 
in the oxidation of arachidonic acid to 

prostaglandin (Karahan et al., 2007). Prostaglandin 
E(2) increases colon carcinogenesis through induction of 
cell proliferation and reduction of apoptosis (Kawamori 
et al., 2003). The majority of the colorectal cancers are 
derived from adenomas (Wu et al., 2003). It has been 
hypothesized that the up regulation of COX-2 prolongs 
the survival of abnormal cells and thereby favors the 
accumulation of sequential genetic changes, which 
increases the risk of tumorigenesis (Dempke et al., 2001). 
However, the over-expression of COX-2 protein in 
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Abstract

	 Background: The aim of this study was to evaluate cyclooxygenase-2 (COX-2) immunoreactivity in colorectal 
adenocarcinomas and to find correlations with different pathological features. Materials and Methods: This 
study included 35 cases of colorectal carcinoma foir which surgical colectomy specimens were collected. 
Immunohistochemical staining of COX-2 (cyclooxygenase-2) is done by using the Streptavidin-biotin technique. 
Results: This work reveals that COX-2 is positive in most cases of colorectal carcinoma and negative in normal 
colon tissue with statistically non significant relations between COX-2 immunostaining and different pathological 
features. Conclusions: Our data suggest over expression of COX-2 protein in colorectal carcinoma in contrast 
to normal mucosa, with a possible role in cell proliferation in carcinogenesis. 
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colorectal cancers is likely to occur via several different 
mechanisms involving complex signaling pathways, 
since transformed epithelial cells and stromal cells, 
such as mononuclear cells, fibroblasts, endothelial cells 
and smooth muscle cells have been shown to express 
increased levels of COX-2 (Sonoshita et al., 2002).
COX2 is closely involved in the carcinogenesis process 
and is over expressed in adenocarcinoma in contrast 
with non-cancerous mucosal regions in colon cancers 
and gastric cancers (Tsujii et al., 1998). It is involved 
in a variety of important cellular functions, including 
cell growth and differentiation, cancer cell motility and 
invasion, angiogenesis and immune functions (Dempke 
et al., 2001). The role of angiogenesis is very important 
in colorectal cancer and cancercyclooxygenase-2 is a 
significant angiogenic factor in colorectal cancer tissue 
(Zhou et al., 2012). Cox-2 is expressed highly in 80-90% 
of colorectal adenocarcinoma mostly within the neoplastic 
epithelial cells (Zhang et al., 2002), (Tomozawa et al., 
2000). Selective inhibition of Cox-2 reduces colorectal 
cancer in different models of carcinogenesis (Tuynman  
et al., 2005).

Materials and Methods

The study involved thirty five cases of colectomy 
specimens for human colorectal carcinoma that were 
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obtained from pathology department, faculty of medicine, 
Cairo University during the period from March 2006 up to 
May 2007. Gross examination of each specimen was done 
to confirm its site, maximun gross diameter, infiltrating 
depth in the colon, its shape whether fungating, ulcerating 
or annular.

Sections were taken from the tumor avoiding the 
areas of hemorrhages and necrosis. The state of lymph 
node metastasis was obtained from the pathology report 
of each case.

Sections were fixed in 10% buffered formalin, 
dehydrated, cleared and embedded in paraffin wax 
according to routine processing procedures. Two sections 
(4µ thick) were then prepared from it to be stained with 
Hematoxylin and Eosin for histopathologic examination 
and Immunohistochemical staining by COX-2, using 
monoclonal rabbit anti-human antibody (anti-Cox2, Lab 
vision, USA, Cat#RB-9072), using ultra vision detection 
system (HRP/DABh, Lab vision, USA).

The local NHS Research Ethics Committee provided 
a favorable ethical opinion (Ref: 02/104).

Immunohistochemistry
Paraffin-embedded, 4µ thick tissue sections from all 35 

specimens were cut. The sections were deparaffinized in 
xylene and rehydrated through graded alcohols. Sections 
were processed using streptavidin- biotin-per-oxidase 
method. Briefly blocking endogenous peroxidase by 
1.5% hydrogen peroxide in methanol for 15 minutes 
followed by Tris buffer solution (TBS) wash. Non-specific 
immunoreactivity was blocked by incubationl goat serum 
for 20 minutes. 2-3 drops of cox2 antibody (diluted 1/200) 
was placed on each slide.

The slides were incubated for 45 minutes at room 
temperature in humid chamber. After tapping off excess 
reagent the slides were rinsed for 5 minutes. 2-3 drops 
of secondary antibody (biotinylated polyvalent) diluted 
in TBS were placed on each slide. The slides were 
incubated in a humidity chamber at room temperature for 
15 minutes. Then slides were rinsed for 5 minutes in PBS, 
this procedure was repeated twice. Slides were incubated 
with Streptavidin enzyme label were placed on each slide 
and incubated for 15 minutes at room temperature in the 
humidity chamber; the slides were rinsed twice for 5 
minutes in PBS. Incubated with a prepared chromogenic 
substrate solution for 15 minutes. Sections were 
counterstained with Mayer’hematoxyline for 1 minute 
then washed with water for 5 minutes. Sections were 
dehydrated and mounted in Depax.

All sections were examined for the grade of CRC: 
I, II, or III (including III, IV for simplicity) according 
to (Smyrk 2002). Figure 1 and Figure 2 depicts grade 
1 and grade 3 of colorectal carcinoma respectively. The 
staging of carcinomas was done according to Dukes’ 
classifications and presence or absence of vascular and 
perineural invasion by the tumor.

Positive immunoreactivity to COX-2 gives a brown 
cytoplasmic staining to tumor cells and not to the normal 
mucosal cells (Figure 3, 4). The entire tissue section 
was scanned to assign the scores. The staining intensity 
was scored as 0 (negative), 1 (weak), 2 (medium), and 3 

(strong). Extent of staining was scored as 0 (0%), 1 (1to 
25%), 2 (26 to 50%), 3 (51 to75%) and 4 (76 to 100%) 
according to the percentages of the positive staining areas 
in relation to the whole carcinoma area. The sum of the 
intensity and extent score was used as the final staining 
score (0 to 7), tumors having a final staining score of > 
or equal 3 were considered to be positive (Soumaoro et 
al., 2004).

Results were analyzed statistically using Fisher exact 
and chi square tests at a fixed significance level of 0.05.

Results 

COX-2 immunostaining in the studied cases were 
positive in most of cases (77% of them) and negative in 
only 23% of cases. Regarding the histological grading, 
Grade II is the commonest grade in the studied colorectal 
adenocarcinoma cases (51.4%) Table (4). The relation 
between COX-2 positivity and histological grade is 
statistically insignificant. The commonest location of 
the tumor in studied cases is the rectum and left side 
representing 43% of cases (Table 1). There is insignificant 
relationship between COX-2 immunostaining and site, size 
and gross appearance of the tumor (where most of cases in 
all sites are positive for COX-2).The results of correlation 
of COX 2 immunoreactivity to site, gross appreance, 
size, histological grade, lymph node involvement, Duke’s 

Figure 1. Colorectal Carcinoma Grade 1 (H&E x 40)

Figure 2. Colorectal Adenocarcinoma Grade III (H& 
E x 200)

Figure 3. Grade I Colorectal Adenocarcinoma. Note 
diffuse brown cytoplasmic staining denoting Cox-2 positivity 
(Immunoperoxidase, DABx40)

Figure 4. Colorectal Adenocarcinoma with Mucoid 
Activity. Note brown cytoplasmic staining of Cox-2; 
(immunoperoxidase, DAB x200)



Asian Pacific Journal of Cancer Prevention, Vol 15, 2014 6789

DOI:http://dx.doi.org/10.7314/APJCP.2014.15.16.6787
Correlation between COX-2 Immunoreactivity and Pathological Features in Colorectal Adenocarcinoma

staging, vascular invasion and perineural invasion are 
consolidated in Tables 1 to 8 respectively.

Discussion

Positive immunoreactivity to COX-2 is detected by 
brown cytoplasmic staining in tumor cells of positive 
cases, we have also detected COX-2 immunoreactivity 
in stromal cells such as mononuclear cells, fibroblasts, 
endothelial cells, and smooth muscle cells. There is 
insignificant relationship between COX-2 immunostaining 
and site, size and gross appearance of the tumor (where 
most of cases in all sites are positive for COX-2). Similar 
results were reported by (Tomozawa et al., 2000),after 
working on 63 patients with advanced colorectal cancer; 
in which COX-2 positivity appear in all cases examined; 
found that there was no significant correlation between 
COX-2 expression and tumor location, age, sex, tumor 
size, histological type, depth of invasion, lymphatic or 
venous invasion, lymph-nodemetastasis. According to 
(Soumaoro et al., 2004) 51 % of histological grading 
belongs to Grade II in the colorectal adenocarcinoma cases 
this result is similar to our work. The relation between 
COX-2 positivity and histological grade is statistically 
insignificant, many studies agreed with this. According 
to the study (Fux et al., 2005) the immunohistochemical 
assessment, COX-2 expression in tumor epithelial cells 
was not related to grade, stage of tumor, node metastasis 
or recurrence. Similar to these results were (Kim et al., 
2004). There was no significant statistical correlation, 
relating COX-2 to Dukes’ staging. 

The correlation between COX-2 immunoreactivity 
and lymph nodes involvement is statistically insignificant, 
as most of positive cases for lymph nodes involvement 
(79% of them), and negative cases (75% of them) were 
positive for COX-2 immunostaining. In agreement with 
(Joo et al., 2007) as COX-2 protein was detected in 
70% (42/60 of cases) of colorectal carcinoma tissues. 
However, No significant correlation was found between 
COX-2 expression and various clinicopathological 
parameters including lymph node metastasis, histological 
grade, tumor size, depth of invasion, distant metastasis, 
or stage of tumor and this agreed also with (Kim et al., 
2004). COX-2 positivity was not significantly related 
to presence of vascular invasion or Perineural invasion. 
Also (Al-Maghrabi J et al., 2012) revealed that there was 
no significant correlation between COX-2 expression 
and sex, age, grade or tumor location. However they 
found significant correlation with tumor stage and distant 
metastasis. (Elzagheid et al., 2013) found that there was 
no significant correlation with age, gender, tumor grade or 
lymph node status. However, univariate survival analysis 
of metastases showed borderline association with COX2 

Table 1. Correlation of COX-2 Immunoreactivity to 
the Site of the Tumor in the Large Intestine
Site	 COX2 ve+	 COX2 ve-	 Total

Right side	 7(63.6 %)	 4 (36.4%)	 11
Transvrse clolon	 7(77.7)	 2 (22.3%)	 9
Left side & rectum	 13(86.7%)	 2 (13.3%)	 15
Total	 27(77%)	 8(23%)	 35
Chi square 1.912, D.F. 2, p= 0.3845, not significant

Table 2. Correlation of COX-2 Immunoreactivity to 
the Gross Appearance of the Studied Cases
Gross	 COX2 ve+	 COX2 ve-	 Total

Fungating	 17(81%)	 4(19%)	 21
Ulcerating	 8(73%)	 3 (27%)	 11
Annular	 2(67%)	 1(33%)	 3
Total	 27(77%)	 8(23%)	 35
*Chi square 0.481, D.F . 2, P= 0.7862, not significant

Table 3. Correlation of COX-2 Immunoreactivity to 
the Size of the Studied Case
Size in maximum diameter (cm)	 COX2 ve+	 COX2 ve-	 Total

Up to 5	 15 (71.4%)	 6 (28.6%)	 21
More than 5-10	 9 (82%)	 2 (18%)	 11
More than 10	 2 (66.7%)	 1 (33.3%)	 3
Total	 27 (77%)	 8 (23%)	 35
Chi square 1.758, D.F. 2, P= 0.4152, not significant

Table 4. Correlation of COX-2 Immunoreactivity to 
the Histological Grade of the Studied Cases
Grade	 COX2 ve+	 COX2 ve-	 Total

I	 5 (71%)	 2(29%)	 7
II	 12 (67%)	 6 (33%)	 18
III	 10 (100%)	 0	 10
Total	 27(77%)	 8(23%)	 35
Chi square 1.912, D.F. 2, p= 0.3845, not significant

Table 5. Correlation of COX-2 Immunoreactivity to 
The Lymph Nodes Involvement In The Studied Cases
LNS	 COX2 ve+	 COX2 ve-	 Total

+ve	 15(79%)	 4(21%)	 19
-ve	 12 (75%)	 4 (25%)	 16
Total	 27(77%)	 8 (23%)	 35
Fisher exact test, p=0.5475, not significant

Table 6. Correlation of Cox-2 Immunoreactivity to the 
Duke’s Stage of The Studied Cases
Stage	 COX2 ve+	 COX2 ve-	 Total

A	 0	 0	 0
B	 12 (80%)	 3 (20%)	 15
C	 15 (79%)	 4 (21%)	 19
D	 0	 1(100%)	 1
Total	 27(77%)	 8(23%)	 35
Chi square 3.48, D.F. 2, p=0.1756, not significant

Table 7. Correlation of COX-2 Immunoreactivity to 
Vascular Invasion in the Studied Cases
Vascular invasion	 COX2 ve+	 COX2 ve-	 Total

Positive	 3 (75%)	 1(25%)	 4
Negative	 24 (77.4%)	 7(22.6%)	 31
Total	 27(77%)	 8 (23%)	 35
Fisher exact test p=0.6648, not significant

Table 8. Correlation of Cox-2 Immunoreactivity to the 
Duke’s Stage of The Studied Cases
Perineural invasion	 COX2 ve+	 COX2 ve-	 Total

Positive	 2 (100%)	 0	 2
Negative	 25 (76%)	 8 (24%)	 33
Total	 27 (77%)	 8 (23%)	 35
Fisher exact test p=0.5899, not significant
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expression in that patients with metastases with COX2-
positive tumors were alive for shorter periods of time 
compared with patients whose tumors had no COX2 
expression but they concluded that COX-2 expression has 
shown a significant correlation with tumor stage. 

(Zhang H and Sun XF, 2002) were unable to find any 
relationship of COX-2 with patient age, sex, tumor growth 
pattern, apoptosis, and patient survival but COX-2 was 
related to proliferative activity, tumor location, Dukes’ 
stage, and differentiation. These results further support the 
evidence that COX-2 may be involved in tumorigenesis 
and development of colorectal cancer.

 Latest study conducted by (Xu YS et al., 2014) 
supports that cyclooxygenase-2 promoter 765G/C 
polymorphism plays no significant role in developing 
colorectal cancer. 

Since the last decade several studies have been done 
to prevent and treat the colorectal cancer. The study done 
by (Harris RE, 2007) confirmed that COX-2 blockade 
is effective for both cancer prevention and therapy. It 
has been reported MMPs are linked to COX-2-mediated 
carcinogenesis (Manal Ali Shalaby et al., 2014) therefore 
MMP2 regulatory polymorphisms could be considered 
as protective mechanism. According to (Christudoss P 
et al., 2013) the use of aspirin, vitamin C and zinc have 
chemoprotective role against   progression of colonic 
carcinoma. It is suggested  by   ( Fatemi SR et al., 2010) 
that there is an increased risk of developing colorectal 
cancer among  first-degree relatives of patients with 
colorectal cancer. The use of NSAID regulate gene 
expression Of COX -1 and COX-2, hence it has a chemo 
preventive activity (Bottone FG Jr et al., 2004).

In conclusion, the presences of COX-2 protein over 
expression in colorectal carcinoma in contrast with 
normal mucosa suggest that COX-2 may play a role in 
cell proliferation in carcinogenesis.

There was no association between COX-2 expression 
and the clinicopathological features shown, as there was 
no significant correlation between COX-2 expression and 
tumor size, tumor location, gross picture, histological type, 
venous or Perineural invasion, lymph node metastasis and 
Dukes’ classification.
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