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ABSTRACT
Background: Esophageal cancer is the third most common cancer in Iran. Neoadjuvant chemoradiotherapy (NCRT) is the appropriate 
treatment for esophageal cancer.

Aim: This study investigated the expression of cyclooxygenase (COX)‑2 enzyme in normal and tumoral tissues before any treatment 
in patients with esophageal cancer, this study also assessed the effect of NCRT on the expression of COX‑2 enzyme in normal and 
tumoral tissue in samples derived by surgery furthermore, and this study investigated the relationship between expression of COX‑2 
enzyme and the pathologic tumor regression grade (PTRG) patients.

Materials and Methods: In this study, a total of 120 patients admitted to Omid Hospital, Imam Reza Hospitals, and Reza‑Mashhad 
Medical Center, who were treated with NCRT, were recruited and the expression of the COX‑2 enzyme in normal and tumoral tissues was 
assessed by immunohistochemistry before and after treatment by an expert pathologist between zero and 300. PTRG was determined 
by a pathologist after treatment.

Results: The mean levels of COX‑2 expression, obtained from tumoral and normal tissue baseline biopsy in patients, were 177.69 
and 64.29, respectively, while in surgical specimen were 177.25 and 49.84, respectively. A significant association was found 
between PTRG of surgical specimen and COX‑2 expression in normal tissue (baseline biopsy) at diagnosis (P = 0.034).

Conclusions: The results indicated that expression of COX‑2 in tumoral tissues exceeds the expression of COX‑2 in normal tissue of 
the baseline biopsy. Patients with a high expression of COX‑2 in baseline tumor biopsies had less response to treatment of pathology 
compared to patients with lower expression of COX‑2 in baseline tumor biopsies.
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INTRODUCTION

Cancer is one of the most common causes of death 
in the world, and so far, no cure has been found. At 
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present, patients suffering from cancer are divided 
into two groups of radical treatment and palliation, 
according to the type and stage of the disease. 
A significant number of patients with esophageal 
cancer are in metastatic stage at diagnosis.[1] Only 
one in every five patients with esophageal cancer 
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survives for 3 years after the initial diagnosis.[2] The treatment 
includes surgery, chemotherapy, radiotherapy, or a combination 
of them. The superiority of concurrent chemoradiotherapy to 
radiation alone or alternative radiotherapy and chemotherapy 
is proven. Esophageal cancer is the fourth common malignancy 
in the world. Based on the report of the documented cases of 
cancers in 2006, esophageal cancer was present in 10.99% of 
the registered cancer cases and was the fifth most common 
cancer in Iran.[3] Esophageal cancer is the second most common 
cancer after gastric cancer in the North and North East of 
Iran.[4] The standard treatment for patients with esophageal 
cancer includes surgery, chemotherapy before or after surgery, 
and subsequent chemotherapy.[5] Neoadjuvant chemotherapy 
is preferable in patients with esophageal cancer, due to 
higher pathologic tumor regression grade (PTRG), it’s easier 
resection, reduced the risk of toxicity, better functional results, 
tolerance of the patient, and PTRG.[6] Cyclooxygenase (COX) is 
an enzyme which catalyzes the synthesis of prostaglandins 
from Arachidonic acid.[1] COX is a key enzyme in prostaglandin 
synthesis. In addition, it is an inducing enzyme in inflammation 
cases and cancerous tissues.[7,8] COX‑1 exists in tissues and is 
responsible for the synthesis of prostaglandins, which acts in 
physiologic function (for example maintains the colon mucosa), 
but COX‑2 is more involved in inflammations, regulation 
of cell growth, apoptosis, and angiogenesis. COX‑2 is not 
found in most normal tissues but exists in premalignant and 
malignant cells.[5] Furthermore, COX‑2 plays an important 
role in carcinogenesis and is involved in inflammation 
process and cancer cell growth as an effective enzyme in the 
synthesis of prostaglandins.[2,9] Basically, it is present in 60% 
of esophageal cancers. COX‑2 overexpression is associated 
with more aggressive tumor behavior, worse prognosis, and 
more malignant tumor characteristics.[10] The expression of 
this enzyme may be associated with improving treatment 
outcomes which have been reviewed in this study. Table 1 
shows the different studies on COX‑2 enzyme expression in 
different types of cancers and identifies that its expression 
is positive and high in most cases.[24] Thus, COX‑2 activation 
and overexpression in various cancers might be attributed 
to the over‑reproduction of tumor cells, the need for more 
angiogenesis for replication process, and transfer of oxygen 

and nutrients to the cells, which can be proven by assessing 
esophageal cancer cells.[25] The overexpression of COX‑2 
induces tumor genesis in animal models and the deletion 
of COX‑2 gene suppressed the tumor progression in mice 
that are prone to intestinal neoplasia.[26] Its expression can 
be upregulated in the early stages of epidermoid carcinoma 
of the esophagus, and inhibiting the COX‑2 function has an 
impact on cancer cell proliferation and tumorification in 
hairless mice.[18] Shamma et al. found that the expression of 
COX‑2 is upregulated in the epithelial cells of the esophageal 
dysplasia and neoplasia.[15] Epithelial expression of the COX‑2 
protein is diagnosed as benign in 75% of cases  (15 out of 
20 cases), with low‑grade dysplasia in 83% (ten out of 12 cases), 
and with high‑grade dysplasia or adenocarcinoma in 100% 
of the cases.[27] To clarify the role of COX‑2 in esophageal 
cancer, COX‑2 expression in normal squamous epithelial 
cells, squamous epithelial dysplasia (n = 47), and esophageal 
squamous cell carcinoma  (SCC)  (n  =  86) were evaluated 
by immunohistochemistry, using reverse transcription by 
polymerase chain reaction and Western blot techniques. 
Expression of COX‑2 increased significantly in esophageal 
squamous dysplasia and SCC compared to the normal 
squamous epithelium.[17]

Objectives
In a malignant tumor, in which cells have been transformed from 
their natural form, the specific characteristics of tumor cells 
are the abnormal cell division (high mitosis and abnormality). 
The activation of certain enzymes results in the abnormal 
cell division and growth. In some cases, these enzymes are 
overexpressed in tumor cells whereas they are inactive in normal 
status of the cell. The expression of these enzyme changes during 
treatment (chemotherapy, radiotherapy, or their combination). 
In some cases, new enzymes are activated or their expression 
is increased to repair the cancerous tissues.[24] Increased COX‑2 
results in oxygenation that causes the production of free radicals 
and prostaglandin, thereby inducing mutations. Prostaglandin 
also increases tumor angiogenesis and its invasiveness.[7,11] 
One of the findings on cancer cells is the high expression 
and activation of COX‑2 enzyme, which is inactive in normal 
cells or has low expression, and as such, this enzyme leads 

Table 1: Expression of the cyclooxygenase-2 enzyme

First author Publication year COX-2 expression Cancer type
Wilson[11] 1998 Positive Barrett’s esophagus
Ratnasinghe[12] 1998 Positive Esophageal carcinoma
Zimmermann[13] 1999 Positive Esophageal carcinoma
Shirvani[14] 2000 Positive Barrett’s esophagus and adenocarcinoma
Shamma[15] 2000 Very high Squamous carcinogenesis of the esophagus
Zhang[16] 2003 70% Malignant esophageal glandular
Yu[17] 2003 High Squamous dysplasia and squamous cell 

carcinoma of the esophagus
Zhi[18] 2006 90% Esophageal squamous cell carcinoma
Antonarakis[19] 2009 High Prostate cancer
Schrage[20] 2010 High Chondrosarcoma
Al-Maghrabi[21] 2012 56.40% Colon cancer
Miladi-Abdennadher[22] 2012 65.70% Colorectal
Mandic[23] 2014 71% Cervical cancer
COX-2=Cyclooxygenase-2
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to tumor and the malignant phenotype of tumor cells with 
five mechanisms: [10] (1) Inhibition of apoptosis, (2) increased 
angiogenesis,  (3) increased invasiveness,  (4) modulation of 
inflammation/immunosuppression, and  (5) conversion of 
procarcinogens to carcinogens. One study was carried out to 
assess the process of COX‑2 in cultured cells of head and neck SCC 
and the results showed that the expression of this enzyme had 
a significant increase in cancer cells compared to normal cells.[8] 
This study investigated the expression of the COX‑2 enzyme 
in normal and tumor tissues before and after neoadjuvant 
chemoradiotherapy (NCRT) in patients with esophageal cancer in 
Razavi Khorasan Province, Iran; moreover, it assessed the effect 
of NCRT on the expression of the COX‑2 enzyme in normal and 
tumor tissue in surgical samples of patients. Furthermore, the 
significance of the relationship between the expression of COX‑2 
enzyme and PTRG in patients has been investigated.

MATERIALS AND METHODS

This study is a clinical trial on 120 patients with esophageal 
carcinoma SCC who referred to Omid Hospital, Imam Reza 
Hospital, and Reza Radiotherapy Oncology Center from 
2011 to 2014. The patients who were included in this study 
shared all the following criteria:  (1) Primary esophageal 
carcinoma of SCC type (epidermoid carcinoma), (2) absence of 
distant (metastases to other organs) or regional (lymphatic 
of the chest, and neck and celiac) metastases, (3) maximum 
age of 70  years,  (4) Karnofsky score of 70% and over for 
performance status, (5) hematologic status and the primary 
performance of liver and kidney as white blood cell ≥4000, 
absolute neutrophil count  ≥1500, platelet  ≥100,000, 
Hgb ≥10, and the normal range for creatinine and bilirubin, 
and (6) performing esophagectomy on patients and obtaining 
samples. Patients who suffered the following conditions were 
disregarded in the present study.
1. Concurrent cancers except nonmelanoma skin cancers
2. Noncancer esophageal diseases  (especially major heart 

and lung disease)
3. Nonthoracic esophageal disease (cervical esophagus)
4. Tracheoesophageal fistula.

In this study, a total of 120 patients’ information and samples 
were collected and the expression of the COX‑2 enzyme was 
measured in normal and tumoral tissues before and after 
treatment protocols by immunohistochemistry.

Treatment protocol
Radiotherapy was performed with Cobalt‑60 machine or linear 
accelerator with an energy of 6 MV or more with two field 
techniques (anterior and posterior), including primary tumor 
with distal and proximal longitudinal margin of 5 cm and 
lateral margin of 2 cm. In the cases of esophagus involvement 
in the upper third of the inferior neck and supraclavicular 
lymphatic, both sides were placed in the field. Moreover, in 
the cases of thoracic esophageal involvement in the lower 
third  (or middle third with the lesion  >5  cm) and celiac 

lymphatic (below the first lumbar vertebra L1), both sides were 
placed in the treated field. Radiation was performed using the 
usual techniques as follows: 5000 total cGY/250cGy/fraction/1 
fraction/day/5  days/week and 4000 total cGY/200cGy/
fraction/1 fraction/day/5 days/week. Concurrent chemotherapy 
with radiotherapy was performed during the first and last 
weeks and included 24 h continuous infusion × 4 day 5FU 
700 mg/m2/day cisplatin 20 mg/m2/day × 4 days; therefore, 
the patient needs to be hospitalized.

Surgery was performed 3–4  weeks after the completion 
of chemoradiotherapy. Three weeks after surgery, 
the patient underwent 3–4  cycles of chemotherapy, 
including 5FU 425 mg/m2/day × 3‑day bolus, and cisplatin 
25 mg/m2/day × 3‑day bolus. A 4‑week interval between each 
surgery and chemotherapy is necessary.

Immunohistochemistry method
Formalin‑fixed and paraffin‑embedded specimens of the 
primary tumor were serially sectioned at 4 μm thickness. 
Sections were deparaffinized and microwaved in 0.01 mol/l 
sodium citrate buffer  (pH  6.0) for antigen retrieval. 
Immunostaining was performed using a mouse monoclonal 
IgG1 specific for COX‑2  (dilution 1:50; Novocastra, Leica 
Biosystems Newcastle, UK). The pathological slides were 
incubated at room temperature for 30  min and then 
incubated with a secondary rabbit anti‑mouse or rabbit 
anti‑goat antibody conjugated with peroxidase  (DAKO). To 
intensify the staining reaction, sections were also incubated 
with a tertiary goat anti‑rabbit peroxidase‑conjugated 
antibody  (DAKO, Duiven, The Netherlands). Finally, the 
antibody‑binding sites were visualized by incubating the slides 
in a 3‑amino‑9‑ethyl‑carbazole solution (Sigma Chemical Co., 
St. Louis, MO, USA), the substrate for peroxidase. The sections 
were then counterstained with H and E staining. Negative 
controls were provided by the omission of antibody from 
the same tissue specimens. For positive controls, a section 
of colonic carcinoma known to express COX‑2 protein was 
included before each session of scoring tumor specimens.

Staining intensity and immunoreactive score
Staining in tumor tissue was visually scored and quantified. 
However, staining intensity of COX‑2 was scored on a 
scale (0–3): 0 (no staining), 1+ (weak), 2+ (moderate), and 
3+  (high). The quantification of COX‑2 positive cells was 
determined on the basis of at least ten representative fields 
of 0.125 mm2 (×500). Slides were blindly and independently 
evaluated at different times by a single pathologist without the 
knowledge of the patient’s background and clinical data. The 
total immunoreactive score (IRS) was calculated by multiplying 
the staining intensity by the percentage of tumor staining and 
could lie between 0 (minimum) and 300 (maximum). Based on 
statistical analysis, IRS scores below 3 were defined as COX‑2 
low while IRS scores of 3 and higher were defined as COX‑2 
high [Figures 1‑4].
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PTRG in samples was assessed by a pathologist from the 
surgical specimen and was reported as Grades 1‑5. Grade I 
was considered complete PTRG, Grade II as good, Grade III 
as medium, Grade IV as weak, and Grade V as no PTRG. The 
results of PTRG of samples are shown in Table 2.

RESULTS AND FINDINGS

The mean levels of COX‑2 expression in tumoral and normal 
tissue (baseline biopsy) of patients were 177.69 and 64.29, 
respectively [Figure 5] while in surgical specimen were 177.25 
and 49.84, respectively [Figure 6].

The mean expression of COX‑2 of the tumor was 178.9 in 
patients who had completed PTRG and 196.6 in patients 
who had weak PTRG. Furthermore, other mean levels of 
COX‑2 expression are given as follows. In tumor tissue 
(baseline biopsy), the mean level was 175.29 in women and 
179.55 in men. In tumor tissue (baseline biopsy), the mean 
level was 177.69 in all patients. In normal tissue (baseline 
biopsy), the mean level was 66.25 in women and 62.63 in 
men. In normal tissue (baseline biopsy), the mean level was 

64.29 in patients. In tumor tissue (surgical specimen), the 
mean level was 167.65 in women and 184.35 in men, while 
in tumor tissue  (surgical specimen), the mean level was 
177.25 in patients. In normal tissues (surgical specimen), 
the mean level was 46.54 in women and 52.22 in men. In 
normal tissue (surgical specimen), the mean level was 49.84 
in patients.
• The most frequent expression of COX‑2 in tumor 

tissue (baseline biopsy) was observed within the range of 
200–250:
• 100% of patients had a positive COX‑2 expression in 

tumor tissue (baseline biopsy)
• 95% of patients had over 100 COX‑2 expressions in 

tumor tissue (baseline biopsy)
• 64% of patients had over 200 COX‑2 expressions in 

tumor tissue (baseline biopsy)
• The most frequent expression of COX‑2 in normal 

tissue (baseline biopsy) was in the range of 50–100:
• 81% of patients had a positive COX‑2 expression in 

normal tissue (baseline biopsy)
• 5% of patients had over  100 COX‑2 expressions in 

normal tissue (baseline biopsy)

Figure 1: Strong (+++) and diffuse (about 90%) cytoplasmic expression 
of cyclooxygenase-2 in tumoral cells. H score = 270 (×400)

Figure 2: Strong (+++) and diffuse (about 90%) cytoplasmic expression 
of cyclooxygenase-2 in tumoral cells. H score = 270 (×100)

Figure 3: Weak (+) and focal (about 10%) cytoplasmic expression of 
cyclooxygenase-2 in normal cells. L score = 10 (×400)

Figure 4: Moderate (++) and focal (about 20%) cytoplasmic expression 
of cyclooxygenase-2 in normal cells. L score = 40 (×400)
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• 2% of patients had over  200 COX‑2 expressions in 
normal tissue (baseline biopsy)

• The most frequent expression of COX‑2 in tumor 
tissue (surgical specimen) was observed in the range of 
200–250:
• 100% of patients had a positive COX‑2 expression in 

tumor tissue (surgical specimen)
• 88% of patients had over 100 expressions of COX‑2 in 

tumor tissue (surgical specimen)
• 48% of patients had over 200 expressions of COX‑2 in 

tumor tissue (surgical specimen)
• The most frequent expression of COX‑2 expression in 

normal tissue (surgical specimen) was in the range of 0‑50:
• 95% of patients had a positive COX‑2 expression in 

normal tissue (surgical specimen)
• 5% of patients had over  100 COX‑2 expressions in 

normal tissue (surgical specimen)
• 1% of patients had over  200 COX‑2 expressions in 

normal tissue (surgical specimen).

Figures 5–8 illustrate the mean level of COX‑2 expression in 
normal and tumoral tissue.

Full results of the study are described in Tables 2 and 3.

CONCLUSION

• The results indicate overexpression of COX‑2 enzyme in 
tumor tissue compared to normal tissue

• If the COX‑2 expression exceeding 100 is considered as 
the positive expression, 95% of tumor tissue in baseline 
biopsy and 88% of tumor tissue in surgical specimen 
demonstrated a positive expression. Similarly, 5% of 
normal tissue in biopsy and 5% of normal tissue in surgical 
specimen demonstrated a positive expression

• According to the data presented in Table 2, the PTRG in 
high expression of COX‑2. This indicates the fact that the 
lower expression of COX‑2 the higher PTRG

• In Figure  7, the expression of COX‑2 of tumor did not 
change in surgical specimen compared to the baseline 
specimen

• In Figure  8, the expression of COX‑2 in normal tissue 
decreased significantly in the surgical specimen compared 
to the baseline specimen (22.48%), and this could be due to 
chemotherapy. It seems that the aforementioned protocol 

had a considerable impact on reducing the expression of 
COX‑2 in normal tissue

Table 2: Pathologic tumor regression grade of surgical 
specimen

PTRG

Grade Female (%) Male (%) Total (%)
Grade I (complete response) 40.74 30.55 34.92
Grade II (good response) 11.11 22.22 17.46
Grade III (medium response) 25.92 19.44 22.22
Grade IV (weak response) 11.11 19.44 15.87
Grade V (no response) 11.11 8.33 9.52
Total 100 100 100
PTRG=Pathologic tumor regression grade

Figure 5: Mean level of cyclooxygenase-2 expression in normal and 
tumor tissue before treatment

Figure 6: Mean level of cyclooxygenase-2 expression in normal and 
tumor tissue after treatment

Figure 7: Mean level of cyclooxygenase-2 expression in tumor tissue 
before and after treatment
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• Patients with a high expression of COX‑2 in baseline tumor 
biopsies had less response to treatment of pathology 
compared to patients with lower expression of COX‑2 in 
baseline tumor biopsies [Table 2]

• COX‑2 expression in tumoral and normal tissue (baseline 
biopsy) was higher in women than men

• 34% of patients had completed PTRG.

A significant association was found between PTRG of surgical 
specimen and COX‑2 expression in normal tissue (baseline biopsy) 
at diagnosis (P = 0.034). There were no significant correlations 
between PTRG of surgical specimen and COX‑2 expression in 
tumor tissue (baseline biopsy) at diagnosis (P = 0.992).

It is suggested that the expression of COX‑2 be measured with 
other methods such as Western blot or blood serum sample. 
Future studies on a large number of patients are required, 
to achieve a definite and more detailed conclusion. Given 
that the COX‑2 expression in the tumor tissue is positive and 
high, inhibition of this enzyme could have better treatment 
outcomes. The use of inhibitors of this enzyme and studying 
its effects are recommended.
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