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Introduction
Although the incidence of gastric cancer decreases, it is still 

one of the most common causes of cancer mortality due to late 
diagnosis. Early diagnosis and treatment may be beneficial for 
preventing diseases, survival, and cost-effectiveness. Therefore, 

identification and follow-up of patients who are under the risk of 
gastric cancer increase the success of treatment.

Homeostasis of gastric mucosa is sustained by prostaglandins 

(1). Cyclooxygenase-2 (COX2) is expressed at gastric mucosa 
which is low in healthy tissue and high in the granulation tissue 

DOI: 10.4274/gulhane.galenos.2020.793

ORIGINAL ARTICLE

Can increased or decreased COX2 and P21 expression be 
used in illness monitoring of gastric cancer and its potential 
precursor lesions?

 Sait Yeşillik1,  Melih Alömeroğlu2,  Birol Yıldız3,  Bilgin Bahadır Başgöz4,  Mustafa Gülşen5

1University of Health Sciences Turkey, Gülhane Training and Research Hospital, Clinic of Internal Medicine, Division of 
Immunology and Allergy, Ankara, Turkey
2University of Health Sciences Turkey, Gülhane Faculty of Medicine, Department of Pathology, Ankara, Turkey
3University of Health Sciences Turkey, Gülhane Training and Research Hospital, Clinic of Internal Medicine, Division of Medical 
Oncology, Ankara, Turkey
4University of Health Sciences Turkey, Gülhane Faculty of Medicine, Department of Internal Medicine, Ankara, Turkey
5University of Health Sciences Turkey, Gülhane Faculty of Medicine, Department of Internal Medicine, Division of 
Gastroenterology, Ankara, Turkey

Aims: Early diagnosis and treatment can improve the prognosis of patients with gastric cancer. 
Therefore, identification and follow-up of patients who are under the risk of gastric cancer can 
improve the success of treatment and quality of life.

Methods: In our study, cyclooxygenase-2 (COX2) and P21 expressions of the patients with 
gastric adenocarcinoma and its precursor lesions atrophic gastritis and intestinal metaplasia 
were examined retrospectively with the immunohistochemical method.

Results: Forty patients were enrolled in each group. Grade and intensity of COX2 expressions 
were high in all three groups in accordance with the literature. In contrast with COX2 expressions, 
the grade and intensity of P21 expressions were very low in all three groups. Expressions of P21 
were not observed in the vast majority of the gastric cancer group. Due to slight expressions, 
we detected statistically significant differences in both grading and intensity of P21 expressions 
between precancerous lesions and gastric cancer.

Conclusions: High COX2 expressions were consistent with literature. Decreased P21 expressions 
can reveal the relationship between loss of P21 expression and poor prognosis. Increased 
COX2, expression, especially in atrophic gastritis patients, and decreased P21 expression may 
be used in the follow-up of patients with gastric cancer and its precursor lesions.
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of gastric ulcus and gastric cancer (2,3). Also, COX2 expression 
is increased in Barret’s metaplasia, dysplasia, and esophagus 
adenocarcinoma (4-6).

P21 gene is the primer mediator of P53 which induced 
cell apoptosis. Protein P21, encoded by this gene, inhibits G1 
cyclin-dependent kinase and helps drive cells into S phase (7). 
Czerniak et al. (8) reported P21 expression to be negative in 
almost all benign gastric and colonic lesions and positive in all 
malignant gastric and colonic lesions.

This study aims to determine the differences of COX2 and 
P21 expressions between patients with gastric cancer and its 
precursor lesions, atrophic gastritis and intestinal metaplasia.

Methods
In our study, pathology specimens of gastrectomy surgery 

and upper gastrointestinal endoscopy biopsies were assessed 
retrospectively. This study was conducted from June 2003 to 
December 2004. Anti-COX2 and anti-P21 were purchased from 
BD Biosciences (San Jose, CA, USA). Expressions of COX2 
and P21 were evaluated in the pathology slides of patients 
with atrophic gastritis, intestinal metaplasia and gastric cancer 
(intestinal and diffuse type adenocarcinoma). 40 patients 
were enrolled for each group, and each pathology slide was 
labeled with COX2 and P21 antibodies separately, using 
immunohistochemical method. A total of 240 preparations were 
stained and evaluated.

Exclusion criteria included being under the age of 18 years, 
having another inflammatory, autoimmune rheumatic, infectious 
diseases and other types of cancers. 

Immunohistochemical Method 

Two independent pathologists made the evaluation. KS 400 
software was used for grading and intensity. Each slide was 
evaluated with 100 X magnification and visualized by KS 400 
software on Microsoft R Windows NT 4.OR Service Pock 6.0 
operating system. P21 and COX2 were marked for measurement 
on available sides. Positive and negative cells were marked by 
using KS 400 software and results were reported by software 
as percentages. P21 and COX2 positive cells stained brown 
(Figure 1).

COX2 and P21 expressions were evaluated in terms of 
grading, intensity, and immunoreactivity. Grade: Classified 
as 0, 1 (1-29%), 2 (30-59%), 3 (60-100%), according to 

involvement of COX2 and P21 antibodies percentage in the 
pathology slides.

Intensity: Classified as 0 (no involvement), 1 (mild 
involvement, diffuse cytoplasmic staining is less than 10% of 
cells), 2 (moderate involvement, strong granular cytoplasmic 
staining in 10-90% of cells), 3 (severe involvement, strong 
granular cytoplasmic staining in more than 90% of cells) 
according to power of involvement of COX2 and P21 antibodies 
in the pathology slides (9).

Immunoreactivity score: Calculated by the multiplication of 
grade and intensity (2). 

Statistical Analysis

Commercially available software SPSS (version 21.0, 
SPSS Inc, Chicago, IL) was used for the statistical analyses. 
The chi-square test and one-way ANOVA test were used for the 
comparison. P<0.05 was considered significant.

Results
A total of 120 patients (40% women) were enrolled with 

an average age of 64 years (25-87) in this study. There was 
no significant difference between the expression levels of 
men and women (p=0.054). In this study, 19 of 40 gastric 
cancer patients were intestinal type, and 21 were diffuse type 
adenocarcinoma. Only 1 of the patients was early stage-gastric 
cancer. 

COX2 Expressions

COX2 expression grades were observed to be high and similar 
in the three groups. Third-grade expression was detected in 
most of the lesions. There was no significant difference between 
COX2 expression grades (p=0.06), (Figure 1). No expression was 
detected in 3 (2.5%) of 120 patients, 2 (1.7%) of which were in 
atrophic gastritis group, and 1 (0.8%) was in the gastric cancer 
group. Grade 3 expression was observed in thirty-two (26.7%) 
patients with atrophic gastritis, 35 (29.2%) with intestinal metaplasia 
and 25 (20.8%) with gastric cancer (Table 1).

The strongest intensity of expressions was observed in 
the intestinal metaplasia and gastric cancer group, weaker 
intensity of expression was observed in the group with atrophic 
gastritis. There was a significant difference in COX2 intensity 
of expression between atrophic gastritis and gastric cancer 
(p=0.026).
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Table 1. Cyclooxygenase-2 expression grades and patient numbers

Diseases Grade 0
(0%)

Grade 1
(1-29%)

Grade 2
(30-59%)

Grade 3
(60-100%)

Number of 
patients

Atrophic gastritis 2 (5) 2 (5) 4 (10) 32 (80) 40 (100)
Intestinal metaplasia 0 (0) 1 (2.5) 4 (10) 35 (87.5) 40 (100)
Gastric cancer 1 (2.5) 8 (20) 6 (15) 25 (62.5) 40 (100)
Grade: Classified as 0, 1 (1-29%), 2 (30-59%), 3 (60-100%)



While strong expressions were detected in 3 (2.5%) patients 
with atrophic gastritis, 9 (7.5%) with intestinal metaplasia and 12 
(10%) with gastric cancer, there was no expression detected in 
2 (1.7%) with atrophic gastritis and 1 (0.8%) with gastric cancer 
(Table 2).

The intensity of COX2 expression was detected similar 
between intestinal metaplasia and gastric cancer groups as 
2nd and 3rd grade. COX2 expression was also detected in the 
atrophic gastritis group, but the intensity of expression was 
mostly 1st and 2nd grade. Same results were observed in the 
statistical analysis made with immunoreactivity scores.

When we evaluated immunoreactivity scores of COX2 
expression between the groups, we found a significant difference 
between the groups with atrophic gastritis and intestinal 
metaplasia (p=0.02), and also in the groups with atrophic 
gastritis and gastric cancer (p=0.033). There was no significant 
difference between the groups with intestinal metaplasia and 
gastric cancer (p=0.345).

P21 Expressions

There was a significant difference in grading and intensity 
of P21 expression between the atrophic gastritis, intestinal 

metaplasia, and gastric cancer groups (p<0.001, p<0.001, 
respectively) (Figure 1).

There was no expression in 61 (50.8%) of 120 patients. 
Grade 1 expression was observed in the majority of atrophic 
gastritis, intestinal metaplasia, and gastric cancer patients. 
Grade 2 expression was observed in 3 (2.5%) patients with 
atrophic gastritis, 3 (2.5%) of the patients with intestinal 
metaplasia and 1 (0.8%) of the patients with gastric cancer. 
Grade 3 expression was not observed in any patient.

The intensity of P21 expression was not observed in the vast 
majority of the gastric cancer group (90%).

Grade 2 intensity of expression was observed in 1 (0.8%) 
of the patients with atrophic gastritis, 6 (5%) of the patients 
with intestinal metaplasia, and 2 (1.7%) of the patients with 
gastric cancer. Grade 3 intensity of expression was not 
detected in any patient (Table 3,4).

Results of grading and intensity of P21 expression were 
found to be similar. When we evaluated immunoreactivity 
scores of P21 expression, we found it low in all three groups. 
Expression was not observed in the vast majority of the 
gastric cancer group. Because of slight expression in the 

153Gulhane Med J 2020;62:151-6

Table 2. Cyclooxygenase-2 expression intensity and patient numbers

Diseases Intensity
0 (%)

Intensity
1 (%)

Intensity
2 (%)

Intensity
3 (%)

Number of 
patients (%)

Atrophic gastritis 2 (5) 19 (42.5) 16 (40) 3 (7.5) 40 (100)
Intestinal metaplasia 0 (0) 8 (20) 23 (57.5) 9 (22.5) 40 (100)
Gastric cancer 1 (2.5) 10 (25) 17 (42.5) 12 (30) 40 (100)
Intensity: Classified as 0 (no involvement, no stained cell), 1 (mild involvement, cytoplasmic staining is less than 10% of cells), 2 (moderate involvement, cytoplasmic 
staining is in 10-90% of cells), 3 (severe involvement, cytoplasmic staining is more than 90% of cells)

Figure 1. Cyclooxygenase-2 expression in (A) gastric cancer, (B) atrophic gastritis, (C) intestinal metaplasia, P21 expression in (D) gastric cancer, (E) 
atrophic gastritis, (F) intestinal metaplasia 
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atrophic gastritis and intestinal metaplasia groups, there was 
a statistically significant difference between gastric cancer 
and these two groups (p<0.001). There was no significant 
difference between the groups of intestinal metaplasia and 
atrophic gastritis (p=0.339).

Discussion
In this study, COX2 and P21 expressions of the patients 

with gastric adenocarcinoma and its precursor lesions 
(atrophic gastritis and intestinal metaplasia) were evaluated. 
There was no significant difference in COX2 expression grades 
among the three groups. Grade 3 expression was seen in the 
vast majority of pathology slides in all groups. There was a 
significant difference in terms of COX2 expression intensity 
among the groups. Although COX2 expression was observed 
in all three groups, intensity was lower in the atrophic gastritis 
group. COX2 expression was more intense in the gastric 
cancer and intestinal metaplasia group. Especially increased 
COX2 expressions in atrophic gastritis patients can help 
doctors to predict cancer progression. It can be related to 
progress to gastric cancer. In our study, the increase in COX2 
expression was found to be significant in gastric cancer and 
its precursor lesions, in accordance with the literature (2-
6). In our study, the intensity of COX2 expression in lesions 
and lesion free healthy gastric mucosa, as a control group, 
was evaluated in each pathology slides. There was no 
significant difference between healthy and atrophic areas of 
gastric mucosa in patients with atrophic gastritis. Expression 
levels were similar. We evaluated that COX2 expression in 
healthy gastric mucosa might be a result of atrophy at the 
molecular level even if pathological atrophy did not occur yet. 
Helicobacter pylori (HP) infection might be included in this 
situation (10). 

COX2 expressions were high in both gastric cancer and its 
precursor lesions. Thus, COX2 expression may be used in the 
follow-up of patients with gastric cancer and its precursor lesions. 
Increased levels of COX2 can help the doctors to follow up such 
patients, especially in cancer progression and metastasis.

When healthy gastric mucosa and intestinal metaplasia 
areas were compared in the intestinal metaplasia group, COX2 
expression was observed in both areas. We thought that this 
might be a result of intestinal metaplasia started at the molecular 
level or might be a result of HP infection which is known to 
increase COX2 expression and very common in our society (10).

Lim et al. (2) found that COX2 expression was increased 
in intestinal metaplasia and gastric cancer areas while COX2 
expression could be detected in healthy mucosa.

In the gastric cancer group, COX2 expression in healthy 
areas was statistically significantly lower than in areas with 
cancer. Shirvani et al. (5) also reported COX2 expression in 
Barrett’s metaplasia and dysplasia was higher than healthy 
mucosa, as in our study. 

We believe that this is because of the advanced cancer 
stages of our patients. Saukkonen et al. (11) demonstrated 
COX2 expression as 58% and 6% in intestinal metaplasia and 
early-stage gastric cancer patients, respectively. We found 
similar expressions in groups and it was 97.5%. We thought that 
this was a result of 39 of 40 patients in our study who were in 
the advanced stage of cancer. In our study, COX2 expression 
in atrophic gastritis, intestinal metaplasia, and gastric cancer 
groups complies with literature.

We thought that increased COX2 expression was associated 
with inflammation, HP existence, growth factors, and cytokines 
besides cancer and could be beneficial in precursor lesions to 
follow up.
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Table 3. P21 expression grades and patient numbers

Diseases Grade 0
(0%)

Grade 1
(1-29%)

Grade 2
(30-59%)

Grade 3
(60-100%)

Number of 
patients

Atrophic gastritis 13 (32.5) 24 (60) 3 (7.5) 0 (0) 40 (100)
Intestinal metaplasia 12 (30) 25 (62.5) 3 (7.5) 0 (0) 40 (100)
Gastric cancer 36 (90) 3 (7.5) 1 (2.5) 0 (0) 40 (100)
Grade: Classified as 0, 1 (1-29%), 2 (30-59%), 3 (60-100%)

Table 4. P21 expression intensity and patient numbers

Diseases Intensity
0 (%)

Intensity
1 (%)

Intensity
2 (%)

Intensity
3 (%)

Number of 
patients

Atrophic gastritis 13 (32.5) 26 (65) 1 (2.5) 0 (0) 40 (100)
Intestinal metaplasia 12 (30) 22 (55) 6 (15) 0 (0) 40 (100)
Gastric cancer 36 (90) 2 (5) 2 (5) 0 (0) 40 (100)
Intensity: Classified as 0 (no involvement, no stained cell), 1 (mild involvement, cytoplasmic staining is less than 10% of cells), 2 (moderate involvement, cytoplasmic 
staining is in 10-90% of cells), 3 (severe involvement, cytoplasmic staining is more than 90% of cells)



Rossolymos et al. (12) detected that increased COX2 
expression scores were associated with the severity of gastritis, 
despite our positive findings, he found a weak correlation 
between COX2 expression scores and precancerous lesions 
like atrophic gastritis and intestinal metaplasia. 

We also investigated the significant difference in P21 
expression grade between healthy and atrophic areas of 
gastric mucosa in the atrophic gastric group. Probably 
due to the inability of P21 expression in atrophic cells, P21 
expression was weakly increased as a result of atrophy at the 
molecular level in healthy tissue. Wang et al. (13) studied P21 
expression in patients with chronic gastritis, atrophic gastritis, 
intestinal metaplasia, early-stage, and advanced gastric 
cancer. In this study, similar to our findings, P21 expression 
was found as 40% in HP (-) healthy mucosa areas, 10% in 
atrophic gastritis areas, 60% in intestinal metaplasia areas, 
33% in nonneoplastic areas adjacent to early gastric cancer 
and 23% in nonneoplastic areas adjacent to advanced 
gastric cancer. P21 expressions in intestinal metaplasia and 
advanced gastric cancer areas of gastric mucosa were weak 
and similar. Despite the increase in COX2 expression, the loss 
in expression of P21 can be a predictor of cancer progression 
and metastasis.

Sun et al. (14) determined P21 expression in healthy areas 
of gastric mucosa. Noguchi et al. (15) showed P21 expression 
in intestinal metaplasia areas, and they failed to show P21 
expression in healthy areas. 

In our study, there was no P21 expression determined in 
almost all healthy and gastric cancer areas. While these findings 
in the normal tissue correlate with present literature, they are not 
in accordance with the gastric cancer tissue (8,16). 

In our study, P21 expression was observed in 49.2% of 120 
patients. In the majority of literature findings, lowest grade and 
intensity of expressions were demonstrated in our gastric cancer 
group (10%). We thought this was a result of that only one of the 
patients was early gastric cancer, 39 patients were advanced 
gastric cancer because many studies in literature showed that 
loss of P21 expression was a finding of advanced cancer and 
metastasis (17-20).

Grade and intensity of P21 expression were low and similar 
in atrophic gastritis and intestinal metaplasia groups. While 
Gamboa-Dominguez (21) and Kouraklis et al. (22) found a 
positive correlation between P21 expression and survival, other 
studies showed that the loss of P21 expression in cancer was 
associated with poor prognosis (18,23). 

P21 expression was studied by Sun et al. (14) on 
139 patients (42 incomplete metaplasia, 28 low-grade 
dysplasia, 21 high-grade dysplasia, 48 intestinal-type gastric 
cancer). They found P21 expression in some of the normal 
mucosa, similar to our findings. Although it was statistically 

insignificant, P21 expression demonstrated a reduction from 
incomplete metaplasia towards gastric cancer (incomplete 
metaplasia 47.6%, low-grade dysplasia 39.3%, high-grade 
dysplasia 33.3%, intestinal-type gastric cancer 29.5%). With 
these results, Sun stated that a gradual decrease observed 
in P21 expression might be significant in the progression of 
cancer. 

In our study, the percentage and the intensity of P21 
expression in gastric cancer were not in accordance with some of 
the literature (8,16). On the other hand, the studies that suggest 
the loss of P21 expression to be the cause of poor prognosis 
(14,17-23) support the low P21 expressions in our study.

Like in the expression of COX2 (the expression was 
significantly high), we thought this difference might be due to 
the fact that only one of our gastric cancer patient was early 
stage gastric cancer and the others were advanced gastric 
cancer. As it has been indicated before, multifactorial factors 
such as the organ, stage, immunohistochemistry and the 
molecular mechanism are all sufficient for the decision (24). It is 
possible to suggest that molecules such as COX2 expression 
and loss of P21 expression may be related to gastric cancer 
and poor outcome. 

The limitation of our study is that if we could able to study 
consecutively P21 and COX2 expressions in the same patients 
with precursor lesions and gastric cancer, the results might 
be more significant. Our study was a retrospective study. 
Prospective researches with a larger number of patients 
attending and supported by genetic and experimental studies in 
the future will be able to demonstrate the importance of COX2 
and P21 expressions in gastric cancer and precursor lesions 
more clearly. Also, in our study, most of the gastric patients were 
late diagnosed. We could have found different results if we had 
been able to study with early diagnosed gastric cancer patients.

Conclusion
To the best of our knowledge, this has been the first study 

evaluating both COX2 and P21 expressions in gastric cancer 
and its precursor lesions of atrophic gastritis and intestinal 
metaplasia.

In the future, COX2 expression may be used in the follow-up 
of patients with gastric cancer and atrophic gastritis. The loss of 
P21 expression may indicate poor prognosis and progression in 
gastric cancer. 
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