
ABSTRACT

Background: Cyclooxygenase-2 (Cox-2) is the induc-
ible form of cyclooxygenase enzyme. Cox-2 is induced
in numerous processes such as cellular growth, differen-
tiation, inflammation and tumorogenesis.

Purpose: Assessment of Cox-2 expression in chronic
gastritis and gastric carcinoma.

Material and Methods: Sixteen chronic gastritis (CG)
and 43 gastric carcinoma cases were subjected to an
immunohistochemical approach using anti Cox-2 antibody.

Results: All CG cases displayed positive epithelial
Cox-2 expression with only 25% positivity for stromal
expression. Eighty six percent of gastric carcinoma showed
epithelial Cox-2 expression that was significantly correlated
with lymph node involvement (p=0.01), advanced stage
(p=0.01), high microvessel density (MVD) (p=0.0001),
vascular invasion (p=0.002), perineural invasion (p=0.01)
and low apoptotic count (p<0.0001). Stromal Cox-2 ex-
pression was seen in 79% of gastric carcinoma cases and
was significantly associated with low apoptotic count
(p=0.0007), vascular invasion (p=0.001) and high mi-
crovessel density (MVD) (p=0.0003). Only stromal Cox-
2 expression was significantly higher in gastric carcinoma
than chronic gastritis (p=0.0001).

Conclusions: Cox-2 appears to be involved in gastric
carcinoma progression as it promotes angiogenesis, sup-
presses apoptosis and facilitates invasion and metastasis.
Double expression of Cox-2 in gastric carcinoma epithe-
lium and stroma and significant association between them
demonstrate a paracrine cross effect between stromal and
malignant epithelium.
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INTRODUCTION

Gastric carcinoma (GC) is the second most
common tumor in the world, coming after lung
cancer [1]. The incidence varies widely through-
out the world however; the global incidence of
stomach cancer is decreasing by approximately
2% per year [2]. It represents 1.64% of all can-
cers in Egypt, according to National Cancer
Institute (NCI) registry and the median age is
55 years with male predominance. The over all
5-year survival of GC is generally poor (5 to
15%) [3]. World Health Organization (WHO)
estimated that cancer stomach held the second
position in the global incidence of the major
cancers in men while it held the fourth position
in women [4].

Cyclooxygenase (Cox), is the central enzyme
in prostanoid biosynthesis, catalyzes the con-
version of arachidonic acid to prostaglandin
(PG) H2. Prostaglandins especially H2 are im-
portant regulators of biologic processes such
as inflammation, cell proliferation, pain, angio-
genesis and vascular tone regulation [5]. There
are two distinct isoenzymes named Cox-1 and
Cox-2 that are similar in size, primary sequence
and activity [6]. Distinct genes located on dif-
ferent chromosomes (9q for Cox-1 and 1p for
Cox-2) encode the two isoenzymes [7]. Cox-2
gene promoter contains several enhancer se-
quences and its expression can be induced
through multiple signaling pathways involving
protein kinase A and C, tyrosine kinases and
lipopolysaccharide (LPS) [8]. Cox-2 is induced
in numerous processes such as cellular growth,
differentiation, inflammation and tumorigenesis
[9]. Overexpression of Cox-2 proteins has been
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detected in carcinomas of the stomach [10],
esophagus [11], breast [12], pancreas [13], lung
[14] and endometrium [15]. Moreover, it was
reported that its overexpression was associated
with poor prognosis and reduced survival [16].

Cox-2 specific inhibitors such as celecoxib,
rofecoxib and SC-560 became available for
both research and medical applications [17].
Cox-2 was also found to be target of the non-
steroidal anti-inflammatory drugs (NSAIDs).
Cox-2 inhibitors may act additively or syner-
gistically with concurrently used cytotoxic and
molecularly targeted agents [18]. Therefore,
NSAIDs might reduce the incidence and mor-
tality of colorectal, gastric, breast cancers
through their effect on Cox-2 pathway [19].
The aim of this study was to evaluate Cox-2
expression in human gastric carcinoma and
chronic gastritis and its relation to the available
clinicopathologic parameters of prognostic val-
ue.

MATERIAL AND METHODS

This study was carried out on 59 gastric
specimens from Egyptian patients, obtained
from Pathology Departments, National Cancer
Institute, Cairo University and Faculty of Med-
icine, Menoufiya University, during the period
between 1999 and 2005. The studied cases
included 43 cases of gastric carcinoma (GC)
and 16 cases of chronic gastritis (CG) used as
a comparative group. All cases of CG were
endoscopically resected biopsies while all the
studied GC cases were surgically resected gas-
trectomy specimens.

Classification, grading and both pathological
staging and stage grouping of GC cases were
performed according to WHO [4]. Patients were
divided into two groups, those ≥55 years and
others <55 years according to El-Bolkainy, 2005
[3].

Vascular and perineural invasion were eval-
uated according to the criteria described by
Bellis et al. [20]. The degree of host immune
response whether peritumoral lymphocyte or
lymphoid aggregate or tumor infiltrating lym-
phocytes (TILs) was evaluated according to the
method described by Tsujitani et al. [21]. Mitotic
and apoptotic counts were calculated according
to the criteria described by Baak [22] and Staun-
ton and Gaffney [23].

To assess angiogenesis, micro-vessel density
(MVD) was determined by the number of ves-
sels per field counted in the area of highest
vascular density ‘Hot spots’ at x 200 magnifi-
cation (0.1452 mm2). MVD in ten fields in hot
spots were counted and averaged [24].

Giemsa stain was used to evaluate H. pylori
that appeared as violet short bacilli in gland
crypts or on the surface epithelium [25]. H pylori
in GC cases were searched away from tumor at
the adjacent intact mucosa.

Immunohistochemistry:
Paraffin embedded 4 µm tissue sections were

deparaffinized with xylene, dehydrated in graded
series of ethanol and then incubated with 3%
hydrogen peroxide. Slides were rinsed in phos-
phate buffered saline (PBS) then exposed to
heat induced epitope retrieval (HIER) in citrate
buffer solution for 20 minutes. After cooling,
the slides were incubated with an epitope spe-
cific purified Rabbit Polyclonal anti-Cox2 an-
tibody (1:50), (catalogue no. E3034 Spring
Bioscience, USA) incubated over night. Detec-
tion of Cox-2 was achieved using ultravision
detection system ready to use anti-polyvalent
HRP/DAB (catalogue no. TDP-004 Spring Bio-
science, USA). Finally, the reaction was visu-
alized by appropriate substrate/chromogen (Di-
aminobenzidine, DAB) reagent. Counter stain
was done using Mayer’s haematoxylin (Bio
Genex, catalogue no. 94583). Cox-2 positive
colorectal carcinoma was used as positive con-
trol.

Cox-2 immunostaining interpretation:
All slides were evaluated without previous

knowledge of the clinicopathological data. Pos-
itive Cox-2 immunostaining was considered
when >5% of epithelial or stromal cells showed
diffuse brown cytoplasmic staining [10]. More-
over Cox-2 expression in epithelial cells of GC
was evaluated by using Quickscore which con-
sidered both the intensity of staining and per-
centage of Cox-2 positive tumor cells in a semi-
quantitative pattern according to the following
formula:

The intensity of Cox-2 immunostaining (I)
was scored as 0 (negative), 1 (weak), 2 (mod-
erate) and 3 (strong). The percentage of COX-
2 positive cells (P) scored as 1 (0-4%), 2 (5-
19%), 3 (20-39%), 4 (40-59%), 5 (60-79%) and
6 (80-100%). Quickscore was then calculated
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by multiplying the intensity and the percentage
(I X P) with a final score ranged from 0-18
where more than 10 was assigned as strong, 6-
10 (moderate), 1-5 (weak) and 0 (negative) [26].

Statistical analysis:
Data were collected, tabulated and statisti-

cally analyzed using “Statistical Package for
the Social Sciences (SPSS) version 11” program.
Non parametric tests (Mann-Whitney) were
used to compare quantitative variables. Chi-
square (X2) and Fisher's exact tests (F.e.) were
used to compare qualitative data. Differences
were considered statistically significant (S)
when p<0.05 and highly significant (HS) when
p<0.001.

RESULTS

Clinical and pathological data for the studied
GC and CG cases are represented in Table (1).
The carcinoma group had significantly higher
MVD than gastritis group (p<0.0001) while the
associated H-pylori infection significantly en-
countered more in gastritis group in comparison
to malignant one (p=0.002), Table (1).

Cox-2 immunostaining:
Cox-2 positivity showed diffuse brown cy-

toplasmic staining in epithelial cells of both
GC and CG cases as well as stromal cells.

All CG cases displayed positive epithelial
Cox-2 expression (Fig. 1), while 86% of GC
cases were positive but the difference was not
statistically significant. Regarding stromal Cox-
2 expression, 25% of CG cases versus 79.1%
of GC cases were positive and the difference
was highly statistically significant (p=0.0001)
(Table 2).

Cox-2 expression in chronic gastritis:
Cox-2 expression (epithelial or stromal) in

chronic gastritis cases did not show any signif-
icant correlation with either intestinal metapla-
sia, dysplasia or helicobacter pylori infection
(p>0.05) (Table 3).

Cox-2 expression in gastric carcinoma cases:
Cox-2 expression in both epithelial and

stromal cells of gastric carcinoma cases was
significantly associated with low apoptotic count
(p<0.0001, p=0.0007), high MVD (p=0.0001,
p=0.0003), intense inflammatory infiltrate (p=
0.01, p=0.04) and vascular invasion (p=0.002,

p=0.001) (Fig. 2). Moreover, epithelial COX-
2 expression was associated with deeper wall
invasion (p=0.01) (Fig. 3), positive lymph nodes
(p=0.01), advanced stage grouping (p=0.02),
as well as positive stromal COX-2 expression
(p=0.0001) (Fig. 4). Eighty percent of diffuse
type adenocarcinoma (Fig. 5) expressed Cox-
2 in comparison to 89.3% of intestinal type but
the difference did not reach significant level
(p>0.05) (Table 4).

Quickscoring of epithelial Cox-2 expression in
malignant cases:

By applying Quickscore formula, positive
Cox-2 expression in malignant cells showed
weak scoring in 18.6%, moderate in 32.6% and
strong in 48.8% of the studied cases. Higher
Cox-2 Quickscoring was seen in tumors with
low apoptotic count (p<0.0001), positive lymph
node involvement (p=0.03), deeper invasion
(p=0.007), advanced stage (p=0.0001), positive
vascular invasion (p=0.0001), positive perineu-
ral invasion (p=0.004), dense inflammatory
infiltration (p=0.0001) and higher MVD (p<
0.0001) (Table 5).

DISCUSSION

In this study, H-pylori colonization of the
mucosa was found in 56.3% of CG cases and
in 15.8% of the adjacent non-tumorous mucosa
of GC (p=0.002). The lower incidence of H-
pylori in GC cases in the present study could
be explained by relatively small number of
cases, the presence of wide areas of intestinal
metaplasia on the surface of some cases leading
to change in the media required for H-pylori
growth. Moreover, some of our patients with
GC might have received antibiotic therapy for
eradiation of H-pylori for long period before
discovering the tumor.

In the present study, Cox-2 immunoreactivity
was identified in epithelial and stromal com-
partments of malignant and gastritis cases. All
cases of chronic gastritis showed positive epi-
thelial Cox-2 immunostaining with only 25%
positivity for stromal Cox-2 expression. Epithe-
lial Cox-2 expression could be induced by chem-
ical mediators secreted by inflammatory cells,
that is why it is called inducible form of Cox
enzyme where it could be induced by mitogens,
hormones, cytokines, growth factors and tumor
promoters [27]. We could not find any significant
impact of the presence of intestinal metaplasia,
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Fig. (4): Signet ring adenocarcinoma showing strong
diffuse brown cytoplasmic Cox-2 positivity
(Immunohistochemistry x 200).

Fig. (1): Strong epithelial immunoreactivity for Cox-2
antibody in chronic non specific gastritis with
intestinal metaplasia (Immunohistochemistry x
200).

Fig. (2): Positive vascular carcinoma emboli for Cox-2
expression (Immunohistochemistry x 400).

Fig. (3): Strong Cox-2 expression in invasive malignant
glands of intestinal adenoarcinoma case (Immu-
nohistochemistry x 400).

Fig. (5): Positive Cox-2 immunostaining of both malignant
glands and surrounding stroma (Immunohis-
tochemistry x 400).
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Table (1): Clinicopathologic data of gastric carcinoma (GC) and chronic gastritis (CG) cases.

Age:
≥55
<55

Sex:
Male
Female

Site:
Proximal
Distal

Gross:
Ulcer
Mass

Size:
≥5
<5

Histologic type:
Intestinal
Diffuse

Grade:
Grade I
Grade II
Grade III

Mitotic count

Apoptotic count

Vascular invasion:
Negative
Positive

Perineural invasion:
Negative
Positive

Inflammatory infiltrate:
Mild
Moderate
Intense

MVD (median)
Range

Pathologic staging:
Submucosa.
Musculosa.
Serosa
Adjacent

L.N.:
Negative
Positive

Stage grouping:
I
II
III
IV

H.pylori:
Negative
Positive

Surgical margins:
Negative
Positive

Variables

51.9±13.7
(12-75)

–

–

–

–

–

–

10.14±2.9
(5-19)
8.53±3.2
(3-15)

–

–

–

23
(6-43)

–

–

–

–

X ± SD
(min-max)

21 (48.8)
22 (51.2)

27 (62.8)
16 (37.2)

21 (48.8)
22 (51.2)

28 (65.1)
15 (34.9)

25 (58.1)
18 (41.9)

28 (65.1)
15 (34.9)

3 (7)
20 (46.5)
20 (46.5)

–

–

17 (39.5)
26 (60.5)

14 (32.6)
29 (67.4)

15 (34.9)
16 (37.2)
12 (27.9)
–

4 (9.3)
11 (25.6)
26 (60.5)
2 (4.7)

14 (32.6)
29 (67.4)

9 (20.9)
15 (34.9)
15 (34.9)
4 (9.3)

37 (86)
6 (14)

37 (86)
6 (14)

No. (%)
43 (100)

GC cases

Age:
≥55
<55

Sex:
Male
Female

Dysplasia:
Negative
Positive

Intestinal metaplasia:
Negative
Positive

Activity:
Negative
Positive

Inflammatory infiltrate:
Mild
Moderate
Intense

MVD (median)
Range

H-Pylori:
Negative
Positive

Variables
CG cases

49.3±13.8
(20-71)

–

–

–

49.3±13.8
(20-71)

–

8
(7-11)

–

X ± SD
(min-max)

6 (37.5)
10 (62.5)

7 (43.7)
9 (56.3)

12 (75)
4 (25)

9 (56.3)
7 (43.7)

14 (87.5)
2 (12.5)

5 (31.3)
4 (25)
7 (43.7)

–

7 (43.7)
9 (56.3)

No. (%)
16 (100)

#
0.560

#
0.241

X2=1.467
p=0.480

U=57.5
p<0.0001

#
p=0.002

p

X  : Mean.
SD: Standard deviation.

# : Fischer exact test.
U:Mann-Whitney.

L.N       : Lymph node.
H.pylori: Helicobacter pylori.

MVD        : Micro-vessel density.
Min – Max: Minimum – Maximum.



368 Cox-2 in Gastric Carcinoma

Table (3): Stromal COX-2 expression in chronic gastritis
cases in relation to associated pathology.

Intestinal metaplasia:
+ve (7)
–ve (9)

Dysplasia:
+ve (4)
–ve (12)

Helicobacter pylori:
+ve (9)
–ve (7)

3 (42%)
1 (11%)

2 (50%)
2 (16%)

4 (44%)
0

4 (58%)
8 (89%)

2 (50%)
10 (84%)

5 (56%)
7 (100%)

Stromal Cox-2

–ve
No. (%)

+ve
No. (%)

Variables

Table (2): Comparison between GC and CG cases regarding
both epithelial and stromal COX-2 expression.

Epithetlial expression:
Positive

Stromal expression:
Positive

37 (69.8)

34 (89.5)

16 (30.2)

4 (10.5)

# 0.176

# 0.0001**

p
CG

No. (%)
16 (27.1)

GC
No. (%)

43 (72.9)
Variables

** = Highly significant.
#   = Fisher Exact test.

Table (4): Comparison between epithelial and stromal Cox-2 expression in GC cases and the clinicopathological parameters.

Age:
≥55
<55

Sex:
Male
Female

Site:
Proximal
Distal

Size:
≥5
<5

Gross:
Ulcer
Mass

Histologic type:
Intestinal
Diffuse

Grade:
I&II
III

Mitotic count:
Median
(min-max)

18 (85.7)
19 (86.4)

22 (81.5)
15 (93.8)

19 (90.5)
18 (81.9)

23 (92)
14 (77.8)

25 (89.3)
12 (80)

25 (89.3)
12 (80)

21 (91.3)
16 (80)

9
(5-19)

3 (14.3)
3 (13.6)

5 (18.5)
1 (6.2)

2 (9.5)
4 (18.1)

2 (8)
4 (22.2)

3 (10.7)
3 (20)

3 (10.7)
3 (20)

2 (8.7)
4 (20)

11
(8-15)

#
p=1.0

#
p=0.38

#
p=0.66

#
p=0.21

#
p=0.64

#
0.64

#
p=0.392

U=77.5
p=0.247

-Ve
No (%)
6 (14)

+Ve
No. (%)
37 (86)

Parameters
Test
&

p value

17 (81)
17 (77.3)

1 2 (75)
22 (81.5)

17 (81)
17 (77.3)

20 (80)
14 (77.8)

23 (82.1)
11 (73.3)

24 (85.7)
10 (66.7)

19 (82.6)
15 (75)

9
(5-19)

4 (19)
5 (22.7)

4 (25)
5 (18.5)

4 (19)
5 (22.7)

5 (20)
4 (22.2)

5 (17.9)
4 (26.7)

4 (14.3)
5 (33.3)

4 (17.4)
5 (25)

10
(8-15)

-Ve
No (%)
6 (14)

+Ve
No. (%)
34 (79.1)

21
22

16
27

21
22

25
18

28
15

28
15

23
20

–

Total
No.
43

#
p=1.0

#
p=0.71

#
p=1.0

#
p=1.0

#
p=0.69

#
p=0.24

#
p=0.710

U=133
p=0.560

Test
&

p value

Epithelial Cox-2
expression

Stromal Cox-2
expression
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Table (4): Cont.

Apoptotic count:
Median
(min-max)

Vascular invasion:
Negative
Positive

Perineural invasion:
Negative
Positive

Inflammatory infiltrate:
Mild
Moderate & intense

MVD:
Median
(min-max)

Pathologic staging:
Submucosa & musculosa.
Serosa & Adjacent

L.N.:
Negative
Positive

Stage grouping:
I & II
III & IV

H.pylori:
Negative
Positive

Stromal expression:
Negative
Positive

Surgical margins:
Negative
Positive

8
(3-13)

11 (64.7)
26 (100)

9 (64.3)
28 (96.6)

10 (66.7)
27 (96.4)

25
(9-43)

10 (66.7)
27 (96.4)

9 (64.3)
28 (96.6)

18 (75)
19 (100)

31 (83.7)
6 (100)

3 (33.3)
34 (100)

31 (83.8)
6 (100)

13
(12-15)

6 (35.3)
0

5 (35.7)
1 (3.4)

5 (33.3)
1 (3.6)

8
(6-10)

5 (33.3)
1 (3.6)

5 (35.7)
1 (3.4)

6 (25)
0

6 (16.3)
0

6 (66.7)
0

6 (16.2)
0

U=7.000
p<0.0001**

#
p=0.002 **

#
p=0.01 *

#
p=0.01 *

U=1.5
p=0.0001**

#
p=0.01 *

#
p=0.01 *

#
p=0.02 *

#
p=0.57

#
p=0.0001**

#
p=0.57

-Ve
No (%)
6 (14)

+Ve
No. (%)
37 (86)

Parameters
Test
&

p value

8
(3-13)

9 (52.9)
25 (96.2)

9 (64.3)
25 (86.2)

9 (60)
25 (89.3)

25.5
(9-43)

10 (66.7)
24 (85.7)

9 (64.3)
25 (86.2)

17 (70.8)
17 (89.5)

28 (75.6)
6 (100)

29 (78.4)
5 (83.3)

12
(8-15)

8 (47.1)
1 (3.8)

5 (35.7)
4 (13.8)

6 (40)
3 (10.7)

9
(6-24)

5 (33.3)
4 (14.3)

5 (35.7)
4 (13.8)

7 (29.2)
2 (10.5)

9 (24.4)
0

8 (21.6)
1 (16.7)

-Ve
No (%)
6 (14)

+Ve
No. (%)
34 (79.1)

–

17
26

14
29

15
28

–

15
28

14
29

24
19

37
6

37
6

Total
No.
43

U=38.5
p=0.0007 **

#
p=0.001 **

#
p=0.124

#
p=0.04*

U=30.5
p=0.0003**

#
p=0.23

#
0.124

#
p=0.257

#
p=0.31

#
p=1.0

Test
&

p value

Epithelial Cox-2
expression

Stromal Cox-2
expression

X2

t
*
**
L.N

H.pylori: Helicobacter pylori.
MVD    : Micro-vessel density.
U:Mann-Whitney.
#:Fischer exact.
Min-Max: Minimum – Maximum.

: Chi square.
: Student t test.
: Significant.
: Highly significant.
: Lymph node.
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Table (5): Correlation between Quickscore evaluation for epithelial Cox-2 expression and clinicopathological data of GC
cases.

Age:
≥55
<55

Sex:
Male
Female

Site:
Proximal
Distal

Size:
≥5
<5

Gross:
Ulcer
Mass

Histologic type:
Intestinal
Diffuse

Grade:
I & II
III

Mitotic count:
Median
(min-max)

Apoptotic count:
Median
(min-max)

Vascular invasion:
Negative
Positive

Perineural invasion:
Negative
Positive

Inflammatory infiltrate:
Mild
Moderate & Intense

MVD:
Median
(min-max)

6 (28.6)
8 (36.4)

9 (33.3)
5 (31.25)

5 (23.8)
9 (40.9)

7 (28)
7 (38.9)

8 (28.6)
6 (40)

8 (28.6)
6 (40)

7 (30.4)
7 (35)

11
(8-15)

12
(10-15)

12 (70.5)
2 (7.7)

9 (64.3)
5 (17.2)

11 (73.3)
3 (10.7)

11
(6-19)

15 (71.4)
14 (63.6)

18 (66.7)
11 (68.75)

16 (76.2)
13 (59.1)

18 (72)
11 (61.1)

20 (71.4)
9 (60)

20 (71.4)
9 (60)

16 (69.6)
13 (65)

9
(5-19)

7
(3-13)

5 (29.5)
24 (92.3)

5 (35.7)
24 (82.8)

4 (26.7)
25 (89.3)

28
(14-43)

#
p=0.747

#
p=1.0

#
p=0.331

#
p=0.520

#
p=0.506

#
p=0.506

#
p=1.0

U=138.5
p=0.096

U=13.000
p<0.0001**

#
p=0.0001**

#
p=0.004**

#
p=0.0001**

U=6.000
p<0.0001**

Moderate & Strong
No. (%

29 (32.5)

Negative & Weak
No. (%)
14 (18.6)

Parameters
Test &
p value

Quickscore for Cox-2 expression
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gastric dysplasia or helicobacter pylori infection
on Cox-2 expression in gastritis cases. Yuqin
et al. [28] reported a possible inducing role of
helicobacter pylori on Cox-2 expression.

Considering our GC cases, the epithelial
and stromal Cox-2 expressions were detected
in 86% and 79.1% respectively. Epithelial Cox-
2 expression in gastric adenocarcinoma ranged
between 42% to 76% [29,30,31]. The stromal
Cox-2 expression was observed in fibroblasts,
smooth muscle cells, endothelial cells and in-
flammatory cells similar to Chen et al. [29]. The
identification of Cox-2 expression in stromal
compartment have also been seen by others
[32,33] while some authors did not show this
finding [34,35].

In the current study, a statistically significant
difference (p=0.0001) was found between CG
and GC cases regarding stromal Cox-2 expres-
sion, as it was higher in gastric carcinoma in
comparison to chronic gastritis. These findings
suggest that malignant cells may secrete chem-
ical mediators that could induce Cox-2 expres-
sion in stromal cells in a paracrine fashion [30].
Stromal cells with positive Cox-2 expression

may be essential for survival of malignant cells
and progression of tumor [30,33].

Higher MVD in GC group in comparison to
CG observed in this study could be due to up-
regulation of chemical mediators that stimulate
angiogenesis by malignant cells [15]. In addition,
the current study displayed that epithelial and
stromal Cox-2 expression in malignant cases
were significantly associated with high MVD
go parallel with that reported by Tatsuguchi et
al. [30]. It is possible that Cox-2 stimulates
angiogenesis through PGE2 which binds to
PGE2 receptor located on cell surface leading
to increase the level of cAMP which in turn
increases vascular endothelial growth factor
(VEGF) gene expression [36,37]. Production of
ecosanoid products like thromboxane A2 and
PGI2 can directly induce endothelial cell mi-
gration and proliferation. Furthermore, Cox-2
has the ability to inhibit endothelial cell apop-
tosis through stimulation of Bcl2 [38] or protein
kinase B activation that could also contribute
to the angiogenic promoting role of Cox-2 [38].
Cox-2 performs its actions through a paracrine,
autocrine and intracrine fashions [39].

Table (5): Cont.

Pathologic stage:
Submucosa & Musculosa
Serosa & Adjacent

L.N.:
Negative
Positive

Stage grouping:
I & II
III & IV

H.pylori:
Positive
Negative

Surgical margins:
Negative
Positive

9 (60)
5 (17.9)

8 (58.1)
6 (20.7)

14 (58.3)
0

0
13 (35.1)

14 (37.8)
0

6 (40)
23 (82.1)

6 (82.9)
23 (79.3)

10 (41.7)
19 (100)

6 (100)
24 (64.9)

23 (62.2)
6 (100)

#
p=0.007**

#
p=0.03 **

#
p=0.0001**

#
p=0.15

#
p=0.154

Moderate & Strong
No. (%)
29 (32.5)

Negative & Weak
No. (%)
14 (18.6)

Parameters Test &
p value

Quickscore for Cox-2 expression

 X2: Chi square.
Min-Max: Minimum – Maximum.

*  : Significant.
**: Highly significant.

L.N: Lymph node.
H.pylori: Helicobacter pylori.

MVD: Micro-vessel density.
U:Mann-Whitney.
# :Fischer exact.
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Epithelial and stromal Cox-2 expression
were significantly associated with gastric car-
cinoma cases of low apoptotic count (p<0.0001,
p=0.0007). This finding may be attributed to
the apoptosis suppressing role of Cox-2 achieved
through various mechanisms; directly through
increasing Bcl2 expression and protein kinase
B activation [38]. Modulation of nitric acid
signaling pathway with decreasing intracellular
level of ceramide and increasing level of fatty
acid coA ligase (FACL) is the indirect mecha-
nism of Cox-2 that leads to utilization of arachi-
donic acid and inactivation of caspase-3 [40].
Disturbance of immunological surveillance by
down regulation of HLA class II is also one of
the alternative mechanisms [41].

Positive epithelial or stromal Cox-2 immu-
nostaining in GC cases was significantly asso-
ciated with dense lymphoplasmacytic infiltra-
tion. Inflammation is important for both tumor
initiation and progression. One of the involved
mechanisms could be the production of chemical
mediators by inflammatory cells. These media-
tors could induce Cox-2 expression in tumor
cells, endothelial cells, smooth muscle cells and
fibroblasts. The most common Cox-2 inducers
are fibroblast growth factor (FGF), tumor ne-
crosis factor-α (TNF-α), interleukin-α (IL-α)
and interleukin-1ß (IL-1ß) [42].

In the current study, GC cases with positive
epithelial COX-2 expression were also associ-
ated with deeper invasion, lymph node involve-
ment, advanced stage, vascular invasion and
perineural invasion (p<0.05). These results
agreed with Tatsuguchi et al. [30] and Hana et
al. [31]. Cox-2 could contribute to tumor invasion
and metastasis through decreasing expression
of E-cadherin and activating matrix metallopro-
teinase-2 leading to decreasing cell adhesion,
increasing cell motility and degradation of type
IV collagen of extracellular matrix [43]. In
addition to the previously described angiogenic
enhancing role of Cox-2 that could also facilitate
the process of invasion and metastasis [36,44].
Furthermore, Cox-2 stimulates tumor growth
by inducing many mitogens and mediating
growth promoting effect like growth factors
[44].

The tumor microenvironment and interaction
between malignant and stromal cells could play
critical roles in tumor development and progres-

sion. In the present wok, there was a significant
correlation between epithelial and stromal Cox-
2 expression in malignant cases (p=0.0001).
Cox-2 expression in stromal cells is postulated
to mediate aberrant reciprocal paracrine cross-
talk in epithelial-stromal interaction as well as
in an autocrine signaling [45]. Cox-2 positive
stromal cells have been identified in the stroma
of colorectal carcinoma [33] with its active
participation in facilitating metastasis to liver
[45] but its role in gastric carcinoma is not clear.
Although some authors observed Cox-2 expres-
sion in the stroma of gastric carcinoma, they
failed to demonstrate its possible role in gastric
carcinoma progression [32], findings that have
been seen in our study.

In conclusion, Cox-2 appears to be involved
in gastric carcinoma progression as it promotes
angiogenesis, suppresses apoptosis and facili-
tates invasion and metastasis. Double expression
of Cox-2 in gastric carcinoma epithelium and
stroma and significant association between them
demonstrate a paracrine cross effect between
stromal and malignant epithelium. Expression
of Cox-2 in both chronic gastritis and malignant
cases may show that accumulation of Cox-2
and other carcinogenic factors might lead to
malignant transformation. Stromal expression
of Cox-2 in gastric carcinoma necessitates fur-
ther studies to clarify its potential role in gastric
carcinogenesis.
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