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Abstract
Background: Cyclooxygenase-2 (Cox-2) is a central mediator in inflammation and cancer. Expression of the Cox-2 gene is
up-regulated in the gastric mucosa during H. pylori infection.Vascular endothelial growth factor (VEGF) has a potent
angiogenic activity and cyclooxygenase-2 (COX-2) promotes angiogenesis by modulated production of angiogenic
factors including VEGF.
Aim: investigate the distribution and intensity of COX-2 and VEGF expression in premalignant and malignant gastric lesions
with H. pylori.
Material and Methods: Gastric biopsies from patients with chronic active gastritis and gastric adenocarcinoma, and control
group were studied. Immunohistochemical analysis was used to examine the expression of COX-2 and VEGF in 81
cases of patients, including 30 cases with chronic gastritis infected with H. pylori, 51 cases of gastric cancer, 42 cases
from GC have H. pylori and 30 cases with normal mucosa and none infected with H. pylori as control group.
Results: In H. pylori-infected patients, COX-2 expression was predominantly found in the epithelium and, to a lesser extent,
in the lamina propria. In the non infected group, few cases demonstrated weak COX-2 expression. Intensity of COX2 was significantly different between the chronic active gastritis, gastric adenocarcinoma groups and control group.
The positive rate of COX-2 was increased from chronic gastritis (60%), to gastric cancer (88.09%) in patients with H.
pylori, compared with negative ones (22.58%). COX-2 was expressed in 23 of 24 intestinal types and in 14 of 18
diffuse types' carcinomas. The negative VEGF carcinomas have turned positive for COX-2 only for 76.92% of the
cases. Different from those, the positive VEGF carcinomas have associated COX-2 immunoreactivity in 93.10% of
the cases.
Conclusions: These results suggest that COX-2 may play an important role in carcinogenesis by stimulating tumor
angiogenesis. Also, show a relation between the expressions of COX-2 and VEGF in gastric carcinomas and the
value significantly higher in the positive COX-2 carcinomas, suggesting an intense angiogenesis activity in that group
of tumors.
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pylori infection induces gastric COX-2 up regulation
and cure of the infection reduces the COX-2
expression (12).
The contribution of COX-2 at the tumor
angiogenesis includes the growth of the vascular
endothelial growth factor (VEGF: a key factor for
induction of tumor angiogenesis) expression, the
production of E prostaglandin (PGE) 2 and I
prostaglandin (PGI) 2, which may stimulate directly
the migration of the endothelial cells and the
angiogenesis induced by the growth factors, as well
as the endothelial cells’ inhibition by Bcl-2
stimulation (13, 14).
Vascular endothelial growth factor, the wellcharacterized angiogenic factor, is known to play a
major role in the multistep process leading to the
reconstruction of normal mucosa architecture. This
process is believed to be mediated through
angiogenesis, ensuring an adequate supply of
nutrients to the healing tissue (15). Moreover, VEGF
also plays a vital role in tumor-associated
microvascular invasion (16). In human gastric
cancers, VEGF has been found to be over-expressed,
and, VEGF expression has been reported to be
upregulated by H. pylori through a COX-2
dependent mechanism (17).
The aim of this study was to evaluate the
expression of Cox-2 in human chronic gastritis and
gastric carcinoma in the presence of H pylori
infection and examine the relationship between their
expression
and
angiogenesis
in
gastric
carcinogenesis.

Introduction
astric cancer is one of the most frequent and
lethal malignancies in the world (1). Early
detection of stomach cancer is difficult, and in most
western countries the 5-year survival rate is less than
20% (2). More than 90% of stomach cancers are
adenocarcinoma, which are divided into intestinal
and diffuse types by the Lauren classification (1).
Helicobacter pylori are a spiral, microaerophilic,
gram-negative bacterium that colonizes the gastric
mucosa in 25-50% and 70-90% of the population in
the developed and developing countries, respectively
(3)
.H pylori is believed to be the major contributing
factor to the development of chronic gastritis and
peptic ulcer diseases in human and strongly suggest
that H pylori infection increases the risk of
adenocarcinoma in the distal stomach (4, 5).
Helicobacter pylori induced COX-2 expression
in human gastric mucosa (6,7). Cyclooxygenase- 2
(COX-2), an inducible isoform of cyclooxygenase
enzyme, which converts arachidonic acid to
prostanoids, is strongly expressed in gastrointestinal
tumors (8). Up regulation of this inducible COX
isoform in malignancies has also been found to
associate with increased invasiveness and metastatic
potentials of the tumors (9). Cox-2 is considered “the
immediate early gene”, it is composed when the cell
is stimulated and it takes part in many
pathophysiologic processes, such as carcinogenesis
and inflammation (10).
The COX-2 overexpression alters cell kinetics,
suppresses programmed cell death, induces invasive
phenotypes, supports tumor angiogenesis and
influences cell adhesion to endothelial cells (11). H.
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Materials and Methods:
Patients and Specimens:
The studied cases included 81 cases of patients,
(45 men and 38 women) ranged between 47 and 82
years (mean 67.8 years). Who attended to Baghdad
Teaching Hospital, AL-Yarmouk Teaching Hospital
and Gastroenterology and Hepatology Teaching
Hospital. The patients including 30 cases of chronic
gastritis (CG) infected with H. pylori, 51 cases of
gastric cancer (GC), 42 cases from GC have H.
pylori. The control group included 30 cases with
normal mucosa (N) and none infected with H.
pylori. All cases of CG were endoscopically resected
biopsies while all the studied GC cases were
surgically resected gastrectomy specimens or
endoscopically resected biopsy.
Classification, grading and both pathological
staging and stage grouping of GC cases were
performed according to WHO. Patients were divided
into two groups according to the age, those ≥60
years and others <60. H. pylori were confirmed by
the rapid unease test and histology. None of these
patients was taking aspirin or NSAID. Scoring was
done by two independent investigators and the mean
score was taken in each case. Antral biopsies were
taken from the greater and lesser curvature within 2
to 3cm from the pylorus for assessment of COX-2
staining and VEGF.
Each specimen was fixed in 10%phosphatebuffered formalin immediately after resection,
embedded in paraffin and cut into 4μm-thick
sections for immunohistochemical study and routine
histological examination.

with the peroxidase-conjugated streptavidin and by
adding the substrate, which contains 3,3diaminobenzidine (DAB) in a chromogen solution,
counterstained with Mayer hematoxylin, and
mounted.

Immunohistochemistry:
Mucosal biopsies were immunostaining with
polyclonal antibodies to COX-2 (polyclonal, J1602,
1:50dilution; Santa Cruz Biotechnology, Inc.),
VEGF (polyclonal, L2702, 1:50 dilution; Santa Cruz
Biotechnology, Inc.). The primary antibody reacts
with antigen in the tissue, and then a biotin labeled
secondary antibody (link antibody) binds to the
primary antibody. When the conjugate is added, the
biotinylated secondary antibody will form a complex

Results:
Clinical and pathological data for the studied CG
cases are represented in (Table-1). Our results do not
show a significant difference between COX-2
expression and the sex and age of the patients with
gastric cancer. The expression of COX-2 with the
carcinoma group with H. pylori had significantly
higher than carcinoma group without H. pylori
(p<0.001).

Evaluation of immunostaining:
Counting the number of positive cells which gave
brown cytoplasmic staining system under light
microscope. The extent of the IHC signal was
determined in 10 fields (X100 magnification).
In each field the total number of cells was counted
and the extent of cytoplasmic staining cells was
determined as a percent. The total staining score was
divided by the number of whole cells per field in 10
fields, so the percentage of positively stained cells in
the 10 fields was calculated for each case by taking
the mean of the percentage of the positively stained
cell in the 10 fields.
To evaluate COX-2 and VEGF expression, a score
was established. Percentage of positive cells (0 = 0%
immunopositive cells, 1 = < 25% positive cells, 2 =
26%-50% positive cells, and 3 = > 50% positive
cells (2, 7).
Statistical analysis:
Data were analyzed by SPSS. The associations
between expressions of COX-2, VEGF and clinic
pathological parameters were assessed by the Chisquare test. The COX proportional hazard model
was used for multivariate analysis of prognostic
factors. P<0.05 was considered statistically
significant.

Table -1: Relation between Cox-2 expressions in selected characteristics and risk factors in subjects with gastric
cancer.
Variables
Cox-2 expression
Cox-2
P-value
-(n=9)
+(n=42)
Positive rate (%)
3
23
54.76
>0.05
Age ≥60
6
19
45.23
Ns
<60
2
22
52.38
>0.05
Sex
Male
7
20
47.61
Ns
Female
5
37
88.09
<0.001**
H. pylori infection Yes
4
5
11.90
No
** Highly significant difference (P<0.01), Ns: No significant difference (P>0.05)
Cox-2 expression was found in 42 from 81
gastric biopsies of H. pylori- infected patients
displayed positive epithelial Cox-2 expression,
including 88.09% of GC cases were positive , 60%

of chronic gastritis positive only 7 from 31 of noninfected control the difference was statistically
significant. (P<0.001) (Table -2).
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Table -2: Expression of Cox-2 in normal mucosa without H pylori and chronic gastritis and gastric cancer
with H. pylori infection
variable
Groups
No
Cox-2 Expression
Cox-2 Positive
P-value
rate (%)
0.001**
+
Cox-2
N
31
24
7
22.58
CG
30
12
18
60
GC
42
5
37
88.09
**=significant difference (P<0.001)
Cox-2 immunostaining:
Cox-2 positivity showed diffuse brown
cytoplasmic staining in epithelial cells of both GC
and CG cases. The intensity scoring ranged from 0-3
H. pylori associated gastritis exhibited strong
expression of COX-2 in foveolar and glandular
epithelium (Figure-1).
In (Table -3) Chi-square test of significant was
conducted to examine the association between COX2 in normal mucosa, chronic gastritis and gastric
cancer protein expression in gastric tissue. It was
found that highly significant association (P<0.001)
between them in the three scoring levels, the results
showed that percentage of COX-2 were elevated in
the gastric cancer group and chronic gastritis
respectively than in normal control.

Figure - 1: Gastric adenocarcinoma with strongly
positive COX-2 immunoreactions (X 400).
Staining by DAB chromagen (dark brown)
counterstained with H & E.

Table-3: Scoring of COX-2 expression in non infected patients (control) and H. pylori-infected patients with
chronic gastritis (CG), and gastric cancer (GC).
Variable
Scoreª
Groups
Total
P value
N=98
N.(n=31)
CG(n=30)
GC(n=37)
No. (%)
No (%)
No. (%)
0
24(77.41)
6(20)
0(0)
30
0.01
Cox-2
1
5(16.12)
7(23.33)
9(24.32)
21
2
2( 6.45)
13(43.33)
11(29.72)
26
3
0(0)
4(13.33)
17(45.94)
21
Scoreª:0 = 0% immunopositive cells, 1 = < 25%positive cells, 2 = 26%-50% positive cells, and 3 = > 50%
positive cells.

The COX-2 immunoreactions have become
significantly positive more frequently in gastric
carcinomas of intestinal type (95.83%), in

comparison to the carcinomas of diffuse type
(77.77%) (Table-4).

Table-4: Expression of Cox-2 in gastric carcinoma with H. pylori patients according to Lauren classification.
Histological type
No.
Cox-2 expression
Cox-2 positive
P-valve
Rate (%)
+
24
1
23
95.83
0.01
Intestinal type
18
4
14
77.77
Diffuse type
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In order to evaluate a relation between the
tumor
angiogenesis
and
the
immunohistochemical expression of COX-2 we
have evaluated the VEGF expression in the two
gastric carcinomas groups: negative COX-2 and
positive COX-2, (Table- 5).Strong expression
was also found on intestinal epithelium of gastric
cancer, (Figure -2). The VEGF value was
significantly higher in COX-2 positive
carcinomas, suggesting an invasive angiogenesis
activity within the group of tumors.
The VEGF negative carcinomas were positive
for COX-2 only in 76.92% of the cases. Unlike
these, the VEGF positive carcinomas have
associated immunoreactivity for COX-2 in
93.10% of the cases (Table-5).
Figure (2): Immunohistochemical staining (IHC) of
VEGF protein in tissue of gastric
carcinoma. Staining by DAB chromogen
(dark brown) counterstained with H& E
(X400).
Table-5: Relation between Cox-2 and VEGF in gastric carcinoma with H. pylori patients.
Parameters
Cox-2 expression
Positive rate (%)
+
n=5
n=37
3
10
76.92
VEGF negative n=13
2
27
93.10
VEGF positive n=29

P valve

0.01

of chronic atrophic gastritis (5). H. pylori up-regulate
COX-2 expression and stimulate the release of
prostaglandin E in gastric cancer cells. Prostaglandin
shows a potent immunosuppression effect by
inhibiting the T-cell or natural killer cell activity (2).
PGs thus provide a selective advantage for cancer
cell survival (19,20). The COX-2 expression was
increased from chronic gastritis; to gastric cancer
this finding shows higher expression of COX-2
protein, supporting that overexpression of COX-2
may play an important role in gastric cancer
development, because the COX-2 expression may
occur earlier than that of histologic changes in the
gastric mucosa, suggesting that COX-2 expression
can be used as a surrogate end point in an
intervention trial to inhibit the progression of gastric
lesions (23). The COX-2 immunoreactions have been
observed no significant association between the
expression of the COX-2 and the age and sex of
patients group, Similarly with Sun WH et al. did not
emphasize a significant between the COX-2
expression and the age, sex and tumor localization,
(24)
. The expression of COX-2 in patients infected
by H. pylori has become positive in our study much
more frequently in the gastric carcinomas of
intestinal type in comparison with the carcinomas of
diffuse type. The obtained data are suggestive for the
predominant expression of COX-2 in the carcinomas
of intestinal type and in their forerunning lesions
(the epithelial dysplasia and in smaller amount, the
intestinal metaplasia).

Discussion:
Tumor-induced activity of Cox-2 and related
downstream enzymes has been implicated to play a
crucial role in enhanced tumor invasion and
metastasis (1), angiogenesis, decreased host
immunity, and apoptosis resistance. Although both
Cox-1 and Cox-2 have been shown to be
constitutively expressed in many cell types in
several organ systems, Cox-2 is known to be the
mitogen-inducible isoform (18).
In this study, we have shown that COX-2 is
expressed in the epithelial lining of the stomach in
H. pylori-associated gastric carcinogenesis pathway
in chronic gastritis, and gastric cancer. This finding
implies that COX-2 might be involved in the early
stages of gastric cancer development i.e., gastric
atrophy and intestinal metaplasia (8), which was in
keeping with that reported by Sawaoka et al (19). On
the contrary, Fu et al (20) reported that in H. pyloripositive gastritis, COX-2 staining is primarily
localized in the mononuclear cells in the laminar
propria with no detectable staining in the epithelium.
The difference in localization of COX-2 staining
could be the result of variations in antibodies used in
different studies and patient heterogeneity.
In the current study, COX-2 protein
overexpression by immunostaining was found
increased in cancer a tissue which is identical to the
data published by (10, 21, 22). One possibly for this
result is high incidence of H. pylori infection. H.
pylori have been to contribute to initiating mucosal
injury in the stomach and subsequent development
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The COX-2 immunopositivation appears in our
study as a precocious event in the sequence involved
in the gastric carcinoma of intestinal types
development (25,26).The overexpression of COX-2
may induce an aggressive biological behavior of the
neoplasm, involved in the invasion and metastasis
process (27, 28).
It was recently reported that a Cox-2 promoter
construct, which is silent in non-malignant cells
without an exogenous stimulation, (29). This may
suggest that transcription of the Cox-2 gene is
activated in some malignant cells, which may be due
to activation of oncogenes or inactivation of
antioncogenes (24). Because Cox-2 is very unstable
and its stability can be regulated (19,27), it is possible
that dysregulations of post-transcriptional processing
of Cox-2 transcripts is also associated with
carcinogenesis. Prostanoids produced by Cox-2 may
facilitate tumor progression by several mechanisms:
they may act as growth and differentiation factors, as
immunosuppressors, and as angiogenic agents (30, 31).
The tumor growth and metastasis is dependent
upon the new blood vessel formation. Tumor
angiogenesis is associated with the production of
highly permeable and poorly formed vasculature
thereby facilitates the metastasis of tumor cells via
the bloodstream (32). VEGF in the COX-2- positive
tissues was markedly higher than that in the COX2-negative tissues, thereby suggesting an association
between COX-2 expression and VEGF in gastric
carcinomas (2). Tumor angiogenesis is controlled by
a balance between angiogenic and angiostatic
regulators involved in multiple pathways that result
in endothelial proliferation, differentiation and
organization into a functional network of vascular
channels (15).

In our study, VEGF was over-expressed in
gastric cancer tissues. The results suggested that
VEGF might be mainly involved in the progression
of gastric carcinoma. The mean value of VEGF
positive tumors was significantly higher than that of
VEGF negative tumors, suggesting that VEGF may
facilitate tumor progression by promoting tumor
angiogenesis (33). These results were confirmed by
other study, we have reported that COX-2
expression levels, correlated well with VEGF levels.
It has also been shown that host COX-2 expression
in cells plays an important role in gastric cancer
progression (34,35).
The application of the COX-2 and VEGF
immunostainings on the endobioptic fragments
before the surgical treatment could be used in the
prediction of the clinical evolution and the presurgical selection of the adjuvant therapy in gastric
cancer patients. Regarding this, the COX-2 activity
inhibition could have an important therapeutic effect
in the control of the gastric neoplasm.
Conclusions:
The COX-2 immunoreactions have been
significantly more frequent noticed in the gastric
carcinomas with H. pylori, than in the normal
peritumoral mucosa non-infected with H. pylori, an
association between the immunohistochemical
expressions of COX-2 and VEGF in gastric
carcinomas, leads to increased angiogenesis, which
may be the mechanisms underlying the development
of gastric cancer. VEGF might play a main role in
the COX-2 angiogenic pathway. Inhibition of
angiogenesis or COX-2, VEGF activity may have an
important therapeutic benefit in the control of gastric
cancer.

References
1-Yashima, K; Sasaki, S; Koda, M; Kawaguchi, K;
5-Tsukanov, V; Butorin, N; Maady, A; Shtygasheva,
Harada, K. and Murawaki, Y. Premalignant
O; Amelchugova, O; Tonkikh, J. and Fassan, N.
lesions in gastric cancer .Clinical Journal of
Helicobacter
pylori
Infection,
Intestinal
Gastroenterology.(2010); 3(1):6-12.
Metaplasia, and Gastric Cancer Risk in Eastern
2-Mao, X; Wang, X; Lv, Y; Xu, L. and Han, C.
Siberia. Helicobacter. 2011; 16(2): 107-12.
COX-2 expression in gastric cancer and its
6- Hisatsune , J.; Yamasaki, E.; Nakayama, M.;
relationship with angiogenesis using tissue
Shirasaka, D.; Kurazono, H.; Katagata, Y.;
microarray. World J Gastroenterol. 2007;13(25):
Inoue, H.; Han, J.; Sap, J.; Yahiro, J.; Moss, J.
3466-3471.
and Hirayama, K. Helicobacter pylori VacA
3-Yin, Y; Grabowska, A; Clarke, P; Whelband, E;
Enhances Prostaglandin E2 Production through
Robinson, K; Argent, R; Tobias, A; Kumari, R;
Induction of Cyclooxygenase 2 Expression via a
Atherton, J. and Watson, S. Helicobacter pylori
p38
Mitogen-Activated
Protein
potentiates epithelial: mesenchymel transition in
Kinase/Activating Transcription Factor 2
gastric cancer: links to soluble HB-EGF, gastrin
Cascade in AZ-521 Cells. 2007; 75 (9): 4472-81.
and matrix metalloproteinase-7. Gut. 2006;
7- Joo, Y; Chung, I; Park, Y; Koh, Y; Lee, J; Park,
59:1037-45.
C; Lee, W; Kim, H; Choi, S; Rew, J; Park, C.
4- Wu, C; Wang, C; Tseng, C; Chen, H; Wu, M;
and Kim, S. Expression of Cyclooxygenase-2,
Lin, J. and Inoue, H.
Helicobacter pylori
p53 and Ki-67 in Gastric Cancer. J Korean Med
promote gastric cancer cells invasion through a
Sci.(2006);21: 871-876.
NF-κB and COX-2-mediated pathway. World J
8- Sung, J; Leung, W; Go, M; To, K; Cheng, A.; Ng,
Gastroenterol. 2005; 11(21):3197-3203.
E. and Chan, F. Cyclooxygenase-2 Expression in
Helicobacter pylori-Associated Premalignant and

60

Iraqi J. Comm. Med., Jan. 2013 (1)

Expression of (COX-2) in H Pylori Premalignant & Malignant Gastric Lesion-association with Tumor Angiogenesis Wasan A. Bakir

Malignant Gastric Lesions. American Journal of
Pathology.(2000);157(3): 729.735.
9-Yamagishi, M; Noda, M; Tatsumi, Y; Mukaisho,
K; Mitsufuji, S; Sugihara, H;
Okanoue, T. and Hattori, T. Correlation between
cyclooxygenase- 2 proliferative activity, and
mucin phenotype in human advanced gastric
cancer. J Gastroenterol. 2004; 39: 1143-9.
10-Han, Z.; Hong, L.; Han, Y.; Wu, K.; Han, S.;
Shen, H.; Li, C.; Yao, L.; Qiao, T. and Fan, D.
PhosphoAkt mediates multidrug resistance of
gastric cancer cells through regulation of P-gp,
Bcl-2 and Bax. J Exp Clin Cancer Res.
(2007);26(2):261–268.
11- Liu, F.; Pan, K.; Zhang, X.; Zhang, Y.; Zhang,
L.; Ma, J.; Dong, C.; Shen, L.; Li, L.; Den, D.;
Lin, D. and You, W. Genetic Variants in
Cyclooxygenase-2: Expression and Risk of
Gastric Cancer and Its Precursors in a Chinese
Population Gastroenterology. 2006; 130:197584.
12-Walduck, A.; Weber, M.; Wunder, C.; Juettner,
S.; Stolte, M.; Vieth, M.; Wiedenmann, B.;
Meyer, T.; Naumann, M. and Hoecker, M.
Identification of novel Cyclooxygenase-2dependent genes in Helicobacter pylori infection
in vivo. Molecular Cancer. 2009; 8(22): 1-13.
13- Rocco1, A.; Caruso, R.; Toracchio, S.; Rigoli,
L.; Verginelli, F.; Catalano, T.; Neri, M.; Curia,
M.; Ottini, L.; Agnese, V.; Bazan, V.; Russo, A.;
Pantuso, G.; Colucci, G.; Mariani-Costantini, R.
and Nardone, G. Gastric adenomas: relationship
between
clinicopathological
findings,
Helicobacter pylori infection, APC mutations
and COX-2 expression. Annals of Oncology
(Supplement 7). (2006); 17:103–8.
14- Walther Z. COX-2 and Angiogenesis in Gastric
Cancer. Journal of Clinical Gastroenterology.
(2003); 37(1): 4-6.
15- Zhao, H.; Qin, R.; Chen, X.; Sheng, X.; Wu, J.;
Wang, D. and Chen, G. Micro vessel density is a
prognostic marker of human gastric cancer.
World J. Gastroenterol. 2006; 12(47): 7598-603.
16- Kago, T.; Shibahara, K.; Kabashima, A.;
Sumiyoshi, Y.; Kimura, Y.; Takahashi, I.; Kakeji,
Y. and Maehara, Y. Overexpression of
cyclooxygenase- 2 and tumor angiogenesis in
human gastric cancer. Hepatogastroenterology.
2004; 51:1626-1630.
17- Yao, L.; Liu, F.; Hong, L.; Sun, L.; Liang, S.;
Wu, K. and Fan, D. The function and mechanism
of COX-2 in angiogenesis of gastric cancer cells.
J Exp Clin Cancer Res. 2011; 30(1): 13.
18- Chan, Y; Wu, M; Lin , J. and Chen, C.
Helicobacter pylori-Induced Invasion and
Angiogenesis of Gastric Cells Is Mediated by
cyclooxygenase-2 Induction through TLR2/TLR9
and Promoter Regulation. The Journal of
Immunology. 2005; 175: 8242-52.

19- Sawaoka, H.; Kawano, S.; Tsuji, S.; Tsuji, M.;
Sun, W.; Gunawan, ES. and Hori, M.
Helicobacter
pylori
infection
induces
cyclooxygenase-2 expression in human gastric
mucosa. Prostaglandins Leukot Essent Fatty
Acids. 1998; 59:313-316.
20- Fu, S.; Ramanujam, KS. Wong, A.; Fantry, G.;
Drachenberg, C., James, S.; Meltzer, S. and
Wilson, K. Increased expression and cellular
localization of inducible nitric oxide synthase and
cyclooxygenase 2 in Helicobacter pylori gastritis.
Gastroenterology. (1999); 116:1319-1329.
21- Walker, M.Cyclooxygenase-2 expression in
early gastric cancer, intestinal metaplasia and
Helicobacter pylori infection. European Journal
of Gastroenterology & Hepatology. 2002;
14(4):347-9.
22- Leung, W.; Wu, K.; Wong, C.; Cheng, A.;
Ching, A.; Chan, A.; Chong, W.; Go, M.; Yu, J.;
To, K.; Wang, X.; Chui, Y.; Fan, D. and Sung, J.
Transgenic cyclooxygenase-2 expression and
high salt enhanced susceptibility to chemicalinduced gastric cancer development in mice.
Carcinogenesis. 2008; 29(8):1648-54.
23- Lim, H.; Joo, H.; Choi, J.; Yi, J.; Yang, M.; Cho,
D.; Kim, H.; Nam, D.; Lee, K. and Kim, H.
Increased expression of COX-2 protein in human
gastric carcinoma. Clin. Cancer Res. (2000);
6:519-525.
24-Samaka, R.; Abdou, A.; Abd el wahhd, M.;
Kandil, M. and El kady N.Cyclooxygenase-2
expression in chronic gastritis and gastric
Carcinoma,
Correlation
with
Prognostic
Parameters. Journal of the Egyptian Nat. 2006;
18)4): 363-74.
25- Van der Woude, C.; Kleibeuker, J.; Tiebosch, A.;
Homan, M.; Beuving, A.;
Jansen, P. and Moshage, H. Diffuse and intestinal
type gastric carcinomas differ in their expression
of apoptosis related proteins. J. Clin. Pathol.
2003; 56:699–702.
26 -Lazar, D.; Taban, S.; Ardeleanu, C.; Simionescu,
C.; Sporea, I.; Cornianu, M. and Vernic. C.
Immunohistochemical
expression
of
thecyclooxygenase-2 (COX-2) in gastric cancer.
The correlations with the tumor angiogenesis and
patients’ survival. Romanian Journal of
Morphology and Embryology. 2008; 49(3):371-9.
27- Joo, Y.; Oh, W.; Rew, J.; Park, C.; Choi; S. and
Kim, S. Cyclooxygenase-2 expression is
associated with well-differentiated and intestinaltype pathways in gastric. Carcinogenesis
Digestion. 2002; 66(4):222–228.
28- Han, S.; Tang, H.; Hua, Y.; Jis, Q. and Lin, D.
Expression of COX-2 in stomach cancers and its
relation to their biological features. Dig Surg.
(2003); 20(2):107–114.
29-Tatsuguchi, A.; Matsui, K.; Shinji, Y.; Gudis,
K.; Tsukui, T.; Kishida, T.; Fukuda, Y.;
Sugisaki, Y.; Tokunaga, A.; Tajiri, D. and

61

Iraqi J. Comm. Med., Jan. 2013 (1)

Expression of (COX-2) in H Pylori Premalignant & Malignant Gastric Lesion-association with Tumor Angiogenesis Wasan A. Bakir

Sakamoto, C. Cyclooxygenase-2 expression
correlates with angiogenesis and apoptosis in
gastric cancer tissue. 2004; 35(4):488-95.
30- Affara, N. and Robertson, F. Vascular
endothelial growth factor as a survival factor in
tumor-associated angiogenesis. In Vivo J. 2004;
18: 525-542.
31- Ferrara, N.; Gerber, H. and LeCouter, J. The
biology of VEGF and its receptors. Nat Med.
2003; 9: 669-676.
32-Hong- Zhao, C.; Qin, R.; Chen, X.; Sheng, X.;
Wu, J.; Wang, D. and Chen, G. Micro vessel
density is a prognostic marker of human gastric
cancer; The World J Gastroenterol. 2006;
12(47):7598-603
33- Young-Eun, J; Jong-Sun, R; Young-Ho, S; SungKyu, C; Young-Jin, K; Chang-Soo, P. and SeiJong, K. Cyclooxygenase-2 Overexpression

Correlates With Vascular Endothelial Growth
Factor Expression and Tumor Angiogenesis in
Gastric
Cancer.
Journal
of
Clinical
Gastroenterology. 2003; 37(1):28-33.
34- Tatsuguchi, A.; Matsui, K. and Shinji, Y.
Cyclooxygenase-2 expression correlates with
angiogenesis and apoptosis in gastric cancer
tissue, Hum. Pathol. 2004; 35: 488–95.
35- Yoshida, S.; Amano, H.; Hayashi, I.; Kitasat,
H.; Kamat, M.; Inukai, M.; Yoshimur, H.
and Majima,
M.
COX-2/VEGF-Dependent
Facilitation of Tumor-Associated Angiogenesis
and Tumor Growth in vivo. Lab Invest. 2003;
83:1385–1394.
* Iraqi Center for Cancer and Medical Genetic Research,
Al-Mustansiriya University. Baghdad. Iraq.

62

Iraqi J. Comm. Med., Jan. 2013 (1)

