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Abstract Objective To evaluate the interaction between cyclooxygenase(COX-2) and inducible nitric oxide syn鄄
thase (iNOS) in gastric adenocarcinoma. Methods Immuno-histochemical stain was used for detecting the expression
of COX-2 and iNOS in 45 resected specimens of gastric adenocarcinoma; the monoclonal antibody against CD34
was used for displaying vascular endothelial cells, and microvascular density (MVD) was detected by counting of
CD34-positive vascular endothelia cells. Paracancerous tissues were examined as control. Results Immunohistological
staining with COX-2 or iNOS-specific polyclonal antibody showed cytoplasmic staining in the cancer cells. The
rate of expression COX -2, iNOS and MVD index in gastric cancers were significantly increased, compared with
those in the paracancerous tissues (77.78% vs 33.33%, 68.89% vs 17.78%, 58.13依19.99 vs 24.02依10.28, <0.01, <
0.005,

<0.05, respectively). Moreover, MVD in COX -2 -or iNOS -positive specimens was higher than that in

COX-2-or iNOS-negative specimens (61.29依14.31 vs 45.38依12.42,54.68依16.07 vs 31.42依12.34,

<0.05,

<

0.001).Both COX-2 and iNOS expression were positively correlated with MVD (r=0.63, r=0.54, <0.05, <0.05).
The rate of COX-2 expression in the iNOS-positive was significantly increased, compared with that of the negative
( <0.05). Conclusion Expression of COX-2 and iNOS might cooperatively produce the occurance of gastric carci鄄
noma and involve in tumor angiogenesis in gastric carcinoma, both COX-2 and iNOS may be new therapeutic tar鄄
get for anti-carcinogenesis.
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C

yclooxygenase

(COX) is a key enzyme in the

conversion of arachidonic acid to prostaglandin,

NOS and high levels of prostaglandins generated by
COX -2 are important mediators of inflammatory re鄄

and two isoforms of COX, namely COX -1 and

sponses. Recently, it has been recognized that both

. COX-1 is constitu鄄

tively expressed in many tissues and is considered to be

COX-2 and iNOS play important roles in the human
carcinogenesis [5-8].We have also reported that expression

involved in various physiological functions, whereas

of COX -2 and iNOS is responsible for enhanced tu鄄

COX-2 is induced by pathological stimuli, such as in鄄

mor growth and metastasis in gastric carcinoma[9,10].

COX-2, have been identified

[1,2]

Recent data indicated that NO produced by iNOS

flammation,various growth factors and cytokines pro鄄
duced by tumor cells [1-3]. Nitric oxide synthase (NOS)

increases the activity of COX-2

also exists in constitutive and inducible form . The con鄄

coexpression of COX-2, iNOS and microvascular den鄄

stitutive form results in the production of physiologic

sity (MVD) in gastric cancer. The aim of this study was

levels of NO that are important in many tissues, where鄄

to determine the interection between COX-2 and iN鄄

as iNOS is related to a high output pathway and is re鄄

OS in gastric carcinoma.

[4]

.We investigated the

[11]

sponsible for various pathological processes[4].
Elevated levels of NO produced by expression of i鄄
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Materials
Forty -five patients with gastric adenocarcinomas
who were confirmed pathologically received gastroec鄄
tomy in our hopital from January 2000 to October

8
2001. In this subjects, gastric tumors and paracancerous

0,1,2,3. A minimum of 10 high power view was used

tissues (more than 5cm away from the focus) were ob鄄

to assess COX-2 or iNOS expression level. If the sum

tained from resected specimen. Of these, 35 patients

of two scores was 1-3, the slice would be considered as

were male, and 10 female, with a mean age of 57.51依

low-expression of COX-2 or iNOS; whereas 4-6, it

10.73(33 to 78)years old. Patients who had received ra鄄

would be considered as high-expression of COX-2 or

diotherapy or chemotherapy before gastroectomy were

iNOS. When the cytoplasm of theirs stained brown or

excluded. Histologically, they were classified by the

brownish yellow,vascular endothelial cells were CD34-

WHO criteria,5 were highly differentiated adenocarci鄄

positive; the microvessels were counted according to the

noma, 10 moderately -differentiated, 27 poorly -differ鄄

number of single endothelial cell or endothelial cell clus鄄

entiated, and 3 undifferentiated. As regards to the size of

tor showing brownish yellow granules in the cytoplasm.

cancer, 20 were <5cm, 25逸5cm; 33 tumors invaded to

The slices were observed first microscopically under the

the serosa and 12 tumors did not. 36 cases had local

low power (伊40), then selected the most dense area of

lymph node metastasis.

microvessel and the high power (伊200, the surface area
of every vision field being 0.785mm2), and the number

Reagents and methods
Antibody against COX-2 was purchased from Santa

of microvessel in 3 vision field were counted and took
the average as MVD of this specimen[12].

Cruz Biotechnology Inc; antiboby against iNOS was
purchased from Wu Han Boster Co.Ltd; antiboby a鄄
gainst CD34 and ready to use SP immunohistochemical

COX -2, iNOS and MVD expression and distribu鄄
tion

reagent box were purchased from Fujian Maixin CO,

The positive expression of COX -2 and iNOS was

Ltd. Formalin-fixed, paraffin-embedded surgical speci鄄

mainly diffusedly located at in the cytoplasm. 77.78%

mens from 45 cases of gastric carcinoma were available

(35/45)cases of gastric carcinomas showed COX-2 pos鄄

and sliced sequentially with a thickness of 4滋m. The

itive expression while high-expression was detected in

slices carrying the detected antigen were dyed with SP

22 cases, low-expression in 13 cases. 33.33%(15/45)cas鄄

immunohistochemical staining method, and those in the

es of paracancerous tissues showed COX -2 positive

control group were dyed according to the above

expression while high -expression was only detected in

method, with the first antibody substituted by PBS.

3 cases. The rate and density of COX-2 expression in

Statistical methods

cancerous tissues were significantly higher than that in
paracancerous tissues (字2 =18, 字2 =6.09, <0.005, <

The data were presented as 字依s; numerical variable
test; COX-2, iNOS
by 字2 test; enumeration data by
relationship with MVD by spearman rank correlation

0.05, respectively). The positive expression rate of iN鄄

test(depending on the quantitative index of COX-2, i鄄

45) of paracancerous tissues showed iNOS positive ex鄄

NOS and MVD).

pression, while high-expression was not detected. The

OS was 68.89%(31/45), while high-expression was de鄄
tected in 24 cases, low-expression in 7 cases. 17.78%(8/

rate and density of iNOS expression in cancerous tissues
were significantly higher than that in paracancerous tis鄄
sues (字2=23.94, <0.005).
The cytoplasm of the gastric cancer cells stained
brown granules were identified to be positive for
COX -2 or iNOS. Only the nucleuses staining blue
were identified to be negative for COX -2 or iNOS.
COX-2 and iNOS expression were scored semi-quan鄄
titatively respectively according to the density and the
percentage of positively stained tumor cells into score

The mean MVD in gastric carcinoma was signifi鄄
cantly higher than that in para-cancerous tissues(58.13依
19.99,24.02依10.28, =10.18,

<0.001).The positive ex鄄

pression of CD34 was mainly presented as brownish
yellow or brownish granules in the cytoplasm of vascu鄄
lar endothelial cells. New blood vessles in the cancerous
lesions had no regular figure and were not well dis鄄

9
Table The relationship between the rate of COX-2 and iNOS

important role in occurrence of gastric cancer. We

expression

found that the MVD in COX -2 positive tumors was

COX-2

significantly higher than that in COX -2 negative tu鄄

iNOS

n

mors, MVD in gastric carcinoma was higher than that

7

35

to the pattern of COX-2 in gastric carcinoma. A close

3

7

10

31

14

45

positive

negitive

positive

28

negitive
n
字2 =6.93,

<0.05, the rate of COX -2 expression in the iNOS -

positive compared with the negative.

lated to tumor angiogenesis, and may be one of impor鄄
tant factors involved in gastric carcinoma angiogenesis.
It is shown that the expression of iNOS in most tu鄄
The carcinogenesis of iNOS is mainly caused by its

The relationship between the rate of COX-2 and i鄄
NOS expression

There was significant correlation between the ex鄄
pression of COX-2 and iNOS in gastric carcinoma, as
shown in table.

product NO and the metabolites of NO, such as acti鄄
vated oxygen, activated nitrogen and excessively oxidat鄄
ed nitrite, which can cause the damage of DNA, induce
mutation and increase oxidative stress [22,23]. Excessive i鄄
NOS may restrain apoptosis of tumor cells

. In this

[7]

study, we found that the rate of iNOS expression in

The relationship between the rate of COX-2, iNOS
expression and MVD

The result showed that MVD (61.29 依14.31)in the
COX -2 positive gastric cancerous tissues was higher
than that(45.38依12.43)in the COX-2 negative one( =
<0.001).The expression of COX -2 was posi鄄

tively correlated with MVD ( =0.63, P <0.05). MVD
(54.68 依16.07)in the iNOS -positive gastric cancerous
tissues was higher than that (31.42依12.34)in the nega鄄
tive one ( =7.70,

correlation was detected between MVD and COX -2
渊 <0.01冤, which indicated that COX-2 was closely re鄄

mor tissue is higher than that in the normal one [20,21].

tributed.

5.64,

in paracancerous tissues, and its distribution was similar

<0.001). The expression of iNOS

was positively correlated with MVD ( =0.54, <0.05).

gastric cancer was significantly increased, compared with
that in the paracancerous tissues, a close correlation was
present between MVD and iNOS渊 <0.01冤. The above
findings suggusted iNOS was closely related to the for鄄
mation of gastric carcinoma, and may be one of impor鄄
tant factors involved in gastric carcinoma angiogenesis.
COX -2 shares significant features with iNOS in
terms of its tissue distribution and participation in
pathophysiological phenomena, iNOS and COX -2
work cooperatively and increases its catalytic output [24-30].
In vitro, on adding the NO donor, the PGE2 level was
increased 2耀20 times due to increased COX-2 expres鄄
sion. This increase of COX-2 expression by SNAP or
PMA (potent inducer of both iNOS and COX-2) was

In the current study, we found that the rate of
COX -2 expression in gastric cancer was significantly
increased, compared with that in the paracancerous tis鄄
sues, the expression of COX -2 showed cytoplasmic
staining. A similar pattern of COX -2 expression has
previously been found in human gastric cancer [13 -17].
Human gastric mucosa normally expresses barely de鄄
tectable levels of COX -2 protein

.The above data

[18,19]

demonstrated COX-2 was up-regulated in human gas鄄
tric cancer, which suggested that COX-2 may play an

blocked to various degrees by NO scavengers and NOS
inhibitors [31]. Although there is extensive evidence that
NO increases COX-2 activity, the mechanisms of this
effect have not been elucidated. Liu

reported that

NO through catenin signaling stimulated PEA3, an Ets
transcription factor, to increase COX-2 activity[32].
In this study, we demonstrated that the expression
level of COX-2 and iNOS was significantly higher in
gastric cancer tissue than in the paracancerous tissues,
and there was significant correlation between the ex鄄
pression of COX -2 and iNOS in carcinoma tissues.

10
The expression of COX -2 and iNOS may be one of

pression of iNOS,VEGF, tumor angiogenesis and gastric cancer.

the factors that contribute to gastric carcinogenesis.
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There was significant correlation between positive
COX -2 and positive iNOS expression.These findings
suggested COX-2 and iNOS expression might cooper鄄
atively contribute to the occurance of gastric carcinoma
and involve in tumor angiogenesis in gastric carcinoma,
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