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ABSTRACT
The role of cyclooxygenase-2 (COX-2) in tumor neovascularization of human colorectal carcinoma is yet to be
delineated. One hundred colorectal carcinoma specimens
were evaluated for COX-2 expression and CD34-stained
microvessel density (MVD) by immunohistochemical methods. The relationships between COX-2 expression and clinicopathological feature of the patients, MVD, and survival
time were analyzed. Increased COX-2 expression was significantly correlated with pathologically unfavorable findings such as tumor size (>3.0 cm), tumor differentiation
(poor, moderate > well differentiated), number of metastatic lymph nodes (>4), and Dukes’ stage (Dukes’ B, C, and
D). Larger number of microvessels congregated around the
COX-2-expressing area, and the Spearman rank correlation
test showed a strong correlation between COX-2 expression
and tumor MVD (P < 0.0001). Patients with COX-2-positive
tumors had a significantly (P ⴝ 0.037, by log-rank test)
shorter survival time than those with negative tumors did. In
the multivariate analysis, however, only Dukes’ stage and
number of metastatic lymph nodes remained as independent
prognostic factors. Augmented tumor neovascularization
may be one of the several effects of COX-2 responsible for
poor prognosis in human colorectal carcinoma patients.

INTRODUCTION
Several previous studies indicated that NSAIDs2 can prevent the development of colorectal carcinoma in humans. The
major target of NSAIDs is COX, which catalyzes the conversion
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of arachidonic acid to prostaglandin H2, the common precursor
for all prostanoids (1). Thus far, two COX isozymes have
been identified, the constitutive COX-1 and inducible COX-2.
COX-1 is expressed in normal intestine, but its expression is not
altered in intestinal tumors. In contrast, COX-2 is undetectable
in normal intestine (2), and its expression is significantly increased in up to 85% of colorectal adenocarcinomas (3, 4).
Similarly, an elevated COX-2 expression has been detected in
several other carcinomas including esophageal carcinoma (5),
hepatocellular carcinoma (6), and gastric carcinoma (7), in
which COX-2 expression is correlated with poor prognostic
outcome.
Tumor growth is dependent on angiogenesis (8), and several studies have indicated that higher MVD in colorectal carcinoma is associated with poor patient prognosis (9, 10). Recent
evidence suggests that COX-2 contributes to neovascularization
and may support vasculature-dependent solid tumor growth and
metastasis in animal experiments (11) and in in vitro studies
(12). However, the relationship between COX-2 expression and
tumor neovascularization in colorectal carcinoma is yet to be
delineated.
In this study, we investigated the correlation of COX-2
expression with tumor MVD, clinicopathological characteristics, and prognosis in colorectal carcinoma patients.

MATERIALS AND METHODS
Patients and Tissues. One hundred colorectal carcinoma
patients of different Dukes’ stages (25 from each of the Dukes’
A, B, C, and D stages) were selected randomly from patients
operated on between 1990 and 1999 in the Second Department
of Surgery, Shimane Medical University. None of them had any
preoperative radiochemotherapy. Fifty-eight patients had postoperative chemotherapy, and one patient had radiotherapy. Five
patients who had died of other diseases than colorectal carcinoma were excluded from survival analysis. The mean follow-up period was 4.5 years.
Immunohistochemical Stainings. The representative
sections containing both the normal mucosa and tumor tissue
were selected for this study. A Universal Immuno-enzyme Polymer method was used for immunostaining. Briefly, slides were
deparaffinized, rehydrated, and treated with 3% H2O2 for 15
min to quench endogenous peroxidase activity. Nonspecific
bindings were blocked by treating slides with normal rabbit
serum for 30 min. The slides were incubated with mouse monoclonal antibodies against COX-2 (Cayman Chemical Co., Ann
Arbor, MI; dilution 1:300, for 14 h at 4°C; Ref. 13) and CD34
(CD34 Class II; DAKO A/S Glostrup, Denmark; dilution 1:50;
for 1.5 h at room temperature; Ref. 14). Next, slides were
incubated with labeled polymer [N-Histofine Simple Stain
PO(M); Nichirei Co., Tokyo, Japan] for 30 min at room temperature. Color development was done with the peroxidase
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substrate AEC (3-amino-9-ethylcarbazole). The slides were finally counterstained with Meyer’s hematoxylin. A positive and
negative control slide were always included in each immunostaining.
Evaluation of Staining. The slides were evaluated under
a transmission light microscope by two separate investigators
(R. M. and D. K. D.) in a blind manner in terms of the patient’s
background. For COX-2 assessment, staining intensity was
scored as 0 (negative), 1 (weak), 2 (medium), and 3 (strong).
Extent of staining was scored as 0 (0%), 1 (1–25%), 2 (26 –
50%), 3 (51–75%), and 4 (76 –100%) according to the percentages of the positive staining areas in relation to the whole
carcinoma area. The sum of the intensity and extent score was
used as the final staining score (0 –7) for COX-2 (5, 8). Tumors
having a final staining score of ⬎2 were considered to be
positive.
For MVD assessment, specimens were examined under a
light microscope, and the three most hypervascular areas were
selected under low magnification. Any single endothelial cell or
cluster of endothelial cells was counted as a single microvessel.
MVD was expressed as the number of vessels per high-power
field (⫻200). The mean value for three fields was regarded as
the MVD for each tumor.
Double Staining of COX-2 and MVD. Double immunostaining was performed to simultaneously localize COX-2
and microvessels on several slides using a Labeled-[strept]Avidin-Biotin method as described previously (15). An affinitypurified biotinylated secondary antibody in conjunction with
streptavidin-peroxidase and streptavidin-alkaline phosphatase
was used. Two distinct substrate/chromogen/enzyme systems
were used: 5-bromo-4-chloro-3-indolyl phosphate/nitroblue tetrazolium/alkaline phosphatase produced a dark purple color and
hydrogen peroxide/3,3⬘-diaminobenzidine/peroxidase produced
brown color. Primary antibodies were same as above.
Statistical Analysis. All statistical analyses were carried
out with Statistical Analysis System software (Version 5.0, Stat
View). The relationship between COX-2 expression and categorical variables was compared with the 2 test, or Fisher’s
exact probability test when appropriate. Continuous variables
were compared with the Mann-Whitney U test. The strength of
association between the COX-2 score and MVD was assessed
by the Spearman rank correlation test. The Kaplan-Meier
method was used to estimate survival, and differences were
analyzed by the log-rank test. The Cox proportional hazards
model was used for multivariate analysis of prognostic factors.
P ⬍ 0.05 was considered to be significant.

RESULTS
Relationship between the COX-2 Expression and Clinicopathological Findings. The expression of COX-2 was positive (3–7 of the final staining score) in 76% and negative (0 –2)
in 24% of the tumors studied (Table 1). COX-2 was observed
mainly in the tumor area. Normal colonic mucosa adjacent to the
COX-2-positive tumors was not stained or occasionally stained
weakly for COX-2 (Fig. 1A). The associations between clinicopathological variables and COX-2 expression are shown in
Table 1. There was no significant association between COX-2
expression and patient age (P ⫽ 0.24), sex (P ⫽ 0.21), and

Table 1

Correlation of clinicopathological findings with
COX-2 expression
COX-2 expressiona

Clinical feature
Age (yr)b
ⱕ65
⬎65
Sex
Male
Female
Tumor size (cm)
⬍3.0
ⱖ3.0
Location
Right
Left
Differentiation
Well
Moderate
Poor
No. of metastatic
lymph nodes
ⱕ3
ⱖ4
Dukes’ stage
A
B
C
D
MVD

Case no.

Negative
(n ⫽ 24)

Positive
(n ⫽ 76)

50
50

15
9

35
41

0.24

59
41

11
13

48
28

0.21

21
79

9
15

12
64

0.047

25
75

5
19

20
56

0.79

45
51
4

17
6
1

28
45
3

0.012

83
17

24
0

59
17

0.006

25
25
25
25

14
2
5
3
44.4 ⫾ 19.3

P

11
0.0002
23
20
22
86.0 ⫾ 37.3 ⬍0.0001c

a
“Negative” and “Positive” mean 0 –2 and 3–7 of the final score,
respectively.
b
Cut-off value is the median value.
c
Mann-Whitney U test.

tumor location (P ⫽ 0.79). On the other hand, there were
significant differences between COX-2 expression and various
pathological characteristics, including tumor size (P ⫽ 0.047),
tumor differentiation (P ⫽ 0.012), number of metastatic lymph
nodes (P ⫽ 0.006), and Dukes’ stage (P ⫽ 0.0002). The average
number of MVD was almost double in COX-2-positive tumors
compared with COX-2-negative tumors(86.0 ⫾ 37.3 versus
44.4 ⫾ 19.3, respectively) with a significant statistical difference (P ⬍ 0.0001).
Correlation between COX-2 Expression and MVD. A
statistically significant (Spearman correlation test, P ⬍ 0.0001,
 ⫽ 0.67) correlation was observed when MVD was plotted
against COX-2 score for individual cases by simple linear
regression (Fig. 2). As shown by the double immunohistochemical staining, in the immediate vicinity of strong COX-2expressing tumors large numbers of discrete blood vessels were
detected (Fig. 1B).
Univariate and Multivariate Analyses of Prognostic
Variables. Prognostic variables were analyzed by the log-rank
test (Table 2). Statistically significant differences in survival
were observed according to Dukes’ classification (A/B versus
C/D, P ⬍ 0.0001), metastatic lymph node number (ⱕ3 versus
ⱖ4, P ⬍ 0.001), COX-2 expression (negative versus positive,
P ⫽ 0.037; Fig. 3A) and MVD (ⱕ100 versus ⬎100, P ⫽ 0.007;
Fig. 3B). After multivariate analysis with the Cox proportional
hazards model, only Dukes’ classification and number of met-
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Fig. 2 Number of MVD was plotted against the COX-2 score for
individual cases by simple linear regression. A significant statistical
(P ⬍ 0.0001,  ⫽ 0.67) correlation between COX-2 expression and
MVD was observed in most of the tumors.

Table 2

Univariate and multivariate analyses of prognostic variables
Univariate

Fig. 1 A, immunohistochemical staining for COX-2 in a representative
section of colorectal carcinoma is shown (red by 3-amino-9-ethylcarbazole shows positive staining and blue by Meyer’s hematoxylin shows
counterstain). COX-2 expression was restricted mainly in the tumor
areas. Normal colonic mucosa adjacent to the COX-2-positive tumor
was not stained or occasionally stained weakly for COX-2 (⫻40). B,
immunohistochemical double staining for COX-2 (brown by 3,3⬘-diaminobenzidine) and CD34 (dark purple by 5-bromo-4-chloro-3-indolyl
phosphate/nitroblue tetrazolium). In the immediate vicinity of strong
COX-2-expressing tumor, large numbers of discrete blood vessels were
stained for CD34 (⫻40).

astatic lymph nodes retained their strength as independent predictors of survival. Although both COX-2 expression and MVD
were unable to predict prognosis independently, COX-2 had a
better predictability of prognosis than MVD (relative risk, 1.47
versus 1.21, respectively).

DISCUSSION
Colorectal cancer is one of the deadliest malignancies with a
grim prognosis and accounted for an estimated 55,000 deaths in the
United States alone in 1998 (16). A similar trend of increasing
incidence and poor outcome have been reported in Japan also (17).
Among the several new treatment strategies to treat these patients,
NSAIDs have drawn much attention in recent years. NSAIDs
exhibited a significant antitumor effect in animal models (18, 19)
and colorectal polyps in humans (20, 21). Although the exact
mechanism of this antitumor effect is not clear, it has been postulated that this effect could be partially attributable to the antiangiogenic effect through modulation of COX-2 activity (19). Results
from several experimental models indicate that COX-2 expression
is associated with augmentation of neovascularization (11). However, to date, it is not clear whether a similar correlation exists in the
clinical setting in colorectal carcinoma patients. This is the first
report showing compelling evidence that COX-2 expression in

Dukes’ stage
(A,B vs. C,D)
No. of metastatic lymph nodes
(ⱕ3 vs. ⱖ4)
COX-2 expression
(negative vs. positive)
MVD (ⱕ100 vs. ⬎100)
a

Multivariate

P

P

Relative risk

⬍0.0001

0.009

4.13

⬍0.001

0.018

2.64

0.037

NSa

1.47

0.007

NS

1.21

NS, not significant.

human colorectal carcinoma is responsible for enhanced tumor
neovascularization.
Sheehan et al. (22) in a recent study concluded that higher
COX-2 expression in colorectal cancer was significantly associated with more advanced disease and pathological variables,
which represent poor prognosis. We concur with their findings,
and we found that most of the pathological variables having a
poorer outlook had significant correlation with high COX-2
expression. Tsujii et al. (12) found that induction of COX-2
expression in colon cancer cells produced activation of membrane-type metalloproteinase. This could explain the increased
invasiveness and greater metastatic potential of COX-2-expressing tumors. COX-2 expression also had a significant impact on
patient survival. Patients having positive COX-2 tumors survived for a shorter time than those with negative COX-2. A
similar survival advantage for patients with negative COX-2
tumors was reported by Sheehan et al. (22). It has been considered that tumor invasiveness, frequent metastasis, and expression in larger tumors are responsible for the worse prognosis for
patients bearing COX-2-positive tumors. Hereby, we have
shown that increased tumor vascularity might be another cause
of the worse prognosis in this group of patients.
The tumorigenic effects of COX-2 could be divided into
two distinct streamlines: the direct effect on tumor cells and the
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in the same tumor (data not shown). A very recent study in
gastric carcinoma patients described a similar correlation between COX-2 expression and MVD (27). Apart from the tumorassociated neovacularization, it was shown in an acute exudative
inflammatory model in rats that COX-2 was induced in inflammatory granuloma, and selective COX-2 inhibitors suppressed
microvessel formation in such granuloma (28). Whether COX2-induced colonic tumor neovascularization is associated with
an initial inflammatory process remains to be determined.
Our results showed that COX-2 expression was associated
with prognostically worse pathological variables in colorectal
carcinoma and had a direct correlation with tumor MVD. Coculture of endothelial cells with tumor cells promotes COX-2dependent endothelial motility and assembly into capillary-like
structures (26). Our results showed that the relationship was
materialized also in clinical colorectal cancer and suggested the
effectiveness of COX-2 inhibitor for clinical chemotherapy.
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