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Cyclooxygenase is the rate-limiting enzyme that
catalyzes the conversion of arachidonic acid to
prostaglandins. The inducible form, cyclooxy-
genase-2, is known to be overexpressed in various
human cancers including the colon, stomach, and
urinary bladder. In this study, we evaluated the
overexpression of cyclooxygenase-2 in 64 cases of
breast cancer and correlated the results with clini-
copathologic parameters. Immunohistochemical
staining for cyclooxygenase-2 demonstrated posi-
tivity of the tumor cells in 46 of 64 cases (72%).
Cyclooxygenase-2 overexpression was significantly
correlated with larger tumor size and advanced
clinical stage. Cyclooxygenase-2 overexpression
tended to be more frequently observed in cases with
presence of lymph node metastasis and in cases
without expression of estrogen and progesterone;
however, there was no significant correlation
statistically. Nuclear and histologic grade were
not well correlated with cyclooxygenase-2 over-
expression. When ductal carcinoma in situ was
considered separately, 32 of 42 cases (76%) were
positive for cyclooxygenase-2. We conclude that
cyclooxygenase-2 is up-regulated in a high pro-
portion of breast cancers. The overexpression of
cyclooxygenase-2 was associated with larger tu-
mor size and advanced clinical stage, although
lymph node status, estrogen and progesterone
expression, and nuclear and histologic grade
were not significantly correlated. Therefore,
cyclooxygenase-2 overexpression may be a fea-
ture of the aggressive phenotype and may be
useful as a prognostic indicator in breast
cancer.
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Cyclooxygenase (COX) is a rate-limiting enzyme
that catalyzes the conversion of arachidonic acid to
prostaglandins, and two isoforms, COX-1 and COX-2,
have been characterized. Although COX-1 is constitu-
tively expressed in many tissues and is present under
homeostatic conditions, COX-2 is not detectable in
most normal tissue but is induced by growth factors,
cytokines, hormones, and mitogens and is involved in
inflammatory reactions (1-4).

Recent studies have indicated that the up-
regulation of COX-2 is associated with many hu-
man cancers of the colon, stomach, prostate, and
bladder (5-8). Moreover, a number of studies have
suggested that the use of nonsteroidal anti-
inflammatory drugs (NSAIDs) and COX-2 inhibitors
reduced the incidence of colon cancer (9) and that
NSAIDs are also useful in providing protection
against breast cancer (10). Through these observa-
tions, it was suggested that COX-2 may be involved
in tumorigenesis in various organs. The exact
mechanism by which COX-2 contributes to tumor-
igenesis is still unclear, although recent studies
have suggested that promotion of angiogenesis,
suppression of apoptosis, stimulation of cell
growth, and immune suppression may play a role
(11).

In breast cancer, a high level of prostaglandin
and COX-2 expression was reported in breast can-
cer tissue as well as in breast cancer cell lines (12,
13). Numerous in vivo studies in rodents have
shown that NSAIDs inhibit mammary tumor
growth (14), and Celecoxib, a selective COX-2 in-
hibitor, was also reported to reduce the incidence,
multiplicity, and volume of carcinogen-induced
breast cancers in rats (15). However, studies on the
role of COX-2 in the development and the progres-
sion of human breast cancer are relatively few when
compared with the case of colon cancer.
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The aim of this study was to further determine
the role of COX-2 in the development and progres-
sion of breast cancer by evaluation of COX-2 ex-
pression and correlation with clinicopathologic
prognostic parameters, including tumor size,
lymph node status, stage, estrogen (ER) and pro-
gesterone (PR) status, and nuclear and histologic
grade.

MATERIALS AND METHODS

Case Selection

Sixty-four patients who underwent surgery for
breast cancer at Bundang CHA Hospital from 1995
to 2001 were examined. The TNM staging system
was used for clinical staging. Pathological evalua-
tion was performed using previously stained hema-
toxylin-eosin—stained sections. The histologic type
of the tumor was determined according to the WHO
classification of breast cancer. There were 47 inva-
sive ductal carcinomas, 4 DCIS, 4 mucinous carci-
nomas, 3 apocrine carcinomas, 2 mixed ductal and
lobular carcinomas, 1 medullary carcinoma, 1 atyp-
ical medullary carcinoma, 1 metaplastic carcinoma,
and 1 papillary carcinoma. In invasive ductal carci-
nomas, the nuclear and histologic grades of the
tumor were also determined. The nuclear grade was
categorized as follows: Grade 1 = poorly differenti-
ated, Grade 2 = intermediate, Grade 3 = well dif-
ferentiated, using the grading system of Black and
Speer (16). The histologic grade was categorized as
grade I = well differentiated, grade II = intermedi-
ate, and grade III = poorly differentiated, using the
Elston-modified Bloom and Richardson grading
system (17).

Clinicopathologic characteristics including tu-
mor size, lymph node status, stage, ER and PR
status, and nuclear and histologic grades were
evaluated.

Immunohistochemical Staining
Immunohistochemistry using representative
formalin-fixed, paraffin-embedded tissue blocks
was performed after microwave pretreatment. A
monoclonal antibody to COX-2 (dilution 1:200;
Cayman chemical, Ann Arbor, MI) was reacted
overnight at 4° C, and polyclonal antibodies to ER
and PR (dilution 1:50; Zymed Laboratories, San
Francisco, CA) were reacted for 1 hour 30 minutes
at room temperature. A streptavidin peroxidase de-
tection system with diaminobenzidine tetrachlo-
ride (Vector Laboratories, Burlington, CA) was used.
For COX-2, the results of immunohistochemistry
were interpreted as positive when >10% of the tu-
mor cells demonstrated clear cytoplasmic staining.
The immunoreactive score was calculated for ER
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and PR by multiplication of the percentage of pos-
itive cells and the staining intensity (18). The per-
centage of positive cells was categorized as 0 =
negative, 1 = <10% positive cells, 2 = 10-50%
positive cells, 3 = 51-80% positive cells, and 4 =
>80% positive cells. The staining intensity was cat-
egorized as 0 = negative, 1 = weak, 2 = moderate,
3 = strong. An immunoreactive score of >2 was
considered positive.

Statistical analysis of the correlation between
COX-2 expression and clinicopathologic character-
istics was calculated with the »* test.

RESULTS

COX-2 was positive in 46 of 64 carcinomas (72%)
including invasive and DCIS. It showed granular
positivity in the cytoplasm of the tumor cells. Non-
neoplastic tissue in the immediate vicinity of the
tumor occasionally expressed COX-2 in lobules,
ducts, blood vessels, and stromal cells, but the
staining intensity was much weaker than in the
tumor cells. The normal tissue away from the tumor
did not stain with COX-2.

COX-2 was positive in 34 of 47 cases (72%) of
invasive ductal carcinomas (Fig. 1) and in 11 of 13
cases (85%) of invasive carcinomas of other histo-
logic types. There was no significant correlation
between COX-2 expression and histologic type (P =
.821).

The results of the correlation between COX-2 ex-
pression and clinicopathologic characteristics in-
cluding stage, tumor size, lymph node status, ER
and PR status, and histologic and nuclear grade are
summarized in Tables 1 and 2 and in Figure 2.
COX-2 was positive in 1 of 4 cases (25%) in Stage 0,
9 of 16 cases (56%) in Stage I, 29 of 37 cases (78%)
in Stage I, and 6 of 7 cases (86%) in Stage III, which
was statistically significant (P = .034). Of the 60
cases of invasive carcinoma, COX-2 was positive in
19 of 30 cases (63%) measuring <2 cm, 22 of 27
cases (81%) measuring >2 cm and <5 cm, and all 3
cases (100%) measuring =5 cm, which was statisti-
cally significant (P = 0.046). Although cases show-
ing positive lymph node status and positive ER/PR
tended to more frequently overexpress COX-2,
there was no significant correlation. Nuclear and
histologic grade were not well correlated to
cyclooxygenase-2 overexpression.

Four cases were composed solely of DCIS,
whereas 38 cases of invasive ductal carcinoma con-
tained areas of DCIS (Table 3). Thirty-two of the 42
cases, including pure DCIS cases and the DCIS
component of invasive ductal carcinoma (76%),
demonstrated COX-2 positivity (Fig. 3). Of the cases
in which DCIS and invasive carcinoma coexisted,
31 cases showed COX-2 overexpression in both
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FIGURE 1. Immunohistochemical staining for COX-2 in invasive ductal carcinoma showing COX-2—-positive (A: H&E, B: COX-2, 200x) and COX-2-

negative (C: H&E, D: COX-2, 200X) cases.

TABLE 1. Relationship between COX-2 Expression and
Clinicopathologic Characteristics in Invasive Carcinoma

COX-2
Parameter
(=) (+) Total P-value

Size

=2 cm 11 (37%) 19 (63%) 30

>2 cm, <5 cm 5 (19%) 22 (81%) 27 0.046

=5 cm 0 (0%) 3 (100%) 3
Lymph node

Negative 10 (35%) 19 (64%) 29 0.462

Positive 6 (19%) 25 (81%) 31
ER!

Negative 5 (19%) 21 (81%) 26

Positive 11 (32%) 23 (68%) 34 0.273
PR?

Negative 11 (30%) 26 (70%) 37 0.542

Positive 5 (22%) 18 (78%) 23

Chi-square test
! ER: estrogen receptor
2 PR: progesterone receptor

DCIS and invasive components (Fig. 3). Of these, 5
cases demonstrated stronger staining intensity in
the DCIS component than in the invasive compo-
nent, whereas the staining intensity was decreased
in the DCIS component in 1 case. The remaining
cases showed similar staining intensity in both the
invasive and DCIS components.

DISCUSSION

Cyclooxygenase (COX) is a key enzyme that cat-
alyzes the biosynthesis of prostaglandins and
thromboxanes from arachidonic acid. Two isoforms

of this enzyme, COX-1 and COX-2, have been iden-
tified: COX-1 is expressed ubiquitously, whereas
COX-2 is an immediate-early response gene that is
inducible by various extracellular stimuli, including
growth factors, cytokines, carcinogens, tumor pro-
moters (1-4), and several oncogenes, including
v-src, v-Ha-ras, Her-2/neu, and Wnt genes (19-21).
Recent studies have demonstrated that high levels
of prostaglandins and COX-2 were expressed in a
variety of tumors, including colon, stomach, and
bladder tumors (5-8). Further evidence for a role of
COX-2 and its products in tumorigenesis of various
organs comes from studies demonstrating that the
use of NSAIDs, such as celecoxib and sulindac, de-
creased the incidence of colorectal cancers (22, 23).

Although the exact mechanism through which
COX-2 contributes to carcinogenesis remains to be

TABLE 2. Relationship between COX-2 Expression and
Nuclear/Histologic Grades in Invasive Ductal Carcinoma

COX-2
Parameters
(=) (+) Total P-value

Nuclear grade

1 (high) 5 (23%) 17 (77%) 22

2 6 (29%) 15 (71%) 21

(intermediate)

3 (low) 1 (25%) 3 (75%) 4 0.642
Histologic grade

I (well) 5 (39%) 8 (61%) 13 0.200

II (moderate) 4 (24%) 13 (76%) 17

IIT (poor) 3 (18%) 14 (82%) 17

Chi-square test
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FIGURE 2. Relationship between COX-2 expression and stage. COX-2
overexpression was significantly correlated to advanced stage (x2 test,
P = .034).

TABLE 3. COX-2 Expression in Ductal Carcinoma In Situ

Low Grade High Grade
Total
COX-2 (—) COX-2 (+) COX-2 (—) COX-2(+)
DCIS only 1 (25%) 1 (25%) 2 (50%) 0 4
DCIS with 3 (8%) 8 (21%) 4 (11%) 23 (60%) 38

invasive
carcinoma

elucidated, several explanations seem to be more
relevant: during tumorigenesis, transcriptional ac-
tivation is likely to occur in response to growth
factors, oncogenes, or loss of function of the p53
tumor suppressor gene, resulting in the up-
regulation of COX-2. It was recently reported that
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the up-regulated COX-2 promotes angiogenesis,
suppresses apoptosis, stimulates cell growth, and
mediates immune suppression (11). It has also
been shown that COX-2 overexpression is sufficient
to induce tumorigenesis in transgenic mice (24).
Several studies have provided support for the role
of prostaglandins and COX-2 in the growth and
invasiveness of human breast tumors (13, 25).
Nonetheless, the role of COX-2 in breast cancer is
less clear than its role in colon cancer, and few
studies to date have focused on the expression of
COX-2 in human breast cancers. Furthermore, con-
flicting data have been found regarding the fre-
quency of COX-2 expression in breast cancers. In
contrast to nearly 85% in human colorectal cancers,
COX-2 overexpression has been reported in 37-56%
of breast cancers (26-28). In the present study, we
found COX-2 overexpression in 72% of breast can-
cers, which is the highest frequency that has ever
been reported. The discordance in the proportion
of COX-2 positivity in breast cancers may be due to
different methods in the evaluation of immunohis-
tochemistry results. We used a cutoff value of >10%
positive cells regardless of the intensity in the in-
terpretation of COX-2. We have studied the corre-
lation of COX-2 expression with various clinico-
pathologic parameters, including tumor size,
lymph node status, stage, ER and PR expression,
and nuclear and histologic grade. Larger size and
advanced stage in tumors were significantly corre-

FIGURE 3. Immunohistochemical staining for COX-2 in ductal carcinoma in situ. COX-2 was positive in tumors composed solely of ductal
carcinoma in situ (A: H&E, B: COX-2, 200X), as well as those in which invasive ductal carcinoma and ductal carcinoma in situ coexisted (C: H&E, B:

COX-2).
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lated with COX-2 overexpression. COX-2 overex-
pression was more frequently observed in the cases
with lymph node metastasis, although there was no
statistical significance. These results suggest that
COX-2 overexpression is associated with aggressive
features and poor prognostic parameters in breast
cancer. A previous study with breast cancer cell
lines has also demonstrated that COX-2 was over-
expressed in the estrogen-independent, highly in-
vasive metastatic cell line (29). More recently, it was
reported that a high level of COX-2 protein was
more frequently noted in breast cancers with over-
expression of HER-2/neu, compared with HER-2/
neu-negative breast cancers (30). Taken together,
COX-2 overexpression may be associated with the
aggressive phenotype with metastatic potential and
may be influenced by hormone status.

When DCIS was considered separately, COX-2
was positive in 76% of cases, including pure DCIS
cases and the DCIS component of invasive ductal
carcinoma. This result is in accordance with that of
previous studies reporting COX-2 positivity in 80%
of DCIS (26). Thus, it can be suggested that COX-2
overexpression is involved in the progression to
invasive carcinoma. Further studies including more
cases of pure DCIS are needed to determine the role
of COX-2 in the development of DCIS.

The first report of COX-2 localization has dem-
onstrated COX-2 expression specifically in tumor
cells, not in normal stromal cells (13). However, the
expression of COX-2 in normal breast tissue has
been observed subsequently by several investiga-
tors (26, 28). It has been reported that the COX-2
protein was localized predominantly to carcinoma
cells but could also be detected in some stromal
cells, vascular endothelial cells, and inflammatory
mononuclear cells. In the present study, COX-2 was
also found to be occasionally positive in normal
lobules and ducts in the immediate vicinity of the
tumor, as well as in stromal cells and blood vessels.
However, the staining intensity was much weaker
than that of the tumor cells. The COX-2 expression
in adjacent normal tissue may possibly be ex-
plained by a paracrine effect of the tumor cells.
Some investigators have suggested the possibility of
a “field” or “landscaping” effect for this phenome-
non; that is, COX-2-derived prostaglandins synthe-
sized by neoplastic cells may act as positive mod-
ulators of the cross-talk between the transformed
cell and the stromal cells; therefore, the area adja-
cent to the tumor shows increased COX-2 expres-
sion, and this area may provide an increased risk of
developing additional cancers (26).

In conclusion, the present study demonstrated
COX-2 positivity in 72% of breast cancer, and
COX-2 overexpression was significantly correlated
to large tumor size and advanced stage. These re-
sults indicate that COX-2 may contribute to the

development of breast cancer and can be used as a
prognostic indicator in breast cancer. Our results
further suggest that selective COX-2 inhibitors may
be useful in the chemoprevention and adjuvant
therapy of breast cancer.
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