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  Purpose: Previous epidemiologic studies have dem-
onstrated that nonsteroidal anti-inflammatory drugs can 
reduce the risk of breast cancer, and this possibly 
happens via cyclooxygenase (COX) inhibition. Moreover, 
growth factor-inducible COX-2, which is overexpressed 
in neoplastic tissue, is an attractive therapeutic target. 
Thus, we evaluated the expression of COX-2 in breast 
cancer tissues, and we assessed the association between 
COX-2 expression and HER-2/neu expression and also 
with several clinicopathological features.
  Materials and Methods: W e analyzed the surgical 
specimens from 112 women with breast cancer who had 
undergone lumpectomy or mastectomy. The expressions 
of COX-2, HER-2/neu, MMP-2 and TIMP-2 were deter-
mined immunohistochemically. The correlations between 
COX-2 expression and several variables, including clinico-
pathological factors, HER-2/neu expression, MMP-2 
expression and TIMP-2 expression were analyzed. Survival 
analysis was also performed with respect to COX-2  
overexpression. 
  Results: The overexpression of COX-2 protein was 

observed in 28.6% of the breast cancer tissues. Tumors 
with lymph node metastasis more frequently showed 
COX-2 overexpression than did those tumors without 
metastasis (p=0.039), and the increased COX-2 expres-
sion correlated positively with HER-2/neu overexpres-
sion (p=0.000). No significant differences were found for 
the MMP-2 or TIMP-2 expression rates in the COX-2 posi-
tive and negative groups. The survival analysis revealed 
no significant differences according to the COX-2 expres-
sion. 
  Conclusion: This study results suggest that increased 
COX-2 expression is related with the progression of breast 
cancer, e.g., with lymph node invasion. COX-2 overex-
pression found to be related with HER-2/neu overex-
pression, but not with MMP-2 or TIMP-2 expression. These 
results support the potential use of selective agents that 
inhibit COX-2 or HER-2/neu for the management of breast 
cancer. (Cancer Res Treat. 2005;37:165-170)
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INTRODUCTION

  Various epidemiologic studies have indicated that the use of 
aspirin or of other nonsteroidal anti-inflammatory drugs 
(NSAIDs) is associated with a reduced risk of colon cancer (1), 
and it may reduce the risk of breast cancer (2). The best-known 
target of NSAIDs is cyclooxygenase (COX), which is a 
rate-limiting enzyme that catalyzes the conversion of arachi-
donic acid to prostaglandins (PGs) and the related eicosanoids. 
Two isoforms of COX exist in the mammalian body, and the 

first is COX-1, which is constitutively expressed in most 
tissues, and it appears to be responsible for the homeostasis of 
various physiologic functions. In contrast, COX-2 is not 
detectable in most normal tissues, but it can be induced by 
cytokines, growth factors, oncogenes and tumor promoters. 
Moreover, it has a role that's been connected to inflammation 
and carcinogenesis (3). 
  The increased expression of COX-2, but not of COX-1, has 
been found in a variety of human malignancies including colon, 
lung and breast cancer (4～9). Recent studies have indicated 
that the overexpression of COX-2 was sufficient to induce 
breast tumor in a transgenic mouse model (10), and it was also 
found that increased COX-2 expression and activity is posi-
tively correlated with the metastatic potential in a murine model 
of metastatic breast cancer (11). In addition, the tumor- 
suppressing effects of selective COX-2 inhibitors on mammary 
carcinogenesis and metastasis have been reported on animal 
models of breast cancer (12,13).
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Table 1. Clinicopathological characteristics
󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚

Characteristics No. of cases %
󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏

Histology
  Ductal 102 91.0
  Lobular   3  2.7
  Others   7  6.3
Stage
  I  27 24.1
  IIA/B 40/29 35.7/25.9
  IIIA/B  8/6 7.1/5.4
  IV   2 1.8
Histological grade* (n=99)
  1 24 24.2
  2 54 54.6
  3 21 21.2
Nuclear grade* (n=101)
  1 20 19.8
  2 51 50.5
  3 30 29.7
Estrogen receptor
  Positive 72 64.3
  Negative 40 35.7
Progesterone receptor
  Positive 63 56.2
  Negative 49 43.8

󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
*invasive ductal carcinoma only.

 Although the mechanisms underlying the contribution of 
COX-2 to carcinogenesis are unclear, COX-2 and its metabolic 
products have been shown to inhibit apoptosis (14), promote 
angiogenesis (15), induce invasion, and increase metastasis 
(16,17). Matrix metalloproteinases (MMPs) are known to play 
a central role in tumor cell invasion and metastasis, and several 
previous reports have mentioned that the overexpression of 
COX-2 in cancer cells can lead to the activation of MMP-2 
(16,17). 
  The HER-2/neu (c-erbB-2) gene encodes a 185-kDa trans-
membrane receptor that has tyrosine kinase activity, and it 
belongs to the epidermal growth factor receptor family. The 
overexpression of HER-2/neu has been associated with a poor 
prognosis (18), and recent studies have suggested a link 
between HER-2/neu and COX-2 expression (19～21).
  The aims of this study were to evaluate whether COX-2 
expression is increased in human breast cancer tissues and also 
to investigate the possible association between COX-2 expres-
sion and clinicopathological variables, invasion-related parame-
ters and HER-2/neu overexpression. 

MATERIALS AND METHODS

    1) Patients and tumor samples

  We analyzed the surgical specimens from 112 women with 
breast cancer who had undergone lumpectomy or mastectomy 
at Ewha Womans University Hospital in Seoul, Korea from 
1993 to 1998. These patients' hospital records were reviewed 
retrospectively. The surgical specimens that were obtained by 
lumpectomy or mastectomy were formalin fixed, paraffin 
embedded, sectioned and then stained with hematoxylin and 
eosin. The pathological tumor staging was determined accord-
ing to the TNM classification (22). The histological and nuclear 
grading was assessed according to the modified Bloom- 
Richardson criteria (23) in the cases with invasive ductal 
carcinoma. Table 1 presents the patients' data and the various 
clinicopathological characteristics.
  The patients' age at the time of diagnosis ranged from 23 
to 76 years (median age, 46 years), and 36 (32%) women were 
over 50 years of age. Sixty-six percent of the patients received-
adjuvant chemotherapy, 79% of the patients received anti- 
estrogen therapy and 33% of the patients received adjuvant 
radiotherapy. The median follow-up duration was 106 months, 
and during this time, 22 cases (20%) had relapsed.

    2) Immunohistochemical staining

  The routinely fixed paraffin-embedded blocks were sectioned 
at 4μm thickness and then processed for immunohistochem-
istry. Sections were deparaffinized, rehydrated and microwaved 
in 0.1M citrate buffer for 10 min for antigen retrieval. After 
washing, slides were incubated in 3% H2O2 for 8 min to block 
the endogenous peroxidase activity, and next they were imm-
unostained. All the immunostaining was performed using a 
Novostain Universal Quick Kit (Novocastra, New Castle upon 
Tyne, UK). Briefly, the slides were preincubated with normal 
horse serum for 20 min, and then they were incubated with 
anti-COX-2 polyclonal antibody (Santa Cruz Biotechnology, 
Santa Cruz, CA, 1：200 dilution), anti-HER-2/neu monoclonal 

antibody (Novocastra, 1：100 dilution), anti-MMP-2 monoclonal 
antibody (Oncogene Research Products, Cambridge, MA, 1：
100 dilution), and anti-TIMP-2 monoclonal antibody (Neo 
Markers, Fremont, CA, 1：50 dilution) for 40 min at room 
temperature. The slides were then washed in Tris buffer; 
biotinylated secondary antibody was next applied for 25 min 
at room temperature, and the slides were washed in Tris buffer. 
Streptavidin peroxidase complex (Novostain universal quick kit, 
Novocastra) was applied for 25 min at room temperature, and 
the reaction products were visualized using AEC (3-amino- 
9-ethylcarbazole, Zymed, San Francisco, CA), and then they 
were counterstained with hematoxylin. 

   3) Immunohistochemical scoring

  Semi-quantitative estimations were performed based on the 
staining intensity and the relative abundance of immunoreactive 
cells. For COX-2, the scoring criteria for tumor cells was as 
follows: 0, fewer than 10% positively stained tumor cells; 1, 
11～30% positively stained tumor cells or weak diffuse cyto-
plasmic staining; 2, moderate to strong cytoplasmic staining in 
31～60% of the tumor cells; 3, 61～100% of tumor cells were 
stained with a strong intensity (Fig. 1). For the HER-2/neu 
expression, the same cut-off points for positive tumor cells 
were used, but the positive tumor cells were accounted for by 
membranous staining only.
  For MMP-2 and TIMP-2, the scoring criteria for the tumor 
cells were as follows: 0, ≤10% positively stained tumor cells; 
1, 11～30% positively stained tumor cells or there was weak 
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diffuse cytoplasmic staining; 2, moderate to strong cytoplasmic 
staining in more than 30% of the tumor cells.
  The overexpression of COX-2 (the COX-2 positive group) 
and HER-2/neu (the HER-2 positive group) were defined as a 
score of 3. Scores of 1 and 2 were allocated for the overex-
pression of MMP-2 and TIMP-2.

    4) Statistical Analysis

  The statistical analysis was carried out using SPSS version 
11.0 for Windows. The χ2

-test was used to test for correlations 
between the COX-2 expression and the clinicopathological 
variables, the HER-2/neu expression, the MMP-2 expression or 
TIMP-2 expression. The overall survival and disease-free 
survival were calculated using the Kaplan-Meier method. 
Disease-free survival was defined as the time from the date of 
the operation until a documented recurrence or until death from 
any cause. The overall survival was measured from the date 
of the diagnosis. Survival curves for the positive and negative 
COX-2 and HER-2/neu groups were compared by using the 
log-rank test. A p value of ＜ 0.05 was considered statistically 
significant. 

RESULTS

    1) Immunohistochemistry

  COX-2 immunoreactivity was evaluated in 112 invasive 
breast carcinomas, of which 3 cases (2.7%) were scored 0, 21 
cases (18.7%) were scored 1, 56 cases (50%) were scored 2, 
and 32 cases (28.6%) were scored 3. The overexpression of 
COX-2 protein (the COX-2 positive group) was observed in 
28.6% of the tumors. The COX-2 staining was granular and 
localized to the tumor cytoplasm (Fig. 1), and this was also 
observed in the adjacent ductal carcinoma in situ (DCIS) 
lesions.
  Overexpression of HER-2/neu (the HER-2/neu positive 
group) was observed in 42.9% (48 of 112 cases) of the tumors. 
The MMP-2 and TIMP-2 immunoreactivity were detected in 
68.2% (75 of 110 cases) and 62.2% (69 of 111 cases) of the 
cases in the cytoplasm of the tumor cells. The expressions of 
MMP-2 and TIMP-2 were also observed in the tumor stroma.

Fig. 1. COX-2 immunohistochemical staining in breast cancer tissue. 

(A) weak (score 1), (B) moderate (score 2), (C) strong (score 

3) immunoreactivity was observed in the cytoplasm of tumor 

cells.
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Table 2. Relationship between COX-2 overexpression and the 
clinicopathological variables 

󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚
COX-2 overexpression

Variables 󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏 p
No. of cases %

󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
Age at diagnosis
≤ 50 yr 19/76 25.0 0.224
＞ 50 yr 13/36 36.1

Tumor size
≤ 2 cm 8/31 25.8 0.689
＞ 2 cm 24/81 29.6

Lymph node
Negative 14/66 21.2 0.039
Positive 18/46 39.1

Stage
I 6/27 22.2 0.114
II 18/69 26.1
III, IV 8/16 50.0

Histological grade*
1 8/24 33.3 0.062
2 20/54 37.0
3 2/21 9.5

Nuclear grade*
1 6/20 30.0 0.636
2 17/51 33.3
3 7/30 23.3

Estrogen receptor
Negative 12/40 30.0 0.803
Positive 20/72 27.8

Progesterone receptor
Negative 13/49 26.5 0.673
Positive 19/63 30.2

Recurrence (n=110)† 
No 23/88 26.1 0.340
Yes 8/22 36.4

HER-2/neu expression
Negative 4/64 6.3 0.000
Positive 28/48 58.3

󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
*invasive ductal carcinoma only, †excludes two stage IV cases.

    2) Association of COX-2 with HER-2/neu and with the 
clinicopathological variables 

  The overexpression of COX-2 was significantly more fre-
quent in the HER-2/neu overexpression group (58.3%) than in 
the HER-2/neu negative group (6.3%) (p=0.000; Table 2). An 
elevated COX-2 expression was more common in tumors with 
axillary lymph node metastasis (39.1%) than in those tumors 
without lymph node metastasis (21.2%) (p=0.039). According 
to the stage, the COX-2 overexpression rate in the advanced 
stage tumors (50.0% in the stage III and IV tumors) was higher 
than in the early stage tumors (22.2% in stage I tumors and 
26.1% in stage II tumors), but this was not significant 
(p=0.114). No significant correlation was found between the 
COX-2 overexpression and the other clinicopathological 
variables (Table 2). 

    3) Association of COX-2 with MMP-2 and TIMP-2 

  MMP-2 tumor expression was observed in 71.9% of the 
COX-2 positive group and in 66.7% of the COX-2 negative 
group, but the difference was not significant (p=0.594). No 
significant difference in the TIMP-2 expression rate was found 
between the COX-2 positive group (62.5%) and the COX-2 
negative group (62%) (p=0.963).

    4) Survival analysis

  The 8-year disease-free survival rates for the COX-2 positive 
and negative groups were 71.2% and 82.0% (p=0.3303), 
respectively, and the 8-year overall survival rates of these two 
groups were also similar (77.8% vs 79.7%, respectively, p= 
0.7711) (Fig. 2).
  In terms of HER-2/neu overexpression, the 8-year disease- 
free survival rate of the HER-2/neu positive group was 67.8% 
compared with 87.2% for the HER-2/neu negative group (p= 
0.0290). However, there was no significant difference for the 
8-year overall survival rates between the HER-2/neu positive 
group and the HER-2/neu negative group (71.7% vs 84.3%; 
respectively, p=0.2423).

DISCUSSION

  We detected the overexpression of COX-2 protein in 28.6% 
of the human breast cancers we examined, as compared to 
17.4% to 77.8% of the breast cancer tissues that were examined 
in several previous studies (4～9). The suggested causes for 
this diversity of the COX-2 overexpression rate were that 
different cut-off values were used in all the studies and there 
were different populations with different patient characteristics 
in each study. 
  COX-2 overexpression was restricted to the tumor cells, 
whereas the stroma showed as being either COX-2 negative or 
weakly positive. In addition, COX-2 protein was expressed in 
the DCIS as well as in invasive breast cancer. These results 
are in accordance with the previous data (4,7), and they suggest 
that COX-2 overexpression is a relatively early phenomenon in 
mammary tumorigenesis. However, most of the DCIS lesions, 
included in these previous studies, were adjacent to the invasive 
tumors, and a further evaluation of COX-2 in patients with only 
DCIS is warranted. 
  In this study, the COX-2 expression rate was significantly 
higher in the HER-2/neu overexpression group than in the 
HER-2/neu negative group (58.3% vs 6.3%, respectively). 
HER-2/neu is known to be a poor prognostic factor in breast 
cancer, and its relationship to the regulation of COX-2 
expression has been suggested in recent studies (19～21). In 
human colorectal cancer cells, the activation of the HER-2 
pathway induced COX-2 mRNA and protein as well as PGE2 
biosynthesis (19). In addition, HER-2/neu stimulated COX-2 
transcription via the Ras pathway in human mammary epithelial 
cells (20). Similarly, in human breast cancer tissue, the 
relationship between HER-2/neu and COX-2 expression has 
been revealed (6,9). Half et al. (7) did not find an association 
between COX-2 and HER-2/neu in the breast cancer tissues that 
they studied by using immunohistochemistry, but they reported 
that COX-2 expression was induced in the MCF-7 cells that 
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Fig. 2. Disease free survival (A) and overall survival (B) according to COX-2 overexpression. 

were stably transfected with HER-2/neu, and this was in con-
trast to the COX-2 expression observed in the parental MCF-7 
cells. Furthermore, the antineoplastic effects of selective COX-2 
inhibitors on HER-2/neu-induced breast tumor have been 
reported (21,24). In the mouse mammary tumor virus (MMTV)/ 
neu model (21), a selective COX-2 inhibitor significantly 
reduced the incidence of HER-2/neu-induced breast tumor. In 
HCA-7 colorectal carcinoma cells (24), the combined use of 
COX-2 and HER-2/neu inhibitors more effectively reduced the 
colorectal carcinoma growth than using either of the inhibiting 
agent alone. These results suggest that a correlation may exist 
between the regulation of the COX-2 and HER-2/neu pathways, 
and that the specific inhibitors of both of these pathways can 
be exploited for their use in experimental breast cancer chemo-
therapeutic trials.
  Our results showed that COX-2 overexpression was related 
with the presence of axillary lymph node metastasis. However, 
no correlation was found between COX-2 overexpression and 
the other clinicopathological prognostic factors, and no dif-
ferences were observed in the MMP-2 and TIMP-2 expression 
rates with respect to COX-2 expression. Diverse results have 
been reported concerning the relationship between COX-2 
expression and the clinicopathological characteristics of tumors 
(5～9). Although some of these studies found no relationship 
(5,7,9), Ristimäki et al. (6) found that COX-2 positivity was 
correlated with several parameters such as large tumor size, the 
presence of axillary node metastases, a high histological grade 
and a negative hormone receptor status in human breast cancer. 
Moreover, Costa et al. (8) showed that COX-2 expression was 
significantly associated with lymph node metastasis in human 
breast cancer. In a murine model of breast cancer (11), COX-2 
expression was detected only in the tumors that resulted from 
the transplantation of metastatic mammary tumor cell lines in 
vivo. These results suggest a linkage between COX-2 expres-
sion, tumor progression and the metastatic potential. However, 
the underlying mechanisms for the contributions made by 
COX-2 to tumor progression and metastasis remain somewhat 
obscure. The expression and activation of the MMPs that are 
related to the process of cancer invasion and metastasis were 
observed in human colon and breast cancer cells that were 

transfected with COX-2 cDNA (16,17). On the other hand, we 
found no association between MMP-2, TIMP-2 expression and 
COX-2 positivity in human breast cancer tissues. Thus, further 
studies are needed to determine the role of COX-2 in tumor 
progression and metastasis.
 The prognostic significance of COX-2 expression on the 
survival of breast cancer patients is still controversial (6,8,9). 
Ristimaki et al. (6) have demonstrated that elevated levels of 
COX-2 expression are associated with decreased survival for 
patients with breast cancer, and that these survival differences 
tend to be more marked for the patients in the ER positive, 
p53 negative and HER-2 negative cancer subgroups. They 
suggested that the procarcinogenic effect of COX-2 was not 
evenly distributed in breast cancer. In contrast, we do not find 
the prognostic role of COX-2 overexpression, but our results 
did show a lower disease free survival rate in the HER-2/neu 
overexpression group (p=0.0290). The HER-2/neu overexpres-
sion rate, as tested for by immunochemistry, varies in the wide 
range from 9% to 60% (25). The high rate of HER-2/neu 
overexpression seen in this study was affected by the immu-
nohistochemical method and the particular patient population 
that we used. 
  We suggest that the limitations of this study were the small 
number of patients, the retrospective study design and the 
different postoperative management strategies that were used, 
and we propose that large scale, prospective studies are needed 
to define the definitive prognostic role of COX-2. 

CONCLUSIONS 

  Our study indicates that COX-2 overexpression is related to 
the progression of breast cancer such as to the lymph node 
metastasis, and to HER-2/neu overexpression. These results 
support the therapeutic potential of using selective agents that 
inhibit COX-2 and/or HER-2/neu in the management of breast 
cancer. Further studies are needed to determine the effects of 
selective COX-2 inhibitors for the prevention and adjuvant 
therapy of breast cancer.
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