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Abstract COX-2 regulates tumour growth, invasion and me-
tastasis in breast cancer. This study investigated the associa-
tion between COX-2 expression in human breast cancer ver-
sus the expression of ER, PR, HER-2/neu, as well as its
association with other established prognostic indicators like
age, menopausal status, tumour size, lymph nodal status,
stage, grade, NPI and histological subtype, and aims to vali-
date the role of overexpression of COX-2 as a prognostic
marker in patients with breast cancer in Indian subcontinent.
In this hospital based study of 123 breast cancer patients
(Group-A) and 76 female patients with benign breast disease
(Group-B) attending a Comprehensive Breast Clinic at a
reputed institute in Eastern India, COX-2 protein expression
was measured from breast tissue using the Western Blot
Technique. COX-2 mRNA expression was measured by RT-
PCR Technique. ER, PR and HER-2/neu status was measured
by immunohistochemistry methods. COX-2 was not
expressed in the control group. The proportion of COX-2
positive tumours was significantly higher in patients of age
>50 years [52(91.2 %), p<0.01], postmenopausal status
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[64(90.1 %), p<0.01], advanced stage of disease (p<0.01),
higher grade (p<0.01), larger tumors (p<0.01), metastatic
lymph nodes (p<0.01) and NPI>5.4 (p<0.01). COX-2 ex-
pression was seen in ER-negative [66(95.7 %), p<0.01], PR-
negative [76(92.7 %), p<0.01], and HER-2/neu positive tu-
mours [29(100.0 %), p<0.01]. Risk of COX-2 positivity was
found to be 2.74 times more for postmenopausal status, 6.90
times more for large size tumours (> 2.5), 34.37 times more
for node positive tumours, 9.26 times more with ER negative
patients and 5.88 times more for PR negative patients. COX-2
expression is associated with established indicators of poor
prognosis such as postmenopausal status, age >50 year, ad-
vanced stage of disease, large tumour size, higher grade,
lymph node metastasis, NPI>5.4, ER negativity, PR negativ-
ity and HER-2/neu positivity. Thus, COX-2 expression im-
plies aggressive tumour biology, and may play an important
role as a prognostic marker.

Keywords Breast cancer - COX-2 - Prognostic marker -
Nottingham Prognostic Index (NPI) - Immunohistochemistry
(IHC)

Introduction

The worldwide incidence of breast cancer has increased rap-
idly in recent years. The scenario in Eastern India is also
showing a similar trend [1, 2]. The prognosis of breast cancer
depends on various biological and molecular factors [3, 4].
Cyclooxygenase (COX) group of enzymes are important for
the conversion of arachidonic acid to prostaglandins.
Cyclooxygenase-1 (COX-1) is constitutively expressed at a
constant level throughout the cell cycle in most of the tissues.
The inducible isoform, Cyclooxygenase-2 (COX-2), is often
overexpressed in breast cancer [5]. Various research articles
suggest that COX-2-derived metabolites may contribute to
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maintenance of tumour viability, premalignant hyper prolifer-
ation, tumour growth, transformation, invasion and metastatic
spread [2, 6, 7] and COX-2 has been shown to be
overexpressed in many human malignant tumours[8]. Prosta-
glandins increase the expression and activation of aromatase
[9], an enzyme that coverts androgen to estrogen. Estrogen can
stimulate the growth of cancer cells via activation of the estro-
gen receptor (ER) and its target genes. This is one mechanism
by which COX-2 could stimulate breast tumour growth and
angiogenesis [7, 10]. COX-2 expression is itself up-regulated by
ER via modulation of Activated Protein — 1 (AP-1) activity [11].
In breast cancer the human epidermal growth factor receptor
type 2 (HER-2) is overexpressed in 20-30 % of tumours due to
amplification of the HER-2/neu gene [12]. HER-2/neu acts via
Mitogen-activated protein kinase (MAPK) to stimulate COX-2
expression in colorectal cancer cells [13] and can stimulate
COX-2 expression in the same way when transfected into breast
cancer cells [11, 14]. Stimulation of COX-2 expression in ER-
negative breast cells may occur via Protein kinase C (PKC) and/
or RAS/MAPK pathways [7]. COX-2 expression is associated
with angiogenesis and lymph node metastasis in human breast
cancer [15]. Estrogen plays an important role in breast cancer
initiation and progression. Breast cancer over time acquires
different mutations and the proportion of estrogen receptor
negative cells in tumour increases. This transformation confers
aggressive biological characteristics to breast cancer such as
rapid growth, poor differentiation, and poor response to hor-
mone therapy. Nottingham Prognostic Index (NPI) is a good
prognostic marker and correlates well with survival in clinical
practice.

This study investigated the association between COX-2
expression in human breast cancer versus the expression of
ER, PR, HER-2/neu, as well as its association with other
established prognostic indicators like age, menopausal status,
tumour size, lymph nodal status, stage, grade, NPI and histo-
logical subtype, and also aims to validate the role of overex-
pression of COX-2 as a prognostic marker in patients with
breast cancer in Indian subcontinent.

Materials and Methods
Patient Selection

This was a prospective study. The patients were divided into
two groups. The first group (Group-A) comprised of 123
female patients with primary breast carcinoma previous un-
treated by chemotherapy, radiotherapy, hormone therapy or a
combination of any of the modalities who presented to the
Comprehensive Breast Clinic & Breast Cancer Research Unit,
IPGME&R/SSKM Hospital, Kolkata, West Bengal, India be-
tween 2010 and 2012. The control group (Group-B) com-
prised of 76 female patients with fibro adenoma or benign
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breast disease (clinically diagnosed and thereafter, proven
histologically).

Tissue Processing

The specimens were washed with phosphate buffered saline
(PBS), cut into small pieces and immersed in collagenase at
37 °C for 4-6 h. Collagenase incubated tissue was minced and
treated with 0.125 % trypsin-EDTA for 10 min. Total protein
was extracted by homogenizing cells in ripa : lysis buffer
mixture (1:3) at 4 °C and measured spectrophotometrically
by Lowry’s method.

Immunoblotting

Cells were lysed in buffer (10 mM Hepes, pH 7.9, 1.5 mM
MgCl12, 10 mM KCI and 0.5 mM dithiothreitol) and spun at
3,300 g to get cytosolic fraction. Pellet was resuspended in buffer
(20 mM Hepes, pH 7.9, 0.4 M NaCl, 1.5 mM MgCI2, 0.2 mM
EDTA and 0.5 mM dithiothreitol) and spun down at 12 000 g for
30 min to get nuclear fraction. For whole cell lysates, cells were
resuspended and homogenized in buffer (100 mM Tris-Cl,
pH 7.4, 300 mM NaCl, 1 % NP-40 and 0.25 % sodium-
deoxycholate). All the buffers were supplemented with protease
and phosphatase inhibitor mixtures. For direct western blot anal-
ysis, the cell lysates or the particular fractions were separated by
SDS polyacrylamide gel electrophoresis, transferred to nitrocel-
lulose membrane and probed with specific antibodies, for exam-
ple, -COX-2 produced from Santa Cruz (Santa Cruz, CA, USA),
thereafter the immunoblots were visualized by chemilumines-
cence. Equal protein loading was confirmed with «-actin anti-
body (Santa Cruz).

RT-PCR Assay

Two mg of the total RNA, extracted from cells with TRIzol
reagent (Invitrogen, Carlsbad, Carlsbard, CA, USA) was reverse
transcribed and then subjected to PCR with enzymes and re-
agents of the RTplusPCR system (Eppendorf,
Hamburg,Germany) using GeneAmpPCR 2720 (Applied
Biosystems; Foster City, CA, USA). The cDNAs were amplified
with primers specific for COX-2 (5'-TGA TCGAAGACTACG
TGCAACA-3/5"-GCG GATGCCAGTGATAGAGTG-3'), and
GAPDH (internal control): (5'-CA-GAACATCATCCCTGCC
TCT-3"/5'-GCTTGACAAAGTGGTCGTTGAG-3").

Histology and Immunohistochemistry

Breast carcinoma tumours were fixed in 10 % neutral-buffered
formalin for 24 h, and the tumour size was measured. The
tumour was then embedded in paraffin, sectioned, following
which the lymph nodal status and grade was determined. For
immunohistochemistry, paraffin sections of tumours were
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deparaffinized and hydrated by successive washes with xy-
lene, 100 % ethanol, and a phosphate buffer [10 mM],(pH 7.4)
and 0.138 M saline containing 2.7 mM KCI. Antigen retrieval
was accomplished with diluted antigen retrieval buffer
(DAKO Corp.) Endogenous peroxidase was blocked with
3 % hydrogen peroxide. Subsequently, slides were washed in
PBS/KCI, incubated with 10 % normal horse serum followed
by the primary antibody (rabbit anti-ER antibody or rabbit anti-
PR antibody rabbit anti-c-erbB2; HER-2/neu) and incubated
overnight at 4 °C. The slides were then incubated with biotinyl-
ated secondary antibody for 45 min, followed by ABC reagent
and diaminobenzidine. Counterstaining was done with hema-
toxylin. Sections were dehydrated by washing sequentially with
95 % ethanol, 100 % ethanol, and xylene. Coverslips were
mounted on slides using Paramount. Digital images of stained
and unstained cells were obtained using an Olympus micro-
scope equipped with a SPOT digital camera [1].

Statistical Analysis

Statistical Analysis was performed with help of Epi Info (TM)
3.5.3. EPI INFO is a trademark of the Centers for Disease
Control and Prevention (CDC). Using this software, basic
cross-tabulation, inferences and associations were performed.
Chi-square test was used to test the association of different study
variables with the expression of COX-2. Test of proportions was
used to test the significant difference between two proportions
and corresponding standard normal deviate (Z-values) were cal-
culated with corresponding p-values. Odds ratio (OR) with 95 %
Confidence Interval (CI) was calculated to measure the different
risk factors under univariate analysis. Under multivariate analysis
Logistic Regression was used to find the risk factors. p<0.05 was
considered statistically significant.

Results and Analysis

COX-2 was not expressed in the control group by either
western blot or RT-PCR technique. The mean age (mean =+

s.e) of the patients was 50.78+8.81 years with range 37—
75 years and the median age was 50 years.

As per Table 1, test of proportion showed that there was no
significant difference in COX-2 expression for Stage-I tu-
mours, small size (0 — 1.99 cm) and a NPI <5.4. Similarly,
histology of lobular carcinoma and ductal carcinoma in situ
also did not show any significant difference in COX-2 expres-
sion. For all other variables proportions of COX-2 positive
cases were significantly higher than COX-2 negative cases.
The proportion of COX-2 positive tumours in postmen-
opausal patients [64(90.1 %)] was significantly higher
than in the pre-menopausal group [40 (76.9 %)],
(»<0.01). Likewise, the proportion of COX-2 positive
tumours in patients of age >50 years [52(91.2 %)] was
significantly higher than those of age <50 years [52
(78.8 %)], (p<0.01). 8 (66.7 %) patients with stage I,
13 (81.3 %) patients with stage II, 77 (87.5 %) patients
with stage III and 6(85.7 %) patients with stage IV
disease had COX-2 positive tumours. The histological
grades were measured by the Modified Bloom-
Richardson Grading Scheme. In grade I, 2 out of 9
patients (22.2 %), in grade II 17 out of 23 patients
(73.9 %), in grade III 85 out of 91 patients (93.4 %)
had COX-2 positive tumours and this was statistically
significantly higher than the COX-2 negative tumours.
96.3 % (52 out of 54) of large (>4 cm) tumours,
75.8 % (47 out of 62) of middle size (2 — 3.99 cm)
tumours, and 71.4 % (5 out of 7) small (<2 cm) tu-
mours were COX-2 positive. 4 patients with no lymph
node metastasis(26.7 %), 35 patients with 1-3 metastatic
lymph nodes (81.4 %), 47 patients with 4-9 metastatic
lymph nodes (100.0 %) and 18 patients with metastasis
in >9 lymph nodes (100.0 %) were found to have COX-
2 positive tumours and this was statistically significant.
COX-2 expression was seen in 86 patients with a NPI>
5.4 (100.0 %) as compared to 18 patients with a NPI
<5.4 (48.6 %). For tumours with a NPI>5.4, the differ-
ence between COX-2 positive and negative tumours was
statistically significant (p<0.01).

NPI = tumour size X 0.2 4+ lymph node stage(l = no node,

+ grade(1, 2 or 3).

2 =1 to 3 nodes positive,3 =4 or more nodes positive)

COX-2 expression was more common in ER-negative
tumours 66(95.7 %) than ER-positive tumours
38(70.4 %) which was statistically significant
(p<0.01). COX-2 expression was more common in
PR-negative tumours 76(92.7 %) than PR-positive tu-
mours 28(68.3 %) and this difference was statistically

significant (p<0.01). COX-2 expression was seen more
frequently in HER-2/neu positive tumours 29(100.0 %)
compared with HER-2/neu negative tumours 75(79.8 %)
and this was statistically significant (p<0.01). According
to histological type, 83(92.2 %) patients with invasive
ductal carcinoma, 12(63.2 %) patients with lobular
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Table 1 Clinicopathological details according to COX-2 status

Table-1 COX-2 positive COX-2 negative Z-value p-value
No of patients Percentage (%) No of patients Percentage (%)
Menopausal Status Premenopausal 40 76.9 12 23.1 5.49 <0.01*
Postmenopausal 64 90.1 7 9.9 9.56 <0.01*
Age (years) <50 52 78.8 14 21.1 6.61 <0.01*
>50 52 91.2 5 8.8 8.80 <0.01*
Stage I 8 66.7 4 333 1.63 >0.05
I 13 81.3 3 18.8 3.53 <0.01*
I 77 87.5 11 12.5 9.94 <0.01*
v 6 85.7 1 14.3 2.67 <0.01*
Tumor size (cm) 0-1.99 71.4 2 28.6 1.60 >0.05
2-3.99 47 75.8 15 242 5.74 <0.01*
>4 52 96.3 2 3.7 9.62 <0.01*
Grade I 2 222 7 77.8 2.35 <0.05*
I 17 73.9 6 26.1 3.24 <0.01*
I 85 93.4 6 6.6 11.71 <0.01*
Lymph node metastasis No Node 4 26.7 11 73.3 2.55 <0.05*
1 —3 Node 35 81.4 8 18.6 5.82 <0.01*
4 —9 Node 47 100.0 0 0.0 9.69 <0.01*
10 — More Node 18 100.0 0 0.0 6.00 <0.01*
NPI <54 18 48.6 19 51.4 0.23 >0.05
>54 86 100.0 0 0.0 13.11 <0.01*
ER Positive 38 70.4 16 29.6 423 <0.01*
Negative 66 95.7 3 43 10.72 <0.01*
PR Positive 28 68.3 13 31.7 3.31 <0.01*
Negative 76 92.7 6 73 10.93 <0.01*
HER-2/neu Positive 29 100.0 0 0.0 7.61 <0.01*
Negative 75 79.8 19 20.2 8.16 <0.01*
Histology type IDC 83 922 7 7.8 11.32 <0.01*
LC 12 63.2 7 36.8 1.62 >0.05
DCIS 9 64.3 5 35.7 1.51 >0.05

DCIS ductal carcinoma in situ, /DC invasive ductal carcinoma, LC lobular carcinoma

* Statistically significant

carcinoma and 9(64.3 %) patients with ductal carcinoma
in situ were COX-2 positive.

As per Table 2, the risk of COX-2 positivity was
2.74[OR-2.74(1.00, 7.54); p=0.04] times more for post-
menopausal patients, 6.90[OR-6.90(2.33,20-37);
p<0.001] times more for large tumours size(>2.5 cm),
34.37[OR-34.37(8.89,132.88);p<0.001] times more for
node positive tumours, 9.26 [OR-9.26(2.53, 33.85);
p<0.001] for ER negative tumours and 5.88[OR-
5.88(2.03, 16.97); p<0.001] times more for PR negative
tumours and the risks were statistically significant. The
risk of COX-2 positivity was 2.80 [OR-2.80(0.94,
8.33); p=0.06] times more for the patients having
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higher age (>50 years) compared to the patients having
lower age (<50 years) and 2.30[OR-2.30(0.81, 6.57);
p=0.11] times more for advanced stage but the risks
were not significant.

Figure la, represent that COX-2 was expressed more
in ER negative tumours as compared to ER positive
tumours as determined by western blot. Figure 1b, rep-
resents that COX-2 was expressed more in ER negative
tumours as compared to ER positive tumours as deter-
mined by RT-PCR technique. 2A, represents that COX-2
was expressed more in HER-2/neu positive tumours as
compared to HER-2/neu negative tumour as determined
by western blot method. 2B, represents that COX-2 was
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Table 2 Different risk factors under univariate analysis according to COX-2 status

Table-2 COX-2 positive

COX-2 negative Odds ratio (OR) with 95 % CI

No of patients

Percentage (%)

and p-values

No of patients ~ Percentage (%)

Menopausal status Premenopausal 40 76.9
Postmenopausal 64 90.1
Age (years) <50 52 78.8
>50 52 91.2
Stage Early (I, IT) 21 75.0
Advance (III, IV) 83 87.4
Tumor size (cm) <25 12 57.1
>2.5 92 90.2
Lymph node metastasis No Node 4 26.7
Node Positive 100 92.6
ER Positive 38 70.4
Negative 66 95.7
PR Positive 28 68.3
Negative 76 92.7

12 23.1 2.74(1.00,7.54); p=0.04*

7 9.9

14 21.1 2.80(0.94, 8.33); p=0.06

5 8.8

7 25 2.30(0.81, 6.57); p=0.11

12 12.6

9 429 6.90(2.33, 20.37); p<0.001*
10 9.8

11 733 34.37(8.89, 132.88); p<0.001*
8 74

16 29.6 9.26(2.53, 33.85); p<0.001*
3 43

13 31.7 5.88(2.03, 16.97); p<0.001*
6 73

* Statistically significant

expressed more in HER-2/neu positive tumours as com-
pared to HER-2/neu negative tumour as determined by
RT-PCR technique.

Discussion

In our study, COX-2 was activated in 84.55 % cases of human
breast carcinoma as analyzed by western blotting and RT-
PCR, where as COX-2 was undetectable in the control group.

COX-2 has been shown to be expressed in both ductal
carcinoma in situ and invasive ductal carcinoma, but not in

aERc+-+-

COX-2 L — -

. R,
o-actin — ‘

ER c + - + -

Fig. 1 a. represents that COX-2 was expressed more in ER negative
tumours as compared to ER positive tumours as determined by western
blot method. b. represents that COX-2 was expressed more in ER nega-
tive tumours as compared to ER positive tumours as determined by RT-
PCR technique

normal breast tissue in several research articles [16—18]. We
also saw COX-2 expression in invasive ductal carcinoma,
lobular carcinoma and ductal carcinoma in situ but not in
fibroadenoma and benign breast disease (Figs. 1 and 2). In
this study, COX-2 expression was seen more frequently in
postmenopausal patients.

Many studies have demonstrated that COX-2 expres-
sion was significantly correlated with large tumour size
and advanced stage of disease [19-22]. It has been
reported that elevated COX-2 expression was more
common in tumours with axillary lymph node metastasis
and a larger size [15, 17, 23]. We showed that COX-2
was expressed in advanced stage compare to early

a

HER-2/neu c + - + .
COX-2

b

HER-2/neu C + - + -

Fig. 2 a. represents that COX-2 was expressed more in HER-2/neu
positive tumours as compared to HER-2/neu negative tumour as deter-
mined by western blot method. b. represents that COX-2 was expressed
more in HER-2/neu positive tumours as compared to HER-2/neu negative
tumour as determined by RT-PCR technique
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Fig. 3 A model for ER, COX-2
and HER-2/neu interactions. ER
regulates gene expression through
protein-protein interactions with
other transcription factors, e.g.
activator proteinl (AP-1) and
then COX-2 expressed through
Ras, Raf, MAPK pathway. Our
study demonstrates that COX-2
can stimulate HER-2/neu
expression via EGFR through the
major role of PGE-2

ER Positive — —— P
\_/

ER Negative

By RAS/MAPK/PKC but via
mechanisms other than stimulation
through HER-2/neu

RAS/MAPK/C-Jun via C-AMP
HER-2/neu

Positive

breast carcinoma. In this study, activation of COX-2
significantly correlated with large size and high grade
tumours. Like the western data, this study shows COX-
2 expression to be more frequent in patients with lymph
node involvement.

Various studies reported that COX-2 expression was
correlated with ER negative [23], PR negative and
HER-2/neu positive status [24]. HER-2/neu is over
expressed in approximately 20-30 % of invasive breast
cancers and is an independent marker of poor prognosis
[25]. We found that high levels of COX-2 expression
correlated with HER-2/heu overexpression and also cor-
related with absence of ER and PR expression. COX-2
expression in ER negative cell lines is also associated
with mutated RAS. Increased expression of this protein
has been associated with reduced estrogen dependence
in breast cells [26]. Both PKC [27] and mutated RAS
[28] have been associated with an increased metastatic
potential in cell lines. ER positive tumours were asso-
ciated with a good prognosis compared to ER negative
tumours. We observed that COX-2 was expressed in
HER-2/neu positive tumours.

NPI is already an accepted prognostic marker in breast
cancer in the western population. Andre Albergaria et al.
found that NPI is a good predictor of survival in breast cancer
[29]. NPI is a reliable index to predict overall survival of
breast cancer patients over 5 years [30]. NPI<5.4 is associated
with good prognosis (about 70 % survival over 10 years)
while NPI>5.4 has a less than 50 % 10-year survival rate.
We observed that COX-2 was expressed patients with a high
NPI, suggestive of a poor prognosis. The induction of COX-2
by HER-2/neu was mediated by the RAS pathway. RAS can
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regulate gene expression by stimulating MAPK activities
[31]. HER-2/neu and COX-2 expression could be stimulated
by PKC [32] and MAPK/C-Jun via the c-AMP response
element [33]. We may conclude that the high level of COX-
2 in breast cancer is due to overexpression of HER-2/neu
through RAS/MAPK/C-Jun via C-AMP pathways
(Fig. 3). COX-2 can stimulate HER-2/neu expression
via EGFR through PGE2. So COX-2 mediates variety
of cellular processes including tumour growth, apopto-
sis, differentiation, cell cycle, lymph node metastasis
and angiogenesis. COX-2 overexpression correlates with ag-
gressive phenotypic features, such as high grade, large tumour
size, lymph node metastasis, high NPI, HER-2/neu overex-
pression and ER negative status in breast cancer patients. It
can be hypothesized that COX-2 expression may play an
important role as a biomarker for estimating tumour aggres-
siveness in clinical practice. If COX-2 expression is an early
initiating event in the development of breast cancer, novel
therapeutic strategies that inhibit its aberrant expression or
function may well have a major role in the prevention of
human breast cancer.

Conclusion

COX-2 expression was seen to be associated with parameters
that indicate poor prognosis in breast cancer such as postmen-
opausal status, age >50 year, advanced stage of disease, large
tumour size, higher grade, lymph node metastasis and a NPI>
5.4. Similarly, COX-2 was expressed in ER-, PR- and HER-2/
neu + tumours. This indicates that COX-2 expression is asso-
ciated with aggressive tumour biology, and can act as a
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predictor of tumours with a poor prognosis. As a result, inhibi-
tion of COX-2 expression may decrease tumour progression
and block breast carcinogenesis, which may have implications
in prevention of breast cancer in patients at high risk.
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