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Abstract COX-2 protein levels in breast tumors by

Purpose:  The inducible inflammatory  enzyme immunohistochemistry according to gene polymorphisms,

cyclooxygenase-2 (COX-2) favors carcinogenesis, but its
expression in breast tumors presents great variability, with

controversial prognostic impact. Here, we characterize
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and evaluate if tumor COX-2 protein levels or mRNA are

associated with survival outcomes.
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Methods: First, COX-2 protein levels were quantified by
immunohistochemistry in selected tissue specimens
(N=236) of excised breasts from a hospital-based cohort of
breast cancer in Brazil, and evaluated for their association
with gene polymorphisms and histopathological variables,
as well as with survival outcomes. Secondly, an online gene
array database compiling information from different breast
cancer cohorts was used to analyze the association between
tumor COX-2 mRNA and survival outcomes.

Results: High COX-2 protein levels were associated with
high tumor grade (OR=1.86; 95% CI=1.1-3.17), but not
with gene variants or survival outcomes. In contrast, high
COX-2 mRNA was associated with better disease-free
survival when considering all cases (HR=0.82;
95%CI=0.72-0.92; N=3951) or only ER+ tumors
(HR=0.62; 95%CI1=0.49-0.79; N=2061), but with worse
disease-free survival (HR=1.6; 95%CI=1.22-2.11; N=618)

among patients with basal-like tumors.

Conclusion: Gene polymorphisms do not account for the
variability on COX-2 protein levels in breast tumors, and
COX-2 mRNA seems to be a better candidate for
prognostic evaluation of breast cancer survival, but its

impact depends on breast cancer subtypes.

Keywords: COX-2; Breast cancer survival; PTGS2; Gene
polymorphisms
Abbrevations: COX-2- cyclooxygenase-2; PGE2-
prostaglandin E2; SNPs- single nucleotide polymorphisms;
INCA-Brazil- Brazilian National Cancer Institute; CS-
continuous scale; IRS- immunoreaction score; OR- odds
ratio; HR- hazard ratio; ER- Estrogen Receptor; HER2-
Human Epidermal Growth Factor Receptor 2
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1. Background

Breast cancer is the most incident and prevalent cancer
among women worldwide [1], and a highly heterogeneous
disease, with diverse morphological and molecular
presentations [2]. Although the advances in tumor
classification and personalized treatment have contributed
to reduce its global mortality [3], breast cancer remains the
first cause of death by cancer among women [4]. As an
attempt to identify additional molecular targets that may
guide clinical conducts or improve prognostic evaluation,
vital biological processes in breast carcinogenesis are under

scrutiny [5].

Chronic inflammation is a hallmark of several cancers,
since it ultimately contributes for tumor growth, migration
and metastasis [6]. In breast cancer, the presence of an
inflammatory infiltrate was first proposed as a prognostic
marker by [7]. Since then, many inflammatory factors, as
well as their receptors, have been shown to participate in
various steps of tumor development, including cell
proliferation, differentiation, angiogenesis and metastasis
[8]. The inducible enzyme cyclooxygenase-2 (COX-2),
which is coded by the PTGS2 gene, is recognized as the
master switch that activates the inflammatory response; its
induction leads to the biosynthesis of prostaglandins,
particularly prostaglandin E2 (PGEZ2), which orchestrates
the inflammatory response [9]. In invasive breast
carcinoma, the frequencies of COX-2 overexpression range
from 17% to 84% [10], and the mechanisms underlying this

variability are not yet fully understood.

PTGS2 gene is highly regulated, both in the promoter [11]
and in the 3’-untranslated [12] regions. PTGS2 is also
highly polymorphic, with several single nucleotide
polymorphisms (SNPs) in these regulatory regions [13-15].
The four most common PTGS2 SNPs (rs689465, rs689466,
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rs20417, and rs5275) have estimated global frequencies >
0.1 [16], and two of them (rs689466 and rs5275) have been
shown to affect gene expression in in vitro studies. Thus,
rs689466 (-1195 G variant) increased gene transcription in
different cell models [17-19], whereas rs5275 (8473 C
variant) appears to favor mRNA stability [13]. However,
there are no in vivo studies evaluating the impact of these
SNPs on tumor levels of COX-2, either in breast cancer or

in other solid tumors.

A recent paper from our group suggests an association of
rs689466 (-1195 G variant) with a significant reduction in
disease-free survival of obese breast cancer patients [20].
The link between excess weight or obesity and breast
cancer appears to involve altered expression of hormones,
especially estrogen, as well as growth factors and
inflammatory mediators, including PGE2 [21]. These
findings favor the idea that chronic inflammation and
induction of COX-2 in tumor microenvironment may

contribute for worse prognosis of breast cancer.

Here, we evaluate if rs689466 and other major PTGS2
SNPs affect COX-2 protein levels in breast tumors, and if
tumor COX-2, either as mRNA or protein levels, may
contribute as a prognostic predictor of disease-free and
overall survival of breast cancer patients. Two approaches
were used. First, COX-2 was quantified by
immunohistochemistry in selected tissue specimens of
excised breasts from a hospital-based cohort of breast
cancer in Brazil, whose patients had been previously
genotyped for PTGS2. COX-2 protein levels were evaluated
association  with PTGS2 SNPs and

histopathological variables, as well as for their impact on

for  their
disease-free and overall survival. Second, an online gene
array database (compiling GEO, EGA and TCGA

platforms) was assessed via the online software KMplotter
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(www.kmplot.com) [22] to analyze the association between
tumor COX-2 mRNA and survival outcomes of different

breast cancer cohorts.

2. Materials and Methods

2.1 COX-2 evaluation in breast tumors from a single
hospital-based cohort

2.1.1 Tumor selection: Tumor blocks (N=236) were
selected from a hospital-based cohort of Brazilian women
with first diagnosis of unilateral breast carcinoma and no
distant metastases (N=713) who were assigned for curative
surgery as their first therapeutic approach at the Brazilian
National Cancer Institute (INCA-Brazil), during the period
from February 2009 to April 2013. The study protocol was
approved by the Ethics Committees of the Brazilian
National Cancer Institute (INCA #129/08) and of the
National School of Public Health (FIOCRUZ/CAAE
55929416.8.0000.5240), and all patients gave written
consent to participate. The description of this cohort
formation and its main clinical characteristics have been
previously published [23, 24]. All patients were genotyped
for rs689465 (-1290AG), rs689466 (-1195AG), rs20417 (-
765GC) and rs5275 (8473TC) [20].

The selection of tumor blocks was based on PTGS2
genotypes and breast cancer subtypes. The 236 tumors that
were included comprising all available cases with variant
rs689466 genotypes (-1195 AG + GG, N=114) and 123
tumor blocks from patients with the wild-type genotype (-
1195 AA). All available blocks of HER2-like or Triple-
Negative tumors (N=72) were also included (55 AA, 17 AG
+ GG).

2.1.2 Immunohistochemistry and scoring: Paraffin-
embedded tumor samples were cut into sections of 3pm
thick tissue and mounted on glass slides with 3-

aminopropyl triethoxysilane (Sigma ChemicalCo, St. Louis,
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MO USA). The slides were deparaffinized in xylene baths
at 25°C and rehydrated in a grading system of ethanol and
water. Haematoxylin and eosin staining were performed to
select the most representative specimen for each patient
[25]. COX-2 detection was performed with monoclonal
mouse anti-human COX-2 antibody, clone CX 294 (dilution
1:100) (Agilent Technologies Inc, Santa Clara, USA).
Incubations were carried out overnight and then revealed
using Novolink Polymer Detection System standard
protocol (Leica Biosystems, Newcastle Ltd, USA). Colon
adenocarcinoma was used for negative and positive
controls. Negative controls were verified in the absence of
the monoclonal antibody. Because of the observed
intratumoral variability in COX-2 staining in breast tumors,
the individual quantification included the whole area of a
representative tumor slide and was based on the two
previously published scoring methods: a continuous scale
(CS) [26] and a categorical score, [25] both of which
consider the percentage of immunostained cells and the

intensity of the reaction.

The CS was calculated as follows: CS=(% weak x 1) + (%
moderate x 2) + (% strong x 3) [26]. The intensity of COX-
2 staining was rated as follows: negative (complete absence
of cellular reaction); weak (diffuse and mild reaction in
cytoplasm, with no detectable reaction in cell membranes);
moderate (detectable reaction in both cytoplasm and plasma
membrane); or strong (strong in both cytoplasm and plasma
membrane). The categorical score, or immunoreaction score
(IRS), was defined by the following equation:
IRS=(positivity score) x (intensity score). The positivity
score was attributed 1 to 4, according to the percentage of
positive cancer cells: 1 (1%-9%), 2 (10%-49%), 3 (50%-
79%), or 4 (80%-100%). The intensity score ranged 0-3:
negative (0), weak (1), moderate (2), or strong (3) [25].

Breast tissues were considered positive for COX-2 when
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the IRS was > 6, meaning that at least 10% of the cells

presented moderate staining.

All slides were blindly evaluated by a pathologist (FRR),
using a light microscope (Nikon, Tokyo, Japan). High
quality images were captured using the Aperio ImageScope
(Leica Biosystems, Newcastle Ltd, USA).

2.1.3 Survival outcomes: Disease relapse was defined as
the primary clinical endpoint of the study, and was
characterized by the occurrence of loco-regional or contra-
lateral recurrence of breast cancer or by any distant
metastasis. Disease-free survival was defined as the period
of time between the date of surgery and the date of first
relapse detection. Patients were considered disease-free if
they had no suggestive clinical symptoms or imaging
diagnosis of disease progression until their last medical
consult. New primary cancer lesions were censored in the
analysis of disease-free survival. Overall survival was the
secondary clinical endpoint, and was considered as the
period of time between the date of surgery and the date of
death by any cause. Patients achieving five years of follow-

up were censored for both disease-free and overall survival.

2.1.4 Statistical analyses: Histopathological variables and
PTGS2 genotypes were categorized and expressed in
numbers and relative frequencies. COX-2 expression based
on CS was compared between categories of
histopathological variables and PTGS2 genotypes using the
Mann-Whitney U test. The association between IRS and
PTGS2 genotypes or histopathological variables was
evaluated with the x° test, with the calculation of the odds
ratios (ORs) and respective 95% CI. All the statistical
analyses were conducted by using IBM SPSS Version 20
for Windows (IBM Corp., Armonk, NY, USA). The impact

of individual variables on disease-free survival rates was
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estimated by calculation of their Hazard Ratios (HR), and
95% confidence intervals (95% CI), using Cox regression
models. Descriptive statistics and survival analyses were
conducted using SPSS 13.0 for Windows (SPSS Inc.,

Chicago, Illinois).

2.2 COX-2 mRNA and impact on survival outcomes
from compiled breast cancer cohorts

Publically available information regarding gene expression
profiles, clinical data and survival outcomes of different
breast cancer cohorts that are compiled in the GEO, EGA
and TCGA platforms were assessed via the online software
KMplotter (www.kmplot.com) [22]. Relapse-free survival
and overall survival were analyzed using the filters for
breast cancer and for PTGS2 gene, censoring the follow-up
time in 60 months, and setting the best cut-off value of
mRNA expression to categorize tumor expression as “low”
or “high”. Additional filters were used to evaluate the

results according to breast cancer subsets, as follows:

DOI: 10.26502/jcsct.5079058

3. Results

COX-2 immunostaining was characterized in all selected
tumors (N=236) from the INCA-Brazil cohort, and a
representative image is shown in Figure 1. Figures la and
1b illustrate fully negative reactions, whereas Figures 1c to
1h show a gradation of the immunostaining intensity,
characterized as weak (Figures 1c and 1d), moderate
(Figures 1le and 1f), or strong (Figures 1g and 1h). The
distribution of the CS showed a median of 100 with an
interquartile range of 40-200 and, according to the IRS
values, 129 (55%) breast tumors were considered with high
COX-2 expression (IRS > 6).

The distribution of CS and IRS was evaluated according to
individual clinical features and to PTGS2 genotypes (Table
1). No significant associations were found, except for a
higher proportion of positive COX-2 expression among
high-grade (G3) tumors, although the median values and

the distribution of CS were not different according to tumor

Estrogen Receptor (ER) positive or negative; Human grades.
Epidermal Growth Factor Receptor 2 (HER2) positive and
Triple Negative (negative for ER, HER2 and for the
Progesterone Receptor-PR).
Individual features IR*S <° IRS26 cs
N | % N* % OR 95%CI Median | IR pM-W
Grade
Gl+G2 54 | 50.9 44 35.8 150 55.0- 2175
G3 52 | 49.1 79 642 |1.86 |1.1-3.17 | 140 50.0 - 200.0 | 0.487
Tumor size
pT1 47 | 43.9 55 43 100 50.0 - 218.75
pT2 +pT3 60 | 56.1 73 57 1.04 | 0.62-1.75| 150 50.0 - 200.0 | 0.866
Lymph node status
pNO + pN1 57 | 53.3 70 54.7 150 50.0 - 225.0
pN2 + pN3 50 | 46.7 58 45.3 0.7 0.42-1.17 | 100 55.0-200.0 | 0.258
Journal of Cancer Science and Clinical Therapeutics 124
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Stage

I+11 67 | 62.6 83 65.4 120 50.0-225.0

" 40 | 374 44 346 |0.89 |052-152 (150 70.0-200.0 | 0.918
ER/PR

Negative 32 | 29.9 40 31 150 50.0-225.0

Positive 75 | 70.1 89 69 105 | 0.6-184 | 100 525-175.0 | 0.073
Biological classification

Luminal 75 | 70.1 89 69 150 50.0-225.0

HER-2 + Triple negative | 32 | 29.9 40 31 1.05 | 0.6-1.84 | 100 52.5-175.0 | 0.073
Obesity

Normal + Overweight 77| 72 91 70.5 140 50.0 - 200.0

Obese 30 | 28 38 205 |1.07 | 0.61-1.89 | 140 60.0 - 200.0 | 0.952
Menopausal status

Pre-menopausal 29 | 274 29 22.7 100 50.0 - 200.0
Post-menopausal 77 | 72.6 99 77.3 129 | 0.71-233 | 140 50.0-200.0 | 0.461
PTGS2 genotypes

1290AG

AA 91 | 85.1 107 | 82.9 100 47.5 - 200.0

AG + GG 16 | 14.9 22 17.1 1.17 | 0.58-2.36 | 160 100 - 213.75 | 0.146
1195AG

AA 51 | 47.7 72 55.8 100 70.0 - 200.0

AG + GG 56 | 52.3 57 44.2 0.72 | 0.43-1.21 | 160 37.5-225.0 | 0.655
765GC

GG 84 | 785 95 73.6 100 50 - 200.0

GC+CC 23 | 215 34 26.4 131 | 0.71-239 | 160 72.5-221.25 | 0.324
8473TC

TT 70 | 66 81 64.3 100 40.0 - 200.0
TC+CC 36 | 34 45 357 |1.08 | 0.63-1.86| 160 75.0-225.0 | 0.074

*Numbers may not sum 236 tumor specimens in cases of missing data. Abbreviations: HER-2: Human epidermal growth

factor receptor 2.

Table 1: Distribution of clinical features and PTGS2 genotypes according to COX-2 immunostaining (IRS or CS).
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Figure 1: The right column indicates 100x magnification, and the left column indicates 400x magnification. Photomicrographs
of COX-2 immunostaining in mammary tissue specimens from breast cancer patients. The panels (A—H) show different

immunoreaction intensities: (A and B) negative; (C and D) weak; (E and F) moderate; (G and H) strong immunostaining.
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J Cancer Sci Clin Ther 2020; 4 (2): 120-132

Next, we evaluated if COX-2 protein levels in breast
tumors, categorized as low or high according to IRS, could
predict survival outcomes, but no significant effects were
detected either on disease-free survival (HR=0.65; 95% CI
0.30-1.39) or overall survival (HR=1.10; 95% CI 0.39-
2.83). In addition to evaluating the prognostic impact of
COX-2 protein levels in the INCA-Brazil cohort, we
decided to evaluate online available data on PTGS2 mRNA
expression from other breast cancer cohorts compiled in the
GEO, EGA and TCGA platforms [22]. Table 2 shows the

DOI: 10.26502/jcsct.5079058

impacts on relapse-free survival or overall survival, either
considering all tumors together or stratifying cases into ER-
positive, ER-negative, HER2-positive or basal-like. The
results indicate significant protective effect of high COX-2
expression for both relapse-free and overall survival when
considering all tumors or only ER-positive tumors. In
contrast, within basal-like tumors, high COX-2 expression
appears to contribute for worse survival outcomes, although

the effect was only significant for relapse-free survival.

Relapse-free survival Overall survival
Tumor subset | Probe

N HR 95% ClI P N HR 95% CI P
All tumors 204748 at | 3951 | 0.82 | 0.72-0.92 0.001 1402 | 0.74 0.57-0.96 0.024
ER + 204748_at | 2061 | 0.62 | 0.49-0.79 6.8 e-05 548 | 0.45 0.27-0.77 0.0026
ER - 204748_at | 801 1.22 | 0.93-1.59 0.15 251 | 0.75 0.44-1.27 0.29
Basal-like 204748_at | 618 1.6 1.22-2.11 0.0007 241 | 1.66 0.92-2.98 0.087
HER2 + 204748_at | 252 0.79 | 0.51-1.23 0.3 129 | 0.5 0.23-1.08 0.074

Abbreviations: ER+: Estrogen receptor positive, ER-: Estrogen receptor negative, HER-2: Human epidermal growth factor

receptor 2.

Table 2: Prognostic impact of high tumor levels of PTGS2 mRNA considering online data from compiled breast cancer
cohorts [22].

4. Discussion

The present study aimed to investigate if PTGS2 SNPs
could explain the variability on COX-2 expression in breast
tumors, and to evaluate if the differential tumor expression
of COX-2 would affect survival outcomes of breast cancer
patients. The first approach was based on a single cohort of
Brazilian breast cancer patients who had been previously
genotyped for the PTGS2 SNPs [19] and had availability of
tumor blocks. Individual information was used to select
tumor specimens from patients with variant genotypes,
especially rs689466, which has been shown to increase

gene transcription in different cell models [17, 18, 20]. The

Journal of Cancer Science and Clinical Therapeutics

other three most frequent PTGS2 SNPs composing the
major five haplotypes [27] were also present in the
selection and could be simultaneously evaluated. The
second approach was based on a compilation of publically
available information regarding gene expression profiles,
based on tumor mRNA levels, and survival outcomes of
other breast cancer cohorts that are included in the GEO,
EGA and TCGA platforms [22].

The results of COX-2 immunostaining within the INCA-

Brazil cohort confirm the expected large variability on

COX-2 expression in breast tumors [10], and indicate no
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significant effect of PTGS2 SNPs either considering the
distribution of continuous imunohistochemistry scores or
the proportion of tumors with high IRS (> 6). Although the
lack of detectable associations affecting COX-2 expression
could be attributable to be a type 2 error, due to the
relatively limited sample size, the results regarding PTGS2
SNPs suggest small effects, if any. In contrast, high COX-2
scores were significantly associated with high-grade (G3)
tumors, which seems in accordance with the expected roles
of COX-2 and PGE2 in favoring tumor proliferation [28].
However, no significant prognostic impact was found
regarding high COX-2 scores in breast tumors of the INCA-
Brazil cohort. Few previous studies investigated the impact
of high COX-2 imunostaining scores in breast cancer
survival outcomes, considering at least 100 tumor
specimens and a five-year follow-up [29-33]. Among those
studies, only Siking et al. [31] reported a significant
prognostic association, i.e. that high COX-2 scores in breast
tumors (N=193) increased the risk of distant metastasis
after multivariate analysis (HR=2.8, 95% CI 1.6-4.9;
P=0.002).

In order to expand the evaluation of the potential prognostic
impact of COX-2 expression in breast tumors, we
considered publically available data on tumor mRNA from
large breast cancer cohorts. The analysis of a large number
of cases increases statistical power and allows stratification
according to breast cancer subsets that might be differently
associated with and/or affected by COX-2 expression.
Indeed, the results indicate a significantly protective effect
of high COX-2 mRNA for both relapse-free and overall
survival when considering all tumors or only ER-positive
tumors, whereas patients with basal-like tumors appear to
have worse relapse-free survival when tumor expression of
COX-2 is high. Such difference between basal-like and ER-

positive tumors regarding COX-2 prognostic effect might
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be related to the superior ability of basal-like tumors in
recruiting macrophages [34, 35] and inducing M2
polarization. This scenario involves higher COX-2
synthesis, and thereby favors protumorigenic functions [34,
36-38], such as epithelial-mesenchymal transition,
proliferation, chemoresistance and motility of cancer cells
[39]. In contrast, luminal tumors present lower macrophage
infiltration, which is inversely related to ER positivity [40].
Moreover, it has been shown that moderate levels of M1
macrophages contribute to lower risk of relapse ER-positive
disease [41].

5. Conclusions

Taken together, the results indicate that gene
polymorphisms do not account for the variability on COX-2
protein levels in breast tumors, and that COX-2 mRNA may
be a better candidate for prognostic evaluation of breast
cancer survival, whose impacts depend on breast cancer
subtypes. The disparities regarding the prognostic impact of
COX-2 mRNA in breast cancer subtypes are likely to be
associated with gene signatures, and reinforce the need for
large and combined evaluations, so that all factors

influencing breast cancer prognosis can be better evaluated.

6. Highlights

e Breast cancer is very heterogeneous, and new
prognostic biomarkers are needed.

e Chronic inflammation affects carcinogenesis, and
COX-2 is a major trigger.

e Gene polymorphisms affect gene transcription, but
not protein level of tumor COX-2.

e The prognostic impact of tumor COX-2 mRNA
depends on breast cancer subtypes.

¢ High COX-2 mRNA indicates higher risk of relapse

of basal-like breast cancer.
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