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ABSTRACT
CONTEXT AND OBJECTIVE: Cyclooxygenase-2 (COX-2) and human epidermal growth factor receptor
type 2 (HER-2) are associated with tumorigenesis. Studies have shown that HER-2 can regulate COX-2
expression. The aim of this study was to evaluate the correlation between COX-2 and HER-2 expression in
normal breast epithelium and in ductal carcinoma in situ (DCIS) and invasive ductal carcinoma (IDC) pres-
ent in the same breast.
DESIGN AND SETTING: Cross-sectional study at the Mastology Unit of the Department of Gynecology
and Obstetrics, Santa Casa de Misericérdia de Sao Paulo Hospital.
METHODS: COX-2 and HER-2 were detected using immunohistochemistry on 100 tissue fragments. HER-2
= +2 was subjected to fluorescence in situ hybridization (FISH).
RESULTS: COX-2 expression was detected in 87%, 85% and 75% of IDC, DCIS and normal epithelium,
respectively. HER-2 expression was detected in 34% of IDC and 34% of DCIS. COX-2 in DCIS correlated
with HER-2 in IDC (P = 0.049) and DCIS (P = 0.049). COX-2 in normal epithelium correlated with HER-2 in
IDC (P =0.046) and DCIS (P = 0.046). COX-2 in IDC was not associated with HER-2 (P = 0.235). Comparison
between COX-2 and HER-2 in DCIS showed that there was a statistically significant difference with regard
to nuclear grades Il and Ill and presence of comedonecrosis (P < 0.001). In IDC, there was significant expres-
sion with nuclear grades Il and lll and histological grade Il (P < 0.001).
CONCLUSIONS: Our findings provide evidence that HER-2 and COX-2 regulate each other.

RESUMO
CONTEXTO E OBJETIVO: Ciclo-oxigenase (COX-2) e receptor tipo 2 do fator de crescimento epidérmico
humano (HER-2) estéo associados com tumorigénese. Estudos mostraram que HER-2 pode regular a ex-
pressao de COX-2. O objetivo deste estudo foi avaliar a correlacdo entre expressao da COX-2 e HER-2 no
epitélio normal de mama, no carcinoma ductal in situ (DCIS) e carcinoma ductal invasivo (IDC) presentes
na mesma mama.
TIPO DE ESTUDO E LOCAL: Estudo transversal na clinica de Mastologia do Departamento de Obstetricia
e Ginecologia do Hospital da Santa Casa de Misericérdia de Sao Paulo.
METODOS: A deteccdo da COX-2 e HER-2 foi realizada por imunoistoquimica em 100 fragmentos tecidu-
ais. HER-2 = +2 foi submetido a hibridizacao fluorescente in situ (FISH).
RESULTADOS: Expressao de COX-2 foi detectada em 87%, 85% e 75% dos IDC, DCIS e epitélio normal,
respectivamente. Expressao de HER-2 foi detectada em 34% dos IDC e 34% de DCIS. COX-2 em DCIS cor-
relacionou-se com HER-2 em IDC (P = 0,049) e DCIS (P = 0,049). COX-2 no epitélio normal correlacionou-se
com HER-2 em IDC (P = 0,046) e DCIS (P = 0,046). COX-2 no IDC néo foi associada com HER-2 (P = 0,235).
Quando comparado COX-2 com HER-2 em DCIS houve diferenca estatisticamente significante com rela-
¢ao ao grau nuclear Il e lll e presenca de comedonecrose (P < 0,001) e no IDC, houve expressao significati-
va no grau nuclear Il e lll e histolégico Il (P < 0,001).
CONCLUSOES: Nossos achados mostram evidéncias que HER-2 e COX-2 se autorregulam.
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INTRODUCTION
Prostaglandins are known to participate in multiple physiolog-
ical and pathological processes, including wound healing, car-
diovascular disease, inflammation and the development and
growth of malignant tumors.! Cyclooxygenase-2 (COX-2),
the inducible isoform of prostaglandin H synthase, has been
implicated in the origin of a variety of human cancers, includ-
ing breast, colon, lung, gastric, skin, endometrial, ovarian and
esophageal adenocarcinomas.>> COX-2 seems to be involved
in the processes of malignant transformation and tumor pro-
gression by affecting cell proliferation, mitosis, cell adhesion,
apoptosis, immune surveillance, angiogenesis and formation
of carcinogenic metabolites such as malondialdehyde.**

Breast cancer is the most common cancer in women and
is the second biggest cause of cancer-related mortality in the
world.® Epidemiological studies have suggested that regular
use of non-steroidal anti-inflammatory drugs (NSAIDs) may
have some protective effect against breast cancer.” Signifi-
cantly reduced risk of human breast cancer relating to intake
of selective COX-2 inhibitors has been reported.®

COX-2

tory cytokines, tumor promoters, growth factors and viral

expression is induced by pro-inflamma-
transformation.”!* How COX-2 overexpression results in tum-
origenesis and how COX-2 selective agents mediate chemopre-
ventive effects are issues that still need further clarification.

Another important protein, closely related to breast cancer,
is human epidermal growth factor receptor type 2 (HER-2),
one of the four receptors belonging to the HER family.'""> This
receptor presents proliferation-stimulating responses upon
ligand binding."

HER-2 overexpression often results from increased
c-erb-b2 gene activation.'*" Its overexpression becomes more
important when this protein forms heterodimers with other
HER family receptors, such as human epidermal growth factor
receptor type 3 (HER-3). This leads to hyperactive cell signal-
ing pathways and the emergence of a situation of uncontrolled
cell proliferation, thus culminating in tumorigenesis.'¢

Overexpression of this protein in breast cancer has been
associated with disease aggressiveness, a more reserved prog-
nosis, absence of estrogen and progesterone receptors and
resistance to hormonal therapy and chemotherapy based on
cyclophosphamide, methotrexate and fluorouracil.'”

Studies have reported that HER-2 can regulate COX-2
expression.'”® Increased levels of COX-2 messenger RNA
(mRNA), proteins and, consequently, prostaglandin E, syn-
thesis have been detected in HER-2 transformed human mam-
mary epithelial cells, compared with the non-transformed
partner cell line. In this case, it was observed that HER-2
stimulated COX-2 transcription via Ras > Raf > mitogen-ac-

tivated protein kinase (MAPK).'" Supporting this hypothesis,

studies have demonstrated COX-2 expression in HER-2 posi-
tive invasive breast cancer samples.'>*

Research to test whether improved chemopreventive effi-
cacy could be achieved by combining submaximal doses of
selective COX-2 inhibitors and selective retinoid for prevent-
ing HER-2 mammary tumorigenesis has shown that selective
COX-2 inhibitor and retinoid in combination mediate great-
er-than-additive suppression of mammary tumor formation
in HER-2 transgenic mice. Furthermore, parallel decreases in
mammary aromatase activity have been observed. The com-
bination of celecoxib and retinoid potently suppressed mam-
mary aromatase activity (by 56%), compared with controls,
thus suggesting that aromatase modulation may contribute
towards mediating tumor suppression.'

Many studies have already analyzed HER-2 and COX-2
expression in ductal carcinoma in situ and invasive ductal car-
cinoma, but most of these studies were carried out on sam-
ples from different women, thereby restricting the usefulness

of these data for studying tumor progression.

OBJECTIVE

The aim of this study was to evaluate the correlation between
COX-2 and HER-2 expression in ductal carcinoma in situ (DCIS)
and invasive ductal carcinoma (IDC) from the same breast as well
as in normal epithelium. Additionally, we also correlated protein
expression with nuclear grade, histological grade, presence or
absence of comedonecrosis, tumor size (smaller or equal to 2 cm
or greater than 2 cm) and age at time of diagnosis (younger than

50 years or 50 years and over).

METHODS

Sample collection

This study was carried out by analyzing 150 tissue samples
obtained from 150 patients who underwent breast cancer surgi-
cal treatment at the Santa Casa de Misericérdia de Sao Paulo Hos-
pital between June 2002 and July 2008. Fifty cases were excluded
as ineligible for the study: in 30 of these cases, the specimens pre-
sented insufficient amounts of invasive ductal carcinoma (IDC),
ductal carcinoma in situ (DCIS) and normal epithelium; and 20
specimens did not show invasive tumor and ductal carcinoma in
situ in the same paraffin block. Only 100 samples were usable in
this longitudinal retrospective study.

The patients’ mean age was 52 years (range: 31-85 years). None
of the patients had received chemotherapy, hormonal treatment
or radiation therapy before surgery, or any non-steroidal anti-in-
flammatory drugs for the 15 days preceding the procedure.

The hematoxylin and eosin slides for all cases were reviewed.
The nuclear grade and presence or absence of comedonecrosis in
DCIS and the nuclear grade and histological type in IDC were

determined.?>*
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Tissue preparation and immunohistochemistry

Sections of 3 wm in thickness from specimens in formalin-fixed,
paraffin-embedded blocks were prepared stepwise, with depar-
affinization in xylene and rehydration in descending alcohols.
Antigens were retrieved using a microwave oven (four times
5 min at 700 W in 10 mM sodium citrate buffer, pH 6.0). The
slides were immersed in 0.3% hydrogen peroxide in metha-
nol for 30 minutes to block endogenous peroxidase activity
and then in blocking solution [1.5:100 normal horse serum
in phosphate-buffered saline (PBS) for blocking nonspecific
binding sites.

COX-2 immunostaining was performed using specific poly-
clonal antibody (3362-100, Biovision Research Products Co.,
Mountain View, California, United States) at a dilution of 1:70
(15 ug/ml) for 18 hours. HER-2 immunostaining was performed
using mouse monoclonal anti-human HER-2 (clone CB11, Dako
A/S, Copenhagen, Denmark) at a dilution of 1:150 for 18 hours.

The slides were then rinsed in PBS, and the biotinylated sec-
ondary antibody was applied at room temperature for 30 min-
utes (Dako Corp., California, United States). The slides were
incubated in streptavidin-peroxidase at 37 °C for 30 minutes.
The specimens were rinsed in 0.005% Tween-20 in PBS and
then incubated with the 3.3"- diaminobenzidine chromogenic
substrate for five minutes. The sections were counterstained in

Meyer's hematoxylin and were then mounted.

HER-2 fluorescence in situ hybridization (FISH) analysis

Tumors that were scored +2 for membranous staining using the
Dako HercepTest kit were subjected to FISH analysis using the
Vysis PathVysion kit, in accordance with the manufacturer’s
instructions. The Vysis kit incorporates a control probe for chro-
mosome 17, as well as the test probe for the HER-2 gene. In brief,
4-um paraffin-embedded sections were dewaxed, taken to abso-
lute ethanol, and air dried. They were then placed in 0.2 M HCI
at room temperature for 20 minutes and in pretreatment solution
at 80 °C for 30 minutes, and then underwent proteolytic diges-
tionat 37 °C for 25 minutes. The sections were then denatured in
formamide at 72 °C for 5 minutes before incubation in the Path-
Vysion HER-2/17 probe overnight in the dark at 37 °C. The fol-
lowingday, the sections were washed in post-hybridization buffer
at 72 °C for 2 minutes, air dried in the dark, and then mounted in

4’,6-diamidino-2-phenylindole.

Evaluation of COX-2 and HER-2 staining

COX-2 and HER-2 immunohistochemical staining were evalu-

ated and scored independently and blindly by two investigators.
For COX-2, we used the same criteria adopted by Ris-

timaki et al.:" score 0, no staining; score 1, weak diffuse cyto-

plasmic staining (may contain stronger intensity in less than

10% of cells); score 2, moderate to strong granular cytoplasmic

staining in 10-90% of cells; and score 3, over 90% of cells
stained with strong intensity. COX-2 expression was consid-
ered positive with scores of 2 or 3 and negative with scores of
0 or 1 (Figure 1a).

HER-2 expression analysis was performed as recommended
by the HercepTest scoring guidelines: score 0, no staining or
< 10% membrane staining; score +1, partial membrane staining
in > 10% of the tumor cells; score +2, weak or moderately com-
plete membrane staining in > 10% of the tumor cells; and score
+3, strong complete membrane staining in > 10% of the tumor
cells. For HER-2, tumors that exhibited membrane staining of +3
intensity or that were +2 but showed gene amplification by means
of FISH analysis were considered positive (Figure 1b).

Sections were scored by one investigator and subjected to

review by a second investigator.

Statistical analysis

The correlation between COX-2 and HER-2 was analyzed using
Spearman’s rank coefficient. The Kruskal-Wallis test was used
to analyze nuclear grade and histological grade, and the Mann-
Whitney test was used to check for the presence or absence of
comedonecrosis. The chi-square test was used to analyze the ages
and tumor size groups. P-values < 0.05 were considered statisti-
cally significant. All statistical analyses were performed using the
Statistical Package for the Social Sciences software, version 13.0
(SPSS Inc., Chicago, Illinois, United States).

RESULTS

COX-2 expression

One hundred cases were evaluated for immunoreactivity with
anti-COX-2 antibodies. COX-2 immunoreactivity was character-
istically cytoplasmic and granular. COX-2 was positively detected
at frequencies of 87%, 85% and 75% in IDC, DCIS and normal

epithelium respectively.

Figure 1. (A) Invasive ductal carcinoma (IDC) showing score 3

cyclooxygenase-2 (COX-2) expression. (B) IDC showing score 3 HER-2

expression.
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HER-2 expression

HER-2 was analyzed by means of immunohistochemistry in
one hundred cases. Membrane staining of +2 intensity was
detected in seven cases, and these were subjected to FISH
analysis for HER-2 gene amplification. None of the seven
tumors with +2 membrane staining showed chromosomal
HER-2 amplification. Membrane staining of +3 intensity was
detected in IDC and DCIS at a frequency of 34% for both, and
no staining was found in the sampled areas of normal epithe-
lium. Thus, 34% of the tumors were considered to be HER-2
positive, both in IDC and in DCIS.

Correlation between COX-2 and HER-2 expression

COX-2 expression in DCIS correlated with high HER-2 expres-
sion in IDC (P = 0.049) and DCIS (P = 0.049). COX-2 expres-
sion in normal epithelium correlated with high HER-2 in IDC
(P =0.046) and DCIS (P = 0.046). Elevated COX-2 expression in
IDC was not associated with HER-2 expression in IDC, DCIS or
normal epithelium (P = 0.235) (Table 1).

Comparison of high levels of COX-2 expression and high
levels of HER-2 expression in DCIS, according to different
nuclear grades and the presence of comedonecrosis, showed
that there was statistically significant expression between the
two proteins with regard to nuclear grades II and III and the
presence of comedonecrosis (P < 0.001). When focusing on
IDC, we found significantly positive expression with nuclear
grades II and IIT and histological grade II between COX-2 and
HER-2 (P < 0.001).

We found in tumors of sizes less than or equal to 2 cm that
COX-2 expression significantly correlated with HER-2 in IDC,
DCIS and normal epithelium (P < 0.03). In tumors larger than 2

cm, there was also significantly higher expression of COX-2 and

HER-2 in IDC, DCIS and normal epithelium (P < 0.001) (Table 2
and Table 3).

In spite of age, for patients aged 50 years or over, COX-2
and HER-2 expression was statistically significant in IDC,
DCIS and normal epithelium (P < 0.001). In patients less than
50 years of age, again, COX-2 and HER-2 expression was sta-
tistically significant in IDC and DCIS (P = 0.005), and in nor-
mal epithelium (P < 0.001) (Table 4 and Table 5).

DISCUSSION

Research studies examining the tumor microenvironment are
providing information on the molecular mechanisms behind
the role played by inflammation in initiating or promoting a
wide range of cancers. This has important implications for pre-
vention, monitoring and treatment. In this manner, the enzyme
COX-2 is emerging as an important biological marker, among
other agents.**

The exact mechanisms through which COX-2 is upregu-
lated in breast cancer are not completely understood yet, but
one possible explanation is that the expression of this enzyme in
breast cancer cells is more active than in normal tissue because
of intrinsic mechanisms. Such mechanisms would include the
association between COX-2 expression and HER-2.!® The acti-
vation of the HER-2/HER-3 pathways in colon cancer cell lines
can induce COX-2 mRNA and protein as well as prostaglandin
E, (PGE,) biosynthesis.*®

Recent studies exploring the relationship between tumor
progression and nuclear factor-kappaB (NFkB) activation
have brought an important molecular link between tumor pro-
gression and inflammation. In some tumors, contrary to what
happens in normal tissues, NFkB activation due to inflam-

27-29

mation renders cells resistant to apoptosis,”’* which can at

Table 1. Association of expression of human epidermal growth factor receptor type 2 (HER-2) and cyclooxygenase-2 (COX-2) in
non-neoplastic ducts, ductal carcinoma in situ (DCIS) and invasive ductal carcinoma (IDC) of the same breast and statistical analysis
by the Spearman correlation (R)

Histological tissue Statistical analysis HER-2 IDC HER-2 DCIS HER-2 normal epithelium
Correlation coefficient 0.177 0.177 -
COX-21IDC Significant (P) 0.235 0.235 -
n 100 100 100
Correlation coefficient 0.289 0.289 =
COX-2 DCIS Significant (P) 0.049 0.049 =
n 100 100 100
Correlation coefficient 0.293 0.293 -
:g):;‘ze::;‘ma' Significant (P) 0.046 0.046 .
n 100 100 100
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Table 2. Expression of cyclooxygenase-2 and human epidermal growth factor receptor type 2 (HER-2) in 100 cases in tumors of sizes less
than or equal to 2 cm and statistical analysis using the chi-square test

Invasive ductal carcinoma

Positive 23 92% 8 33.33%

0.003
Negative 2 8% 17 66.67%
N 25 100% 25 100%
Ductal carcinoma in situ
Positive 23 92% 8 33.33%

0.003
Negative 2 8% 17 66.67%
N 25 100% 25 100%
Normal epithelium
Positive 21 84% 0 0.00%

<0.001

Negative 4 16% 25 100%
N 25 100% 25 100%

Table 3. Expression of cyclooxygenase-2 (COX-2) and human epidermal growth factor receptor type 2 (HER-2) in 100 cases, in tumors
larger than 2 cm and statistical analysis using the chi-square test

Invasive ductal carcinoma

Positive 66 88% 26 34.66%
<0.001
Negative 9 12% 49 65.33%
N 75 100% 35 100%
Ductal carcinoma in situ
Positive 65 86.66% 26 34.66%
<0.001
Negative 10 13.33% 49 65.33%
N 75 100% 75 100%
Normal epithelium
Positive 56 75.66% 0 0.00%
<0.001
Negative 19 25.33% 75 100%
N 75 100% 75 100%

least partially be reverted through the use of COX inhibitors.
Studies have shown that it is even possible to revert tamox-
ifen resistance in specific breast cancer cells through the use of
NFkB inhibitors,” and to observe a direct correlation between
NFkB activity and HER-2/neu expression, thereby suggesting
a possible role for COX activity in tumor progression.?®

In breast cancer cases, the constitutive activity of NFKB causes

losses in estrogen receptor and resistance antibody-based therapies,

through signaling events downstream of HER-2. One of the key tar-
gets of NFkB is inducible cyclooxygenase, i.e. the enzyme respon-
sible for the conversion of arachidonic acid to PGE,. Conjugated
linoleic acid in cell cultures has been shown to inhibit HER-2 and
COX-2 protein expression, and it has been found that reduction of
HER-2 correlated with a reduction in PGE, synthesis.*®

Dillon et al. studied a microarray comprising tumors from

560 patients, with analysis on HER-2 and COX-2 expression.

Sao Paulo Med J. 2011; 129(6):371-9 375



ORIGINAL ARTICLE | Lucarelli AP, Martins MM, Montor W, Oliveira V, Galvao MAL, Piato S

Table 4. Expression of cyclooxygenase-2 (COX-2) and human epidermal growth factor receptor type 2 (HER-2) in 100 patients aged 50
years or over and statistical analysis using the chi-square test

Invasive ductal carcinoma

Positive 58 90.66%
Negative 6 9.44%

N 64 100%

Ductal carcinoma in situ

Positive 55 85.99%
Negative 9 14.07%
N 64 100%

Normal epithelium

Positive 49 76.56%
Negative 15 23.43%
N 64 100%

21 32.81%
<0.001
43 67.18%
64 100%
21 32.81%
<0.001
43 67.18%
64 100%
0 0.00%
<0.001
64 100%
64 100%

Table 5. Expression of cyclooxygenase-2 (COX-2) and human epidermal growth factor receptor type 2 (HER-2) in 100 patients less than
50 years of age and statistical analysis using the chi-square test

Invasive ductal carcinoma

Positive 30 83.33%
Negative 6 16.66%
N 36 100%
Ductal carcinoma in situ

Positive 30 83.33%
Negative 6 16.66%
N 36 100%
Normal epithelium

Positive 25 69.44%
Negative 11 30.55%
N 36 100%

13 36.11%
0.005
23 63.88%
36 100%
13 36.11%
0.005
23 63.88%
36 100%
0 0.00%
<0.001
367 100%
36 100%

The expression of the markers examined was analyzed in rela-
tion to classic clinicopathological parameters, in the presence
and absence of tamoxifen. HER-2 and COX-2 were both found
to be predictive of poor disease-free survival in patients on endo-
crine treatment. Positive COX-2 status among the patients was
found to be predictive of adverse effects from tamoxifen. These
clinical ex vivo data are consistent with molecular observa-

tions that HER-2 can regulate COX-2 expression through direct

transcriptional mechanisms. COX-2 expression correlates with
disease progression on endocrine treatment. This study supports
arole for COX-2 as a predictor of adverse effects from tamoxifen
in breast cancer patients.>!

Other authors studied tissue samples from 64 women with
breast cancer to examine the levels of transcripts of COX-2 and
12-lipoxygenase and to compare between the expressions of the

two enzymes. They found that 41% of the cases examined exhibited
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overexpression of HER-2 and 61.5% of them showed overexpres-
sion of COX-2; while in HER-2 negative cases, COX-2 overex-
pression was detected in 36.8% of them. However, the statisti-
cal analysis came close to a significant relationship (P = 0.0747)
between COX-2 expression and HER-2 patient status. For 12-li-
poxygenase, 38% cancer specimens showed overexpression. For-
ty-one percent of the cases examined exhibited overexpression of
HER-2 and 61.5% of them showed overexpression of 12-lipoxyge-
nase; while in HER-2 negative cases, 12-lipoxygenase overexpres-
sion was detected in 63.2% of them. However, the statistical anal-
ysis did not show any significant relationship (P = 1.0) between
12-lipoxygenase expression and HER-2 patient status.*”

COX-2 was expressed positively in IDC and DCIS in 87
(87%) and 85 (85%) of the cases respectively, similarly to other
reports.??**% The data of the present study showed that the COX-2
expression in DCIS and in IDC was frequently higher. Boland
et al.** observed that when the two types of tumor component
(IDC and DCIS) were present in the same surgical specimen, the
rate of positivity in the invasive component was greater than that
observed in breast tumors that only showed invasive cancer. The
expression of COX-2 in the in situ component possibly upregu-
lates the presence of the enzyme in the invasive carcinoma, since
its levels are usually higher in DCIS. In studies on normal epithe-
lium adjacent to breast cancer, Half et al.** and Shim et al.** found
positive COX-2 expression in 81% and 85% of the cases, respec-
tively, and our result of 75% is in agreement with their data. It
appears, therefore, that the presence of COX-2 in normal epithe-
lium must play a preponderant role in the paracrine regulatory
mechanisms of this enzyme in breast cancer, thus showing a pos-
sible role for local inflammation in tumor progression.

COX-2 expression in DCIS correlated with tumor aggressive-
ness, since the expression level was found to be higher in nuclear
grade III tumors and in those presenting comedonecrosis. With
regard to IDC, COX-2 expression was also higher in nuclear
grade III tumors. Our data corroborate the findings reported by
other authors.?»*

In parallel, we studied HER-2 and found that 34% of the IDC
and DCIS cases were positive for this protein. Our results are
concordant with a variety of findings described for other inva-
sive carcinomas.?**

We observed that when there were two tumor components
(DCIS and IDC) in the same paraffin block, the rate of positivity
for HER-2 seemed to be the same for the two regions (34% and
34%). As expected, analysis on normal epithelium did not show
HER-2 expression through immunohistochemical staining.

We found that HER-2 in DCIS had greater expression in
nuclear grade III tumors and in those presenting comedonecrosis.
Moreover, HER-2 expression in IDC was statistically significant
in relation to nuclear grade III and histological grade. Also with

regard to IDC, COX-2 expression was higher in nuclear grade III

tumors. Our results suggest that these were situations of tumor
aggressiveness, since the expression level for HER-2 was higher.
Similar data have also been described by other authors.!»!>!41°

Comparison of high levels of COX-2 expression and high lev-
els of HER-2 expression in DCIS, according to different nuclear
grades and the presence of comedonecrosis, showed that there
was statistically significant expression between the two proteins
with regard to nuclear grades IT and IIT and the presence of come-
donecrosis (P < 0.001). When focusing on IDC, we found signifi-
cantly positive expression with nuclear grades II and III and his-
tological grade II between COX-2 and HER-2 (P < 0.001).

We found in tumors of sizes less than or equal to 2 cm that
COX-2 expression significantly correlated with HER-2 in IDC,
DCIS and normal epithelium (P < 0.03). In tumors larger than
2 cm, there was also significantly higher expression of COX-2
and HER-2 in IDC, DCIS and normal epithelium (P < 0.001).

In spite of age, for patients aged 50 years or over, COX-2 and
HER-2 expression was statistically significant in IDC, DCIS
and normal epithelium (P < 0.001). In patients less than 50 years
of age, again, COX-2 and HER-2 expression was statistically sig-
nificant in IDC and DCIS (P = 0.005), and in normal epithelium
(P <0.001).

Several studies have addressed the expression of HER-2
and COX-2 in breast cancer. The exact molecular mechanism
behind the coexpression of these two proteins is not com-
pletely understood yet, although some insights exist.?*"
We compared the expression of COX-2 and HER-2 in breast
cancers by means of immunohistochemistry and FISH. Our
observations indicate that there is a highly significant correla-
tion between COX-2 expression and HER-2 expression, both
in IDC and in DCIS. In addition, we studied the expression of
this protein in non-neoplastic ducts (normal epithelium) and
we did not obtain any statistical correlation between COX-2
and HER-2 expression.

We hypothesize that higher COX-2 expression correlates with
higher HER-2 expression. This hypothesis is consistent with the
findings from this study. Our results are in agreement with those
obtained by Boland et al.,* Perrone et al.,” Subbaramaiah et al.,'®
Benoit et al.,”” Cho et al.,*® Dillon et al.*! and Mohamed et al.*

One current point of discussion is that effects linked with
the expression level of this protein, such as nuclear grade, his-
tological grade, presence of comedonecrosis, tumor size and age
at the time of diagnosis are also due to independent mechanisms
for COX-2 and HER-2. In our study, high levels of COX-2 pro-
tein were reported more frequently in breast cancer cases with
overexpressed of HER-2 when DCIS and IDC were both pres-
ent in the same breast. The fact that our analysis was performed
in simultaneous tumors might account for the higher levels of
expression found; consequently, a direct relationship between
COX-2 and HER-2 might be more readily observed. In addition,
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the level of HER-2 expression may correlate with activity lev-
els and the ability to induce COX-2.2' The mechanisms through
which COX-2 and HER-2 expression is upregulated in these pro-
cesses are unclear, and many pathways and factors are known to

be involved in carcinogenesis.

CONCLUSIONS

From analysis of our results, we could confirm that there is a pos-
itive correlation between COX-2 and HER-2 in DCIS and IDC.
Breast cancer cases with high levels COX-2 expression showed
the presence of HER-2 expression in DCIS and CDI and these

two enzymes did not show expression in normal ephitelium.
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