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Abstract. The objective of this study was to evaluate the 
correlation between cyclooxygenase-2 (COX-2) and markers 
of cell proliferation and apoptosis, including, Bcl-2, Bax, 
Ki-67 and the type I insulin-like growth factor (IGF) receptor 
(IGF1-R) in ductal carcinoma in situ (DCIS) and infiltrating 
ductal carcinoma (IDC), present in the same surgical specimen. 
A total of 110 cases were evaluated using tissue microarrays. 
Cases were classified in scores from 0 to 3 according to pre-
defined methods. The results showed that the positivity rates 
were COX-2 in 87% of cases in DCIS and IDC; Bcl-2 in 55% 
of cases in DCIS and IDC; Bax in 23% of cases in IDC and 
19% in DCIS, IGF-1 in 24% of cases in DCIS and IDC; and 
Ki-67 in 81% of cases in DCIS and IDC. We also observed 
a positive correlation between the expression of COX-2 and 
IGF1-R (p=0.045). Our results demonstrate a positive correla-
tion between the expression of COX-2 and IGF1-R in DCIS 
and IDC, demonstrating that they are involved in breast cancer 
carcinogenesis. Further studies are required to prove the 
effectiveness of COX-2 and IGF1-R inhibitors for the preven-
tion and treatment of breast cancer, as well as to explain their 
mechanism of action.

Introduction

Primary prevention of breast cancer is a necessity. Previous 
studies have demonstrated the effectiveness of drugs, such 
as selective estrogen receptor modulators (SERMs) and 
aromatase inhibitors (AIs) for the chemoprevention of breast 
cancer (1-4).

The utilization of SERMs is known to be effective in 
reducing the risk of breast cancer. Moreover, recent studies 
using AIs suggest that these drugs may be considerably more 
effective than SERMs in post-menopausal women. These agents 
are useful in cases of breast tumors that are hormone receptor 
(HR)-positive, since in negative cases no benefit is observed (5).

Li and Brown performed a study in transgenic mice that 
developed estrogen receptor (ER)-negative breast cancer, 
demonstrating that rexinoids (retinoid analogs), tyrosine kinase 
and cyclooxygenase-2 (COX-2) inhibitors have chemopreven-
tive properties for these specific tumors (5).

Cyclooxygenase is an enzyme that catalyzes the conver-
sion of arachidonic acid into prostaglandins (PGs) and is 
expressed as two isoenzymes: COX-1 and COX-2. The first 
is constitutive and mediates normal physiological functions, 
while the second is undetectable in most normal tissues 
but is induced by cytokines, growth factors, oncogenes and 
tumor promoters, thus contributing to the synthesis of PGs in 
inflammatory diseases and tumor tissues (6,7).

In breast cancer, COX-2 plays several roles, among 
which is the inhibition of apoptosis through the synthesis of 
PGE2, leading to the increased expression of anti-apoptotic 
protein B-cell lymphoma/leukemia-2 (Bcl-2) and decreased 
pro-apoptotic B-cell lymphoma 2-associated X protein (Bax), 
as well as the promotion of neoangiogenesis (8). Apoptosis is 
dependent on the balance between the anti-apoptotic protein 
Bcl-2 and the pro-apoptotic proteins Bax and Bak. In breast 
cancer, Bax plays a key role as a facilitator of apoptosis, a 
function that ensures the balance against the main anti-
apoptotic member of this family, Bcl-2 (9).

Certain investigators have studied the correlation between 
the expression of COX-2 and the proteins Bcl-2 and Bax. 
Singh et al (10) observed that in MCF-7 breast cancer cell 
cultures overexpressing COX-2, high levels of Bcl-2 are also 
found and that these cells behave like more aggressive tumors. 
Zhu et al (11) analyzed the effects of the non-selective COX-2 
inhibitor Aspisol® (a salicylic acid derivative) on breast cancer 
cells in vitro and in vivo, observing that the antitumor effect 
of Aspisol on breast cancer cells is possibly mediated by the 
induction of apoptosis, and may be correlated with the down-
regulation of COX-2 or Bcl-2 expression and the upregulation 
of caspase-3 or Bax.
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COX-2 positively correlates with the cell proliferation 
marker Ki-67. Ristimäki et al (12) analyzed the expression of 
COX-2 in 1,576 infiltrating ductal carcinoma (IDC) cases and 
found that in instances of COX-2 overexpression (37.4% of 
cases) rates were high for Ki-67 (p<0.0001), indicating a more 
aggressive tumor. In another study, Boland et al (13) observed 
that in ductal carcinoma in situ (DCIS), which exhibited 
high levels of Ki-67, COX-2 expression was also positively  
correlated in 79% of cases.

The type I insulin-like growth factor (IGF) receptor 
(IGF1-R) is considered to be a crucial prognostic factor in 
breast cancer as it is expressed in most breast cancer epithelial 
cells and is essential for the malignant phenotype (14,15). 
Using cell culture assays, Levitt et al (16) found a positive 
correlation between COX-2 and IGF1-R, and that the use 
of celecoxib (a selective COX-2 inhibitor) determines a 
decreased expression of COX-2 and the subsequent down-
regulation of IGF1-R, resulting in decreased cell proliferation. 
Põld et al (17) studied lung cancer cell cultures and observed 
that cells that overexpress COX-2 exhibit an increase in anti-
apoptotic and mitogenic signals induced by IGF-1.

Given the scarcity of studies evaluating the interaction 
between COX-2 and the proliferation markers IGF1-R and 
Ki-67, and the apoptosis markers Bcl-2 and Bax, the aim of this 
study was to evaluate the correlation between these proteins in 
DCIS and IDC in order to obtain information that may assist in 
the prevention and treatment of breast carcinoma.

Materials and methods

Patients. We selected 110 patients (age range, 26-90) surgi-
cally treated for breast cancer from the Mastology Clinics of 
the Department of Obstetrics and Gynecology of the Santa 
Casa Hospital, Brazil, between August 2002 and January 2008. 
Only the patients with IDC and DCIS in the same surgical 
specimen were selected for our study. The study was approved 
by the ethics committee of the hospital and informed consent 
was obtained from the patients who participated.

Histopathology and tissue microarray immunohistochemistry. 
Following the study of macroscopic specimens, selected 
fragments were dehydrated in ethanol, cleared by xylene and 
embedded in paraffin to create the blocks. The blocks were cut 
using a microtome calibrated for 4-mm cuts. The histological 
sections were stained with hematoxylin and eosin (H&E) and 
were read using a light microscope.

The DCIS cases were classified according to the presence 
or absence of comedonecrosis in comedocarcinomas and 
non-comedocarcinomas. The criteria proposed by Dabbs (18) 
and Elston and Ellis (19) were used for the classification of 
DCIS and IDC using the nuclear and histological grades, 
respectively.

The cases with IDC and adjacent DCIS were selected for 
the preparation of the tissue microarray. Two regions from each 
histological type were selected for composing the microarray; 
thus, each case was represented by four areas, two from DCIS 
and two from IDC from the same patient, comprising a total of 
440 regions for analysis.

In the immunohistochemistry analysis we evaluated the 
expression of COX-2, Bcl-2, Bax, Ki-67 and IGF1-R using 

specific antibodies that were detected using the chromogenic 
substrate, diaminobenzidine. The sections were counter-
stained with Harris hematoxylin, followed by dehydration and 
mounting in Entellan with cover slips. The primary antibodies 
used in immunohistochemistry reactions were: COX-2 clone 
CX-294 (Dako; Glostrup, Denmark), Bcl-2 clone 124 (Dako), 
Bax clone 43-61 (Dako), Ki-67 clone MIB-1 (Dako) and 
IGF1-R clone 24-31 DBS® (Pleasanton, CA, USA) at dilutions 
of 1/80, 1/2000, 1/3000, 1/80 and 1/80, respectively.

Evaluation of the expression of COX-2, Bcl-2, Bax, Ki-67 
and IGF1-R. The expression of COX-2, Bcl-2, Bax, Ki-67 
and IGF1-R were evaluated by scores from two independent 
examiners.

We used the same criteria employed by Ristimäki et al (12) 
for the analysis of COX-2: score 0, no stained cells observed; 
score 1, cytoplasm and cell membrane stained diffusely and 
weakly (at least 10% of stained cells with strong intensity); 
score 2, cytoplasmic granular staining of the cell membrane 
and moderate to strong staining in 10-90% of cells; score 3, 
>90% of cells stained with strong intensity.

To classify the immunohistochemical expression of Bcl-2, 
Bax, IGF1-R and Ki-67 we used the same criteria for deter-
mining the score of the HER-2 according to the HercepTest® 
(Dako) (20): score 0, no staining observed or membrane 
staining observed in <10% of the tumor cells; score 1, a faint/
barely perceptible membrane staining in >10% of tumor cells 
and the cells exhibit incomplete membrane staining; score 2, 
a weak to moderate complete staining observed in >10% of 
tumor cells; score 3, a strong complete membrane staining 
observed in >10% of tumor cells.

We used the same criteria as those used by Ristimäki 
et al (12), Boland et al (13), Shim et al (21) and Oliveira 
et al (22) to classify the immunohistochemical expression as 
positive or negative, 0 and 1 were regarded as negative and  
2 or 3 as positive.

Statistical analysis. The correlation between COX-2, Bcl-2, 
Bax, IGF1-R and Ki-67 was assessed according to the 
Spearman's correlation. The Chi-square test was used to 
analyze nuclear grade, histological grade, age group, tumor 
size, lymph node status and hormonal status. We set 5% as the 
rejection level for the null hypothesis for all the parameters 
we evaluated (23). The data were evaluated using the statis-
tical program SPSS® (Statistical Package for Social Sciences) 
version 14.0 for Microsoft Windows.

Results

Patient characteristics. The aim of the present study was to 
evaluate the correlation between COX-2, IGF1-R, Ki-67, 
Bcl-2 and Bax levels in DCIS and IDC, present in the same 
surgical specimen. In addition, we observed whether there was 
any correlation between the expression of these biomarkers 
and age (younger or older than 50 years), tumor size (≤2 cm 
or >2 cm), histological grade, nuclear grade, axillary lymph 
node status and hormonal status. The ages of the patients at 
diagnosis ranged from 26 to 90 years old, with a mean age of 
56.4 years, a standard deviation of 12.81 and median age of 
55 years.
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Evaluation of COX-2 expression. A total of 110 cases were 
evaluated by immunohistochemistry and the scores were 
defined from 0 to 3, according to the intensity and number of 
stained cells. The COX-2-positive expression was similar in 
DCIS and IDC in 87% of cases, demonstrating a high correla-
tion (p<0.001). No statistically significant difference was found 
when we analyzed the expression of COX-2 with histological 
grade, nuclear grade, age, axillary lymph node status and 
hormonal status.

Immunoreactivity to Bcl-2, Bax, Ki-67 and IGF1-R. Bcl-2 was 
positive in 55% of the cases in IDC and DCIS; Bax in 23% 
of cases in IDC and 19% of cases in DCIS; IGF-1 in 24% of 
cases in IDC and DCIS and Ki-67 in 81% of cases in IDC and 
DCIS. Results of the statistical analyses of these data showed 
a statistically significant correlation between their expression 
in IDC and DCIS (p<0.001). As in the analysis of COX-2, 
no statistically significant difference was observed when we 
analyzed the expression of these biomarkers with histological 
grade, nuclear grade, age, axillary lymph node status and 
hormonal status (Table I).

Correlation between the expression of COX-2, IGF1-R, Ki-67, 
Bcl-2 and Bax. The expression of COX-2 in IDC and DCIS was 
positively correlated with the expression of IGF1-R (p=0.045; 
Fig. 1). We also found a negative correlation between the 
expression of Ki-67 and IGF1-R in IDC and DCIS (p=0.013). 
No statistically significant difference was observed when we 
analyzed the expression of COX-2, Bcl-2, Bax, Ki-67 and 

IGF1-R with histological grade, nuclear grade, age, axillary 
lymph node status and hormonal status (Tables II and III).

Discussion

The overexpression of the COX-2 enzyme in breast tumors is a 
significant biological marker. Its expression has been reported 
in numerous studies aimed at demonstrating its role in the 
carcinogenesis and natural history of breast cancer through 
mechanisms involving cytokines, growth factors, apoptotic 
agents and tumor promoters (21,24,25). Epidemiological studies 
have suggested that non-steroidal anti-inflammatory drugs 
confer a moderate degree of benefit against breast cancer (26).

In the present study, we found COX-2 (as detected by 
immunohistochemistry) in 87% of the cases of IDC and DCIS 
evaluated. Similar results were found by Davies et al (27), who 
observed COX-2 expression in 79% of the 80 cases of IDC, 
and Shim et al (21), who found COX-2 in IDC and DCIS in 
81.6% of the 38 cases they studied. Conversely, Half et al (28) 
found the presence of COX-2 in 43% of 42 cases of pure IDC 
evaluated. Similar numbers were observed by Ristimäki 
et al (12) who analyzed 1,576 cases of IDC, and found COX-2 
expression in 39.9% of cases.

Oliveira et al (22) analyzed the expression of COX-2 in 
IDC, DCIS and normal epithelium and correlated these levels 
with nuclear grade, histological grade and the presence of 
comedonecrosis. These results are similar to those found in 
the present study, demonstrating positive results for COX-2 
in 87% of cases of IDC, 85% of cases of DCIS and 74.5% 

Table I. Expression of biomarkers according to scores.

Scores COX-2 (%) Bcl-2 (%) Bax (%) Ki-67 (%) IGF1-R (%)
 -------------------------------- ------------------------------- ------------------------------- ------------------------------- --------------------------------
 IDC DCIS IDC DCIS IDC DCIS IDC DCIS IDC DCIS

1 12.7 12.7 45.5 45.5 77.3 80.9 19.1 19.1 76.4 76.4
2 38.2 38.2 36.4 36.4 18.2 15.5   70   70   20   20
3 49.1 49.1 18.2 18.2 4.5 3.6 10.9 10.9 3.6 3.6

IDC, invasive ductal carcinoma; DCIS, ductal carcinoma in situ.

Figure 1. IDC showing score 3 (A) COX-2 and (B) IGF1-R expression. IDC, invasive ductal carcinoma; IGF1-R, type I insulin-like growth factor receptor; 
COX-2, cyclooxygenase-2.
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of normal control patients. These data demonstrated a high 
correlation between the expression of COX-2 in IDC, DCIS 
and normal epithelium (p<0.001).

In the analysis of COX-2 expression in DCIS we found a 
positivity rate of 87%. This rate is similar to that found by 
other authors. Shim et al (21) analyzed 46 cases of pure DCIS, 
and observed a positivity rate of of 85%. Shim et al (21), Half 
et al (28), Tan et al (29), Boland et al (13) and Perrone et al (30), 
found positivity rates of 63, 67, 80, 76 and 88%, respectively. 
This finding demonstrates homogeneity in the expression of 
COX-2 in DCIS, which is not observed in invasive disease.

The mechanisms by which COX-2 is upregulated in breast 
cancer are unknown, but one possibility is that tumor cells 
express a more active enzyme owing to intrinsic mechanisms. 
The inactivation of tumor suppressor genes, such as p53, and the 

activation of proto-oncogenes, including Ras and HER-2/neu  
are involved in these mechanisms (12,31,32).

Recent studies indicate that anti-inflammatory drugs may 
inhibit cell proliferation and induce apoptosis in tumor cells. 
In an experimental study, Wang et al (33) examined how 
celecoxib, a COX-2 inhibitor, is associated with the NF-κB 
pathway and apoptosis in breast cancer cell cultures treated 
with celecoxib. As a result, they deduced that cell proliferation 
was significantly decreased (p<0.05) in the celecoxib-treated 
group when compared with the control group, who received 
no medication, leading to the conclusion that celecoxib may 
inhibit cell proliferation and induce apoptosis through down-
regulation of COX-2 and NF-κB.

We showed that in the presence of two tumor components 
in the same surgical specimen (IDC and DCIS), the rate of posi-

Table II. Correlation between the expression of COX-2, Bcl-2, Bax, IGF-1 and Ki-67 in IDC in 110 cases.

Variant Statistic COX-2 Bcl-2 Bax IGF1-R Ki-67

COX-2 Correlation 1 0.138 0.113 0.191a 0.029
 Significance (p) - 0.152 0.241 0.045 0.766
Bcl-2 Correlation 0.138 1 -0.036 0.065 0.007
 Significance (p) 0.152 - 0.712 0.497 0.940
Bax Correlation 0.113 -0.036 1 -0.055 -0.019
 Significance (p) 0.241 0.712 - 0.570 0.847
IGF1-R Correlation 0.191a 0.065 -0.055 1 -0.236a

 Significance (p) 0.045 0.497 0.570 - 0.013
Ki-67 Correlation 0.029 0.007 -0.019 -0.236a 1
 Significance (p) 0.766 0.940 0.847 0.013 -

Spearman's correlation showing statistically significant correlations between COX-2 expressed in IDC, with IGF1-R expressed in IDC and 
DCIS. aP<0.05 denotes statistically significant differences. IDC, invasive ductal carcinoma; DCIS, ductal carcinoma in situ; IGF1-R, type I 
insulin-like growth factor receptor.

Table III. Correlation between the expression of COX-2, Bcl-2, Bax, IGF-1 and Ki-67 in DCIS in 110 cases.

Variant Statistic COX-2 Bcl-2 Bax IGF1-R Ki-67

COX-2 Correlation 1 0.138 0.113 0.191a 0.029
 Significance (p) - 0.152 0.172 0.045 0.766
Bcl-2 Correlation 0.138 1 0.039 0.065 0.007
 Significance (p) 0.152 - 0.688 0.497 0.940
Bax Correlation 0.113 0.039 1 -0.018 0.124
 Significance (p) 0.172 0.688 - 0.221 0.198
IGF1-R Correlation 0.191a 0.065 -0.018 1 -0.236a

 Significance (p) 0.045 0.497 0.221 - 0.013
Ki-67 Correlation 0.029 0.007 0.124 -0.236a 1
 Significance (p) 0.766 0.940 0.198 0.013 -

Spearman's correlation showing statistically significant correlations between COX-2 expressed in DCIS, with IGF1-R expressed in IDC and 
DCIS. aP<0.05 denotes statistically significant differences. IDC, invasive ductal carcinoma; DCIS, ductal carcinoma in situ; IGF1-R, type I 
insulin-like growth factor receptor.
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tivity in IDC and DCIS was similar, probably as a result of the 
paracrine action of one component over the other. Our findings 
denote a positive correlation between the expression of COX-2 
in DCIS and IDC. It appears that the expression of COX-2 in 
the in situ component upregulates the enzyme in the infiltrating 
carcinoma, since its levels are generally higher in DCIS.

A comparison of the expression of COX-2 according to 
tumor size did not yield statistically significant differences 
between the two groups, data consistent with the findings 
obtained by Half et al (28). However, these data are not 
equivalent to those obtained by Ristimäki et al (12) and Shim 
et al (21), who found a greater expression directly proportional 
to tumor size. These results may be explained by the specific 
analysis of invasive tumors by these authors, as in our study and 
that carried out by Half et al (28), where samples containing 
DCIS and IDC in the same specimen were evaluated.

Evaluation of COX-2 expression according to the patients' 
age showed no difference between the groups. These data were 
similar to those obtained by Ristimäki et al (12).

An analysis of the correlation between the expression 
of COX-2 and axillary lymph node status did not yield any 
difference between the lymph node groups of patients with 
COX-2 expression, these data being consistent with the 
results obtained by Shim et al (21). Li et al (34) analyzed the 
correlation between the expression of COX-2 and lymph node 
metastases and found a higher rate of axillary lymph nodes in 
the group of patients with overexpressed COX-2 (p=0.012). 
This difference in results may be explained by the small 
number of COX-2-negative patients in our study.

When we compared the expression of COX-2 with HR, no 
significant difference between the two groups was observed, 
which was similar to the findings by Half et al (28) and 
Shim et al (21).

An analysis of the expression of Bcl-2 and Bax revealed 
that Bcl-2 was positive in 55% of cases for IDC and DCIS, 
while Bax was present in 23% of IDC and 19% of DCIS cases. 
Our rate of positivity in DCI for Bcl-2 was similar to that found 
by Yang et al (35) who observed 48% of cases overexpressing 
Bcl-2, but differs from the Bax analysis where the results 
showed 54% of cases with positivity. We observed a statisti-
cally significant correlation between the expression of Bcl-2 
in DCIS and IDC, and the same was noted for Bax (p<0.001). 
These data differ from those found by Mintz et al (36), who 
observed a higher expression of Bcl-2 in DCIS than in IDC.

The balance between the expression of the anti-apoptotic 
Bcl-2 and pro-apoptotic Bax gene is considered a good indicator 
of apoptotic activity in tumor cells. Martínez-Arribas et al (37) 
studied the apoptosis associated with the two proteins in 86 
specimens of breast tumors, where 14 patients had received 
neoadjuvant chemotherapy. Their results revealed that Bcl-2 
overexpression correlated with the presence of estrogen and 
progesterone receptors in cases without previous treatment, 
and high rates of apoptosis were significantly correlated with 
the expression of the progesterone receptor (p=0.037). Our 
results found no correlation between the expression of Bcl-2 
and Bax and the hormonal receptors.

There was also no correlation between the expression 
of COX-2 and Bcl-2 and Bax, which is similar to findings 
described by Arun et al (38). In their study on the apoptosis 
induction in human breast cancer cells, Michael et al (39) 

found an association between a high expression of COX-2 and 
a low expression of Bcl-2.

In the analysis of Bax we found 23% positivity for IDC and 
19% for DCIS, which is a significant correlation (p<0.001). 
We found no correlation between the expression of Bcl-2 and 
the expression of Bax, which differs from results reported by 
Martínez-Arribas et al (37), who found a statistically signifi-
cant association between the two proteins (p=0.0063).

We observed a high expression of Ki-67 (81%) for IDC 
and DCIS (p=0.001). This positivity correlation is consistent 
with the results reported by Hoque et al (40), who concluded 
that there is no increased expression of Ki-67 in IDC asso-
ciated with DCIS. However, Mylonas et al (41) reported a 
higher expression of Ki-67 in IDC (p=0.05) than in DCIS and 
attributed this finding to the evidence that DCIS has a lower 
potential for malignancy than IDC.

We found no correlation between the expression of 
Ki-67 and COX-2, which is not consistent with the study by  
Boland et al, who found a positive association between the 
group with high positivity for Ki-67 and COX-2 (p<0.001) for 
IDC and DCIS, respectively (13).

We observed a positive correlation between the expres-
sion of Ki-67 and hormonal status (p<0.01) in DCIS and 
IDC. These data are consistent with the findings of Faratian 
et al (42); however, Boland et al (13) observed the opposite, 
showing that cases with a high Ki-67 expression positively 
correlated with negative HR (p=0.003).

Our analysis of the expression of IGF1-R yielded 24% 
positivity for IDC and DCIS (p<0.001). When analyzing the 
expression of IGF1-R in positive HR cases we observed a 
decrease in IGF1-R expression to 20% in ER-positive and 19% 
in PR-positive cases. As in our study, Shimizu et al (43) found no 
correlation between the overexpression of IGF1-R and the vari-
ables of age, axillary lymph node status, histological grade and 
hormonal status, concluding that its prognostic value is limited.

IGF1-R is a transmembrane tyrosine kinase involved in 
breast cancer proliferation, survival and metastasis (44). The 
activities of IGF-1 and 2 are tightly regulated by a network 
of binding proteins and targeted degradation mechanisms. 
This complex regulatory system is disrupted in breast cancer, 
leading to excess IGF1-R signaling (45).

In the present study, when we compared the expression of 
IGF1-R with hormonal status, the correlation was negative, 
although data from the literature does not show the association 
between IGF1-R and HR. Shimizu et al (43) and Law et al (46) 
found no association between the overexpression of IGF1-R 
and ER/PR.

When we compared COX-2 and IGF1-R expression we found 
a statistically significant correlation (p<0.05). This finding is 
consistent with that of Henriksen et al (47), who, by using the 
semi-quantitative method as recommended by the HercepTest 
(quantifying their results in scores 0, 1, 2 and 3), found a posi-
tive correlation between COX-2 and IGF1-R (p<0.01).

Põld et al (17) reported that high systemic levels of IGF-1 
and the correlation with the insulin-like growth factor-binding 
protein 3 (IGFBP-3) has emerged as a potential risk marker for 
tumors with COX-2 overexpression.

There is a hypothesis that COX-2 increases the viability 
and proliferation of tumor cells that express IGF being accom-
panied by the processes of facilitating auto-phosphorylation 
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of IGF1-R and a decreased expression of IGFBP-3. All these 
actions may be interpreted as amplifiers of the mitogenic 
process and as crucial for maintaining the activity of cellular 
immortality determined by IGF-1 and IGF-2, being consistent, 
thus explaining the link between COX-2 and IGF1-R (17).

Due to the interrelation between COX-2 and IGF1-R by the 
mechanisms described previously, the use of a combination 
therapy with COX-2 and tyrosine kinase inhibitors correlated 
with IGF1-R may be promising (17).

Several experimental and epidemiological studies have 
demonstrated the role of COX-2 inhibitors in the prevention 
of breast carcinoma. In a study that examined the growth 
inhibition of breast cancer epithelial cells treated with the 
COX-2 inhibitor, celecoxib, Levitt and Pollak (48) observed 
that following application of this drug, the induction of apop-
tosis occurred in these cells as well as a decrease in IGF-1, 
concluding that these two biomarkers are closely related and 
may assist in the prevention and treatment of breast cancer.

The development of effective medications that modulate 
the carcinogenesis of breast tumors is crucial for the prevention 
and treatment of breast cancer. Recent data suggest that the 
use of tyrosine kinase, HER-2 and IGF1-R inhibitors is a good 
strategy for the treatment of breast cancer (49). New studies 
suggest that the use of metformin inhibits tumor growth in cells 
in vitro. In an experimental study, Zakikhani et al (50) found 
that metformin is capable of inducing apoptosis and inhibiting 
cellular proliferation in breast cancer cells. There are few 
population studies concerning this drug. Jiralerspong et al (51) 
evaluated patients who underwent neoadjuvant chemotherapy 
and who used metformin, and observed a better response when 
compared with the group that did not use metformin, demon-
strating the antitumor effect of this drug.

There is currently a lack of studies involving COX-2 
inhibitors and drugs that inhibit activation of IGF1-R. Our 
results have demonstrated the interrelation between COX-2 
and IGF1-R. However, further studies are required to confirm 
the effectiveness and elucidation of the mechanisms and path-
ways involved in the use of COX-2 inhibitors, in combination 
with metformin and IGF1-R inhibitors, in order that they may 
be used in the prevention and treatment of breast cancer.
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