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Expression of COX-2, p16, and Ki67 in the range from normal breast tissue to 
breast cancer 
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The increasing number of diagnosed breast lesions lead to the critical need for new markers that would elucidate the 
process of tumorigenesis. The objective of the study was to examine COX-2, p16, and Ki67 expression in a broad spectrum of 
breast lesions in order to define the proteins’ phenotype throughout the tumorigenesis. Expression was studied by immuno-
histochemistry in 308 human breast samples divided into 7 subgroups - flat epithelial atypia (FEA), atypical hyperplasia 
(ADH), intraductal carcinoma (DCIS), invasive cancer (IC), benign lesions (BLs), normal tissue adjacent to breast cancer 
(CANT), and fatty tissue (FT). Analysis among 4 subgroups - premalignant lesions (DIN), IC, BLs, and normal tissue was also 
performed. High prevalence of COX-2 overexpression was found in all breast lesions including BLs (70% FEA, 89% ADH, 
86% DCIS, 81% IC, 44% CANT, 92% BLs, 29% FT). Significant dominance of p16 overexpression was found in premalignant 
lesions and BLs (50% FEA, 67% ADH, 50% DCIS, 37% IC, 8% CANT, 58% BLs, 21% FT). The location of staining within p16+ 
cells differed - BLs showed nuclear positivity, whereas in IC it was exclusively cytoplasmic. Premalignant lesions showed all 
types of p16 positivity. Significantly higher prevalence of COX-2+p16+Ki67+ phenotype was in premalignant tumors with 
the highest prevalence in ADH (40% of FEA, 67% ADH, 35% DCIS, 20% IC, 3% CANT, 20% BLs, 14% FT). Our observations 
showed a high prevalence of COX-2+p16+Ki67+ phenotype in premalignant lesions. Further studies are needed in order to 
elucidate if this phenotype reflects any specific pathway of future progression of premalignant breast lesions. 
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Advances in breast cancer diagnosis are accompanied by 
an increasing spectrum of breast diagnoses with different 
prognosis. Early prediction of further biologic behavior of 
many of the lesions is still not possible. In many cases, the 
effort to ensure the local control of the disease leads to a 
significant “overtreatment”. There is, therefore, a critical 
call for reliable markers that would help to understand the 
process beyond the breast cancer formation.

Various models of carcinogenesis have been proposed 
considering it is a complex event. Rising evidence points out 
to the process designated as “inflammogenesis of cancer” as 
a general model of carcinogenesis where COX-2 aberrant 
production and associated prostaglandin cascade seem to 
play a significant role [1–5].

The association between COX-2 overexpression, cancer 
progression, and metastasis process has been described 
by many studies [6, 7] as well as its association with poor 
prognosis and recurrence risk in ductal carcinoma in situ 
(DCIS) [8–12]. The exact role of COX-2 driven mechanisms 

in tumorigenesis has been studied in experimental studies 
[13, 14].

The inducible COX-2 enzyme controls much more than 
solely the inflammatory reaction. It modulates various 
molecular events necessary for homeostatic physiology 
(blood vessels constriction, cell division, apoptosis, and many 
others). Its overexpression with consecutive PGE2 synthesis 
leads to all important steps in cancer progression such as 
angiogenesis, metastasis, apoptosis, immunosuppression, 
and more [5]. Thus, the association between COX-2 expres-
sion and cancer formation through all breast cancer stages 
including different premalignant lesions was described [15, 
16] and selective COX-2 inhibitors were shown to reduce the 
risk of breast cancer and precancerous lesions [17]. However, 
it is still not enough for the stratification of patients with 
breast lesions and therapy selection.

One of the important studies analyzing different 
biomarkers and breast cancer progression identified another 
considerable prognostic marker – p16. The p16 protein is 
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an inhibitor of the cyclin-dependent kinase that blocks the 
G1/S phase of the cell cycle. Downregulation of the p16 
protein has been reported in many malignancies [18]. On 
the contrary, it was found that the overexpression of p16 in 
patients with high proliferative activity might indicate that 
p16 is inactive or not sufficient to limit cell growth in breast 
carcinomas [19].

In the study of Kerlikowske et al. [12], the overexpres-
sion of p16 was the only individual marker associated 
significantly with invasive recurrence after DCIS treated by 
lumpectomy. In the analysis of a combination of markers, 
the COX-2+p16+Ki67+ phenotype correlated with the “risk” 
subgroup of DCIS with subsequent invasive recurrence. Ki67 
as a proliferative marker provided the stratification of the 
“risky” p16+ phenotype. The mechanism of these proteins’ 
overexpression in carcinogenesis is explained in detail by 
Gauthier [13] and is related to an abrogated reaction to 
cellular stress. The number of studies supporting the evidence 
of COX-2 or p16 role in carcinogenesis is rising; however, 
their results are often controversial, some of them devoted to 
invasive cancer, some to premalignant lesions.

In our study, we decided to map the expression of COX-2, 
p16, and Ki67 (individually and in combination) in different 
breast tissues and breast lesions in order to define their 
phenotype throughout tumorigenesis.

This is the first study analyzing the three biomarkers in 
such a broad spectrum of breast lesions and normal tissue, 
namely flat epithelial atypia, atypical ductal hyperplasia, 
in situ carcinoma, invasive breast cancer, benign lesions 
(adenosis, fibrocystic breast changes), normal tissue adjacent 
to breast cancer, and breast fatty tissue. 

Another objective of the study was a possible association 
of these proteins’ expression in different breast lesions in 
correlation to patients’ age. It is known that the prevalence of 
aggressive types of breast cancer is higher in younger patients 
(<40 years) [20, 21]. Therefore, we analyzed the expression 
of COX-2, p16, and Ki67 in the subsets of tumors according 
to age. 

Materials and methods

Sample characterization. Commercially available 
tissue microarrays (TMAs) with different breast lesions 
were purchased and used for the immunohistochemical 
staining: TMA BB08015 (US Biomax Inc.) with 42 samples 
of breast ductal intraepithelial lesions and 6 cases of breast 
invasive ductal carcinoma, TMA BR8011 with 50 samples 
of intraductal carcinoma, 4 samples of lobular carcinoma 
in situ and 26 samples of normal adjacent tissue to breast 
intraductal carcinoma (US Biomax Inc.), TMA BC08118 
(US Biomax Inc.) with 90 cases of breast invasive cancer 
(85 cases of ductal invasive carcinoma, 5 cases of lobular 
invasive cancer), 10 samples of matched normal adjacent 
tissue, TMA BR806 (US Biomax Inc.) with 80 cases of breast 
hyperplasia (67 cases of adenosis, 4 samples of cystic hyper-

plasia, 9 cases of fibrofatty tissue). Each analyzed TMA 
core included a representative part of the definite diagnosis 
defined after the whole lesion had been examined. One core 
represented one single lesion. Overall, 308 samples were 
examined including the following sample types (“sample 
type 1”): 10 cases of flat epithelial atypia (FEA), 9 cases 
of atypical ductal hyperplasia (ADH), 72 cases of in situ 
carcinomas (DCIS), 96 invasive carcinomas (IC) – 91 of 
ductal invasive cancer, 5 lobular invasive cancer, 36 cases 
of cancer adjacent normal tissue (CANT) – 26 adjacent to 
DCIS 10 to IC, 71 cases of benign lesions (BLs) – 66 cases of 
adenosis, 4 samples of cystic hyperplasia, 1 case of lobular 
hyperplasia and 14 samples of fibrofatty tissue (FT). Due 
to a lower number of some sample counts, we also used 
a different classification of the samples (“sample type 2”) 
with 294 samples in the following subgroups: premalignant 
lesions (91 cases including FEA, ADH, and DCIS samples), 
invasive cancer (96 cases), cancer adjacent normal tissue 
(36 cases), and benign lesions (71 samples). The sample 
types used for analysis with the exact overall numbers are 
shown in Table 1. Clinicopathological data were included in 
the identification sheets of the TMAs, however, data such as 
a tumor grade or TNM stage were available only for a subset 

Table 1. Sample classification according to the sample type and patients’ 
age.

Sample type 1 Total 
number

Age  
<40 years

Age  
≥40 years

Total number 308 78 230
Flat epithelial atypia 10 4 6
Atypical ductal hyperplasia 9 3 6
In situ carcinoma
Ductal carcinoma in situ
Lobular carcinoma in situ

72
69
3

18
18
0

54
51
3

Invasive carcinoma
Ductal invasive carcinoma
Lobular invasive carcinoma

96
91
5

19
17
2

77
74
3

Cancer adjacent normal tissue
DCIS adjacent normal tissue
IDC adjacent normal tissue

36
26
10

12
8
4

24
18
6

Benign lesions
Adenosis
Cystic hyperplasia
Lobular hyperplasia

71
66
4
1

17
17
0
0

54
49
4
1

Fibrofatty tissue
Fibrofatty tissue (breast hyperplasia)
Fibrofatty tissue (DCIS)
Fibrofatty tissue (LCIS)

14
9
4
1

5
4
1
0

9
5
3
1

Sample type 2
Total number 294
Premalignant lesions 91 25 66
Invasive cancer 96 19 77
Cancer adjacent normal tissue 36 12 24
Benign lesions 71 17 54
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of samples and were therefore not included in the primary 
analysis. All tissue was collected under the highest ethical 
standards with the donor being informed completely and 
with their written consent.

Immunohistochemistry. For COX-2 staining, first, the 
activity of endogenous peroxidase was blocked by the incuba-
tion in methanol/H2O2 for 15 minutes followed by rinsing the 
section with tap water. The antigen was retrieved by heating 
the sections for 30 min in the Trilogy Buffer (Cell Marque 
No. 920P-04) with distilled water (dilution 1:20). After PBS 
washing and protein block (1.5% Dako Goat Serum), slides 
were incubated overnight with the ready-to-use primary 
rabbit anti-COX2 antibody (SP21 Cell Marque Cat. No. 
240R-17) at 4 °C. After washing in PBS, the secondary 
antibody (Bright Vision Poly-HRP-anti-rabbit, Immuno-
Logic-Duiven, Netherlands) was applied for 30 min at room 
temperature. Slides were washed in PBS and incubated in 
diaminobenzidine (Sigma, D5905) for 10 minutes. After 
washing them in distilled water, they were counterstained 
with hematoxylin.

For p16 staining, the antigen was retrieved by incuba-
tion in Cell Conditioning Solution CC1 (Ventana, cat. No. 
950-124) for 30 min. After washing in PBS and protein block 
(1.5% goat serum), primary ready-to-use antibody Clin Tec 
mouse monoclonal – anti-p16 (Ventana, cat. No. 805-4713) 
was applied for overnight incubation at 4 °C. After washing 
with PBS, the secondary antibody (Bright Vision Poly-
HRP-anti-rabbit, ImmunoLogic-Duiven, Netherlands) was 
applied for 30 minutes. The same procedure was carried out 
for Ki67 staining using the ready-to-use monoclonal rabbit 
anti-Ki67 antibody (Clone 30-9, Ventana, cat. No. 750-4286). 
The specificity of the antibodies used has been shown before 
[22–27]. Negative controls were incubated with PBS instead 
of the primary antibody.

Evaluation of immunostaining. Staining intensity, 
cellular localization (cytoplasmic, membranous, nuclear, or 
diffuse), and a number of positive cells were included in the 
expression assessment.

COX-2 staining was evaluated on a scale 0–3 using the 
condensed Allred score (as in Kerlikowske trial [12]) based 
upon the sum of the proportion and intensity score according 
to the following criteria: Proportion score: 0 = no positive 
cells; 1 = <1%; 2 = 1–10%; 3 = 10–33%; 4 = 33–66%; 5 = 
>66%, intensity score: 0 = none; 1 = weak; 2 = intermediate; 3 
= strong. Allred score: 0 = 0; Allred 1 = 2, 3, 4; Allred 2 = 5, 6; 
Allred 3 = 7, 8. Exemplary assessment of staining intensity of 
COX-2 immunohistochemistry is shown in Figure 1.

p16 staining was analyzed according to the estimated 
number of immunopositive cells while the staining of any 
intensity was evaluated as positive. The following scale was 
used for p16 evaluation: 0 = no staining; 1 = <25% positive 
cells; 2 = 25–75% positive cells; 3 = 75–100% positive cells. 

For COX-2 and p16 staining, samples with overall score 
2 and more were considered to overexpress the analyzed 
proteins.

For Ki67 expression, the sample was evaluated to show a 
high expression of Ki67 (later only “overexpression”) if more 
than 10% of sample cells were stained regardless of staining 
intensity, the same as in the study of Kerlikowske et al. [12].

Statistical analysis. The IBM SPSS Statistics was used 
for statistical analysis. Contingency tables and two-sided 
Fisher’s exact test were used for the analysis of the interrela-
tions between the variables with a significant p-value <0.05. 
The null hypothesis testing equal distribution of the protein 
overexpression between the subgroups is significant if the 
absolute adjusted residual is greater than 1.96 (p-value <0.05). 
We also used R software for contingency tables 2×2. Fisher’s 
exact test was used to compare two particular groups with a 
significant level of 0.05. The null hypothesis where the odds 
ratio (OR) is equal to one was tested. This analysis provided 
p-value, OR, and the confidence interval for the OR.

Results

When analyzing the COX-2 expression, the staining was 
positive in the cytoplasm and membrane of the cells (Figure 1). 
In the analysis of the 7 breast lesion types (“sample type 1”) – 
FEA, ADH, DCIS, IC, CANT, BLs, and FT, the distribution of 
COX-2 overexpression differed significantly from expected 
values. From the overall number of 308 samples, COX-2 was 
overexpressed in 70% of FEA samples (7/10), 89% of ADH 
(8/9), 86% of DCIS (62/72), 81% of IC (78/96), 44% of CANT 
(16/36), 92% of BLs (65/71), and 29% of FT (4/14) (Figure 2). 
Detailed analysis with ARs and p-values for each group can 
be seen in Supplementary Table S1.

p16 staining was found either in the cytoplasm, nucleus, 
or both cytoplasm and nucleus of the cells. Most of the BLs 
and CANT showed nuclear positivity. IC samples showed 
exclusively cytoplasmic positivity, and all types of positivity 
were found within FEA, ADH, and DCIS samples. Examples 
of p16 staining with different staining locations can be seen 
in Figure 3. Analysis of p16 overexpression also showed a 
statistically significant difference between the subgroups 
(Supplementary Table S1). p16 was overexpressed in 50% of 
FEA (5/5), 67% of ADH (6/9), 50% of DCIS (36/72), 37% of 
IC (35/96), 8% of CANT (3/36), 58% of BLs (41/71), and 21% 
of FT (3/14) (Figure 2).

Ki67 showed positive nuclear staining. Overexpression 
also differed significantly as seen in Supplementary Table S1; 
Ki67 was overexpressed in 80% of FEA (8/10), 89% of 
ADH (8/9), 51% of DCIS (37/72), 37% of IC (35/96), 3% of 
CANT (1/36), 27% of BLs (19/71), and in 21% of FT (3/14) 
(Figure 2).

The phenotype with overexpression of all three proteins 
(COX-2+p16+Ki67+) was found in 40% of FEA (4/10), 67% 
of ADH (6/9), 35% of DCIS (25/72), 20% of IC (19/96), 3% 
of CANT (1/36), 20% of BLs (14/71), and 14% of FT (2/14) 
(Figure 2). The statistical analysis defined significant differences 
of the COX-2+p16+Ki67+ overexpression distribution due 
to ADH, DCIS, and CANT values (Supplementary Table S1). 
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(77/91), 81% of IC  (78/96), 44% of CANT, and 92% of BLs 
(65/71). p16 was overexpressed in 52% of premalignant 
lesions (47/91), 37% of IC (35/96), 8% of CANT (3/36), and 
58% of BLs (41/71). For Ki67, the results were as follows: 

In the second analysis of the four groups (“sample type 
2”) – premalignant lesions, invasive carcinoma (IC), cancer 
adjacent normal tissue (CANT), and benign lesions (BLs) – 
COX-2 was overexpressed in 85% of premalignant lesions 

Figure 1. COX-2 immunohistochemistry, in all samples the cytoplasmic positivity can be seen. Scale bar 60 µm. A) Intensity score 1 (human DCIS), 
proportion score 4, Allred 2; B) Intensity score 2 (human DCIS), proportion score 5, Allred 3; C) Intensity score 3 (human DCIS), proportion score 
5, Allred 3

Figure 2. Distribution of COX-2 (A), p16 (B), and Ki67 (C) overexpression in different human breast tumors and normal breast tissue shown in per-
centual levels (“sample type 1”); D) Combination of COX-2, p16, and Ki67 overexpression. Data obtained from the analysis of interrelations between 
the variables using Fisher’s exact test with a significant p-value <0.05. The p-values from the comparison of the two specific subgroups are given in 
Supplementary Table S3. Abbreviations: AR – adjusted ratio; FEA – flat epithelial atypia; ADH – atypical ductal hyperplasia; DCIS – ductal carcinoma 
in situ; IC – invasive breast cancer; CANT – cancer adjacent normal tissue; BLs – benign lesions; FT – fibrofatty tissue
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overexpression was found in 58% of premalignant lesions 
(53/91), 37% of IC (35/96), 3% CANT (1/36), and 27% of 
BLs (19/1). All three proteins (COX-2+p16+Ki67+) were 
overexpressed in 39% of premalignant lesions (35/91), 20% 
of IC (19/96), 3% of CANT (1/36), and 20% of BLs (14/71). 
The distribution of the protein overexpression in partic-
ular subgroups can be seen in Figure 4. Detailed statistical 
analysis with ARs and p-values for each group can be seen in 
Supplementary Table S2.

In order to see if there are significant differences between 
particular lesion groups, we performed a comparison using 
the 2×2 contingency table and found that overexpression of 
both COX-2 and p16 was significantly higher in premalig-
nant tumors, invasive cancer, and benign tumors in compar-
ison to CANT; p16 was also overexpressed significantly 
more often in BLs in comparison to IC. Interestingly, all 
three proteins were overexpressed with significantly higher 
frequency in premalignant lesions in comparison to all 

other groups (IC, CANT, and BLs); also, BLs showed signifi-
cant overexpression of COX-2, p16, Ki67 in comparison to 
CANT. When this comparison was performed between each 
group from “sample type 1” analysis, ADH and DCIS showed 
a significantly higher presence of COX-2+p16+Ki67+ 
phenotype in comparison to IC, and ADH overexpressed 
COX-2+p16+Ki67+ phenotype significantly more often also 
than BLs. For exact data and p-values of the analysis using the 
2×2 contingency table see Supplementary Table S3 (“sample 
type 1”) and Supplementary Table S4 (“sample type 2”).

When comparing the COX-2 overexpression between 
younger patients (<40 years) and patients ≥40 years in 
different sample types, within the FEA group COX-2 was 
overexpressed in 50% in the younger group and in 83% of 
older women. In ADH, younger groups overexpressed COX-2 
in 100% versus 83% in the ≥40 group, in DCIS 83% versus 
87%, in IC 68% versus 84%. In CANT it was 25% versus 54%, 
BLs presented also with similar overexpression rates between 

Figure 3. p16 immunohistochemical detection at a different cell site. Scale bar 60 µm. A) Nuclear positivity – usual hyperplasia of the human breast, 
score 2; B) Cytoplasmic positivity – human invasive breast cancer, score 3; C) Nuclear and cytoplasmic positivity – atypical ductal hyperplasia of the 
human breast, score 2; D) Nuclear positivity – atypical ductal hyperplasia of the human breast, score 1.
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the two age groups – 94% versus 91% and fatty tissue showed 
COX-2 overexpression in 20% of younger patients and 33% 
in the older ones.

As for p16, the overexpression in the analyzed lesion 
groups was almost the same in both age subgroups: for FEA 
50% in both subgroups (<40 years and ≥40 years), for ADH 
67% and 65%, respectively, for DCIS 50% in both subgroups, 
IDC 32% versus 38%, CANT 8% and 9%, respectively, BLs 
53% versus 60% and for fatty tissue the overexpression was 
20% and 22%, respectively.

Ki67 was overexpressed in FEA with 50% frequency 
within <40 years group and 100% in ≥40 years group. ADH 
group showed overexpression in 100% of <40 years and 83% 
of ≥40 years. For DCIS, the overexpression was 44% in <40 
years and 54% in ≥40 years. Frequency in the IDC group was 
similar between the age groups – 32% and 38%, respectively. 
In the CANT group 8% of <40 years patients overexpressed 
Ki67, and none of the older patients overexpressed Ki67 in 
CANT. Benign lesions showed 35% of Ki67 overexpression 
within the younger group and 24% in the group ≥40 years. 
Overexpression in fatty tissue was similar – 20% in the 
younger group and 22% in older patients.

As for the phenotype COX-2+, p16+, Ki67+, the expres-
sion between the age groups was the following: FEA 53% in 
<40 years, 33% in ≥40 years, ADH the same expression. 67% 
for both age subgroups, DCIS 39% in <40 years, 33% in ≥40 
years, IDC 16% in <40 years, 21% in ≥40 years. For CANT 
overexpression of all three proteins was 8% in the younger 
group and none in the older one, BLs 30% versus 17%, and 
fatty tissue 20% in younger and 11% in older patients.

Discussion

Our study showed several interesting findings. We 
observed high COX-2 expression in almost all breast 
lesions – particularly ADH, DCIS, but also in benign lesions 
(Figure  2). In contrast to other studies, we also observed 
a high expression rate of COX-2 in IDC (81%) (Figure 2). 
Spizzo et al. [28] refer COX-2 overexpression in 48% of IDC 
samples, Ristimäki et al. [16] showed 38% of breast cancer 
to overexpress COX-2 and commented that COX-2 is exclu-
sively a feature of the malignant but not benign epithelium of 
the breast. Davies et al. [29] observed COX-2 expression in 
80% of invasive breast tumors, whereas 54% showed strong 
positivity. On the other hand, Nassar et al. [30] described that 
95% of breast cancer showed cytoplasmic COX-2 expression, 
which depended on the tumor size and grade.

The studies of a COX-2 role in breast cancer are rather 
controversial, and their data concerning COX-2 expression 
are various, from which emerges that COX-2 expression 
should be formulated with caution and in a wider context. 
Fornetti et al. [31] pointed out various differential baseline 
levels of COX-2 expression in premenopausal women, 
which can be influenced by ovarian hormones. Data from 
his cohort show that as many as 30% of young women have 

a high baseline of the COX-2 expression [31]. They found 
that COX-2 expression in the normal breast epithelium 
paralleled COX-2 expression in DCIS and IDC (matched in 
the same patients) and thus physiologic regulators of COX-2 
expression in normal tissue also influence DCIS and IDC 
COX-2 levels.

Our study revealed COX-2 overexpression also in benign 
breast lesions. Other studies showing that COX-2 overex-
pression is not solely the feature of the malignant events 
have been published. Decker et al. [32] published the first 
study to show that aberrant COX-2 expression also contrib-
utes to the development of fibrocystic changes. In the study 
in mice, aberrant COX-2 overexpression caused cystic 
duct dilatation, adenosis, and fibrosis, whereas carcinomas 
developed rarely. Strong COX-2 expression was observed 
in fibrocystic changes also when compared to low expres-
sion in normal breast epithelium [32]. This is in parallel 
to the results of our study in human breast cancer where 
the COX-2 overexpression was observed in a significant 
proportion of benign tumors (adenosis, cystic hyperplasia, 
and lobular hyperplasia).

Our finding of the COX-2 expression in a subset of normal 
breast tissue may be explained by the study of normal human 
mammary epithelial cells (hMECs), cells obtained from 

Figure 4. Distribution of COX-2 (A), p16 (B), and Ki67 (C) overexpres-
sion in different human breast tumors and normal breast tissue, percen-
tual levels (“sample type 2”); D) Combination of COX-2, p16, and Ki67 
overexpression. Data obtained from the analysis of interrelations be-
tween the variables using Fisher’ exact test with significant p-value <0.05. 
The p-values from the comparison of the two specific subgroups are given 
in Supplementary Table S4. Abbreviations: AR – adjusted ratio; DIN – 
ductal intraepithelial neoplasia (refers to “premalignant lesions” in the 
text); IC – invasive breast cancer; CANT – cancer adjacent normal tissue; 
BLs – benign lesions.
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reduction mammoplasty [14]. It was found that within these 
cells, a population of cells emerges that continue to proliferate 
further in in vitro conditions in comparison to the others 
and the cells divide into “preselection” and “postselection” 
cells. The postselection cells were identified as the poten-
tial to acquire a phenotype associated with malignant cells. 
Crawford et al. [14] carried out microarray analysis of prese-
lection and postselection cells and identified a COX-2 gene 
as one of the genes that were overexpressed in postselection 
cells. The authors showed that postselection cells have the 
more angiogenic and invasive capability as compared with 
preselection cells and thus concluded that COX-2 expression 
may provide susceptibility to transformation. However, Zhao 
et al. [33] found that hMECs express similar levels of COX-2 
in both preselection and postselection stages. Zhao et al. 
believe the discrepancy of the results with that of Crawford 
et al. [14] may come from the different culture conditions.

Another studied protein was p16. The p16INK4a is a 
tumor suppressor gene, which blocks the G1/S phase of 
the cell cycle, resulting in a G1 arrest. Induction of the cell 
senescence is one of the well-known barriers to carcino-
genesis [13], and thus, p16 has been an important target 
in studies concerning carcinogenesis. Based on this fact, 
one would expect that tumors overexpressing p16 would 
be less likely to proceed into an invasive lesion. However, 
studies on p16 expression in breast cancer [12, 13] revealed 
that p16 might belong to two opposing phenotypes. It may 
either work as described above and lead to a prolifera-
tive arrest or, in case of abrogation of p16 signaling, thus 
a  compromised Rb signaling will lead to overexpression 
of p16 in cells, which continue to proliferate and bypass 
the senescence [13]. This was confirmed in DCIS studies, 
where p16+Ki67+ phenotype defined DCIS tumors, which 
developed subsequent tumors, and of these tumors, most 
were invasive [13]. Gauthier et al. [14] found that high p16 
expression in abrogated p16 signaling was also accompa-
nied by COX-2 overexpression. One of the largest studies 
of multiple markers associated with recurrence after DCIS 
was performed by Kerlikowske et al. [12]. In a cohort of 329 
DCIS cases treated by lumpectomy alone, Kerlikowske et al. 
[12] identified a combination of markers that were predic-
tive of invasive recurrence after DCIS. The risk of subse-
quent invasive cancer was statistically significantly higher 
for women with initial DCIS lesions that were p16, COX-2, 
and Ki67 triple positive (p16+COX-2+Ki67+). A follow-
up analysis of the study of Kerlikowske et al. [34] with an 
additional 5 years of outcome data and 442 new cases added 
found that p16 positivity was associated with both local and 
regional/metastatic invasive recurrence.

Based on the data from the study of Kerlikowske et al. 
[12], our previous study [35] analyzed COX-2, p16, and 
Ki67 expression in in situ lesions within tumors of a different 
stage of invasiveness: pure DCIS, microinvasive carcinoma, 
and invasive ductal carcinoma (IDC) with extensive in situ 
component (EIC). The results did not find significant differ-

ences of the expression levels among the tumors, however, 
we observed a correlation of the p16+ and p16+COX-2+ 
phenotypes with the severity of the diagnosis. The highest 
number of p16/p16 and COX-2 overexpressing cells was in 
EIC within the IDC group, the lowest in pure DCIS. When 
analyzing the distribution of p16 expression score of the 
immunohistochemistry evaluation system, score 1 was the 
only variable that differed significantly among the tumors 
(the highest in DCIS < microinvasive tumor < IDC with 
EIC). There was no difference in Ki67 expression in relation 
to the tumor type. Despite the limitation of the study coming 
from a small number of samples, we supposed the data might 
indicate an association of p16 and COX-2 in combination 
with p16 with the surrounding tissue, which may determine 
the biological behavior of in situ lesions in the future [35]. 
When comparing the abundance of p16 overexpression 
with our current study, we found a higher number of DCIS 
tumors overexpressing p16 in the current study (36/72; 50%) 
in comparison to the previous data (4/15; 26.7%) and also 
a higher proportion of COX-2 overexpressing cells in DCIS 
(86%; 62/72 versus 24%; 6/15 in the previous study). The 
differences may be explained by a small number of samples 
in the previous study, different staining specificity/sensi-
tivity, or possible different proportion of high-grade DCIS/
its molecular subtypes. We did not compare other data from 
our studies due to the different nature of the sample types 
and because of the fact that expression patterns were studied 
solely in the in situ parts in the first study.

The relation between the molecular subtypes and COX-2, 
p16, and Ki67 expression described Perez et al. [36], who 
evaluated COX-2, p16, and Ki67 in a subset of high-
grade DCIS-in pure DCIS and DCIS associated with IDC. 
The study did not observe a significant difference in the 
frequency of the biomarkers between these subgroups, but 
the analysis among different molecular subtypes showed that 
basal phenotype was associated with higher frequency of p16 
positivity (83%) and also co-expression of COX-2, p16, and 
Ki67 occurred with a higher frequency in basal phenotype 
(33.3%) in comparison to luminal A (1.4%) [36].

Interesting work has been performed by Di Vinci et 
al. [37] and her group analyzing the methylation and p16 
expression of the p16 gene in benign (fibroadenoma) and 
malignant tumors (invasive) and in normal adjacent tissue. 
While hypermethylation of the p16INK4a promoter was 
common and occurred with similar frequency in all types 
of samples, p16 overexpression was higher in breast carci-
noma than in fibroadenoma or normal tissue. Moreover, 
protein sequestration in a subset of fibroadenomas with high 
p16 expression was solely in the nucleus while cytoplasmic 
sequestration was found to be a feature of breast carcinoma. 
Their results also suggest that p16 protein loss of function 
may occur by cytoplasmic sequestration rather than by 
mutational or transcriptional inactivation and points to the 
sense of immunohistochemical analysis of the p16 protein as 
a marker of carcinogenesis.
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When analyzing the p16 positivity in our study, benign 
lesions such as breast hyperplasia or adenosis showed a 
relatively high proportion of p16+ cells, but generally, the 
cells showed the lower intensity of p16 staining and the 
positivity was nuclear (Figure 3). Invasive cancer was charac-
terized by cytoplasmic staining, and premalignant lesions 
showed all types of positivity – cytoplasmic, nuclear, or both 
nuclear and cytoplasmic (Figure 3).

Di Vinci et al. [37] also commented on the various data 
from p16 studies since the immunoreactivity of p16 proteins 
has been reported to be variable according to different 
anti-p16 antibodies. Radisky et al. [38] also alert that p16 
levels have been shown to increase with age in different tissue 
types and that p16 expression is increased in aging tissue. 
However, we did not find any significant difference in p16 
expression depending on age.

In our study, we found a significantly higher expression of 
p16 in premalignant lesions (Figure 4) in comparison to IC 
and normal tissue. Detailed analysis of the p16 overexpres-
sion showed the highest rate of p16 overexpression was in 
the ADH group (Figure 2). It is known that ADH increases 
4–5-fold the risk of developing cancer within 5 years [39]. 
However, the studies related to ADH markers are limited due 
to a small number of available samples and low-resolution 
methodology [40].

There are several limitations of the study. One comes from 
a relatively small number of the samples in some subgroups 
as well as a possible limitation of the specificity of avail-
able antibodies. We could not compare the expression of 
biomarkers in lesion groups in relation to other variables 
such as tumor grade or hormonal status. On the other hand, 
this would even reduce the number of samples in the groups 
and make the results more difficult to interpret. Therefore, 
we decided to analyze the expression of the biomarkers and 
their combinations independent from other variables. The 
COX-2+p16+Ki67+ phenotype was present with significant 
predominance in the premalignant group, particularly ADH, 
in comparison to all other lesions, followed by FEA, DCIS, 
IDC, benign lesions, and CANT.

In conclusion, our study confirmed the overexpression of 
COX-2 in all lesion types throughout tumorigenesis as well 
as in benign lesions confirming the affirmation that it is not 
exclusively a feature of invasive cancer but plays an impor-
tant role in other lesion formation and exists in normal breast 
cells. We found a significant dominance of p16 overexpres-
sion in premalignant lesions, namely ADH. When analyzing 
the staining sequestration, p16 positivity in benign lesions 
was exclusively nuclear, invasive cancer showed cytoplasmic 
positivity, and premalignant lesions showed either nuclear, 
cytoplasmic, or mixed cytoplasmic and nuclear positivity. 
These data point out that also the site of the staining may play 
an important role and should be considered as possibly being 
predictive of future behavior. COX-2+p16+Ki67+ pheno-
type, which was so far identified by Kerlikowske et al. [12] to 
be prognostic for DCIS invasive recurrence, was found with 

high frequency in premalignant lesions, particularly ADH, 
in our study. These observations need to be studied further 
in order to answer the question if this profile reflects some 
specific pathway of possible future progression of premalig-
nant lesions and may be typical to the tissue apt to the trans-
formation changes.

Supplementary information is available in the online version 
of the paper.
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Supplementary Table S1. Analysis of COX-2, p16, Ki67 and COX-2+p16+Ki67+ overexpression in “sample type 1“ groups using Fisher’s Exact Test. 
Sample type 1

Total1 Flat epithelial 
atypia

2 Atypical ductal 
hyperplasia 3 DCIS 4 Invasive 

carcinoma
5 Cancer adjacent 

normal tissue
6 Benign 
lesions

7 Fatty 
tissue

COX-2 0 Count 3 1 10 18 20 6 10 68
% within 
Sample type1

30.0% 11.1% 13.9% 18.8% 55.6% 8.5% 71.4% 22.1%

Adjusted 
Residual

0.6 –0.8 –1.9 –0.9 5.2 –3.2 4.6  

1 Count 7 8 62 78 16 65 4 240
% within 
Sample type1

70.0% 88.9% 86.1% 81.3% 44.4% 91.5% 28.6% 77.9%

Adjusted 
Residual

–0.6 0.8 1.9 0.9 –5.2 3.2 –4.6  

Total Count 10 9 72 96 36 71 14 308
% within 
Sample type1

100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

Fisher’s Exact Test.

a.Based on 10000 sampled tables 
with starting seed 846668601.

  Monte Carlo Sig. (2-sided)        
 

Significance

99% Confidence Interval        
Value Lower 

Bound
Upper 
Bound

       

47.897 <0.001a <0.001 <0.001        

p16 0 Count 5 3 36 61 33 30 11 179
% within 
Sample type1

50.0% 33.3% 50.0% 63.5% 91.7% 42.3% 78.6% 58.1%

Adjusted 
Residual

–0.5 –1.5 –1.6 1.3 4.3 –3.1 1.6  

1 Count 5 6 36 35 3 41 3 129
% within 
Sample type1

50.0% 66.7% 50.0% 36.5% 8.3% 57.7% 21.4% 41.9%

Adjusted 
Residual

0.5 1.5 1.6 –1.3 –4.3 3.1 –1,6  

Total Count 10 9 72 96 36 71 14 308
% within 
Sample type1

100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

Fisher’s Exact Test.

a. Based on 10000 sampled tables 
with starting seed 846668601.

  Monte Carlo Sig. (2-sided)        
 

Significance

99% Confidence Interval        
Value Lower 

Bound
Upper 
Bound

       

34.457 <0.001 a <0.001 <0.001        
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Sample type 1
Total1 Flat epithelial 

atypia
2 Atypical ductal 

hyperplasia 3 DCIS 4 Invasive 
carcinoma

5 Cancer adjacent 
normal tissue

6 Benign 
lesions

7 Fatty 
tissue

Ki67 0 Count 2 1 35 61 35 52 11 197
% within 
Sample type1

20.0% 11.1% 48.6% 63.5% 97.2% 73.2% 78.6% 64,0%

Adjusted 
Residual

–2.9 –3.4 –3.1 –0.1 4.4 1.9 1.2  

1 Count 8 8 37 35 1 19 3 111
% within 
Sample type1

80.0% 88.9% 51.4% 36.5% 2.8% 26.8% 21.4% 36,0%

Adjusted 
Residual

2.9 3.4 3.1 0.1 –4.4 –1.9 –1.2  

Total Count 10 9 72 96 36 71 14 308
% within 
Sample type1

100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

Fisher’s Exact Test.

a.Based on 10000 sampled tables 
with starting seed 846668601.

  Monte Carlo Sig. (2-sided)        
 

Significance

99% Confidence Interval        
Value Lower 

Bound
Upper 
Bound

       

51.220 <0.001a <0.001 <0.001        

COX-
2+p16+Ki67+

0 Count 6 3 47 77 35 57 12 237
% within 
Sample type1

60.0% 33.3% 65.3% 80.2% 97.2% 80.3% 85.7% 76,9%

Adjusted 
Residual

–1.3 –3.2 –2.7 0.9 3.1 0.8 0.8  

1 Count 4 6 25 19 1 14 2 71
% within 
Sample type1

40.0% 66.7% 34.7% 19.8% 2.8% 19.7% 14.3% 23,1%

Adjusted 
Residual

1.3 3.2 2.7 –0.9 –3.1 –0.8 –0.8  

Total Count 10 9 72 96 36 71 14 308
% within 
Sample type1

100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

Fisher’s Exact Test.

a.Based on 10000 sampled tables 
with starting seed 846668601.

  Monte Carlo Sig. (2-sided)        
 

Significance

99% Confidence Interval        
Value Lower 

Bound
Upper 
Bound

       

26.726 <0.001a <0.001 <0.001        

Abbreviations: 0=protein is not overexpressed; 1=protein overexpression

Supplementary Table S1.  Continued ...
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Supplementary Table S2. Analysis of COX-2, p16, Ki67 and COX-2+p16+Ki67+ overexpression in “sample type 2“ groups using Fisher’s Exact Test.

 
Sample type 2

Total1 Premalignant 
lesions

2 Invasive 
carcinomas

3 Cancer adjacent 
normal tissue 4 Benign lesions

COX-2 0 Count 14 18 20 6 58
% within Sample type2 15.4% 18.8% 55.6% 8.5% 19.7%
Adjusted Residual –1.3 –0.3 5.8 –2.7

1 Count 77 78 16 65 236
% within Sample type2 84.6% 81.3% 44.4% 91.5% 80.3%
Adjusted Residual 1.3 0.3 –5.8 2.7

Total Count 91 96 36 71 294
% within Sample type2 100.0% 100.0% 100.0% 100.0% 100.0%

Fisher’s Exact Test

a. Based on 10000 sampled tables with starting seed 846668601.

  Monte Carlo Sig. (2-sided)
 

Significance

99% Confidence Interval
Value Lower Bound Upper Bound

30.177 <0.001a <0.001 <0.001 
p16 0 Count 44 61 33 30 168

% within Sample type2 48.4% 63.5% 91.7% 42.3% 57.1%
Adjusted Residual –2.0 1.5 4.5 –2.9

1 Count 47 35 3 41 126
% within Sample type2 51.6% 36.5% 8.3% 57.7% 42.9%
Adjusted Residual 2.0 –1.5 –4.5 2.9

Total Count 91 96 36 71 294
% within Sample type2 100.0% 100.0% 100.0% 100.0% 100.0%

Fisher’s Exact Test 

a. Based on 10000 sampled tables with starting seed 846668601.

Monte Carlo Sig. (2-sided)

Significance

99% Confidence Interval
Value Lower Bound Upper Bound

31.042 <0.001a <0.001 <0.001 

Ki67 0 Count 38 61 35 52 186
% within Sample type2 41.8% 63.5% 97.2% 73.2% 63,3%
Adjusted Residual –5.1 0.1 4.5 2.0

1 Count 53 35 1 19 108
% within Sample type2 58.2% 36.5% 2.8% 26.8% 36,7%
Adjusted Residual 5.1 –0.1 –4.5 –2.0

Total Count 91 96 36 71 294
% within Sample type2 100.0% 100.0% 100.0% 100.0% 100.0%

Fisher’s Exact Test 

a. Based on 10000 sampled tables with starting seed 846668601.

  Monte Carlo Sig. (2-sided)
 

Significance

99% Confidence Interval
Value Lower Bound Upper Bound

43.283 <0.001a <0.001 <0.001 

COX-
2+p16+Ki67+

0 Count 56 77 35 57 225
% within Sample type2 61.5% 80.2% 97.2% 80.3% 76.5%
Adjusted Residual –4.1 1.0 3.1 0.9  

1 Count 35 19 1 14 69
% within Sample type2 38.5% 19.8% 2.8% 19.7% 23.5%
Adjusted Residual 4.1 –1.0 –3.1 –0.9  

Total Count 91 96 36 71 294
% within Sample type2 100.0% 100.0% 100.0% 100.0% 100.0%

Fisher’s Exact Test 

a. Based on 10000 sampled tables with starting seed 846668601.

  Monte Carlo Sig. (2-sided)

 

Significance

99% Confidence Interval

Value Lower Bound Upper Bound

22.291 <0.001a <0.001 <0.001 

Abbreviations: 0=protein is not overexpressed; 1=protein overexpression
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Supplementary Table S3. Comparison of each two particular subgroups within “sample type 1“ using the Fisher’s exact test with significant level 0.05. 
For significant values was used bold for emphasis. 
COX 2 comparison Odds ratio Lower bound Upper bound p-value
Flat_epithelial_atypia vs. Atypical_ductal_hyperplasia 3.22 0.203 201 0.582
Flat_epithelial_atypia vs. DCIS 2.62 0.375 14.1 0.192
Flat_epithelial_atypia vs. Invasive_carcinoma 1.85 0.281 9.11 0.411
Flat_epithelial_atypia vs. Cancer_adjacent_normal_tissue 0.351 0.0504 1.85 0.284
Flat_epithelial_atypia vs. Benign_leisons 4.51 0.601 27.8 0.077
Flat_epithelial_atypia vs. Fatty tissue 0.186 0.0197 1.33 0.095
Atypical_ductal_hyperplasia vs. DCIS 0.777 0.0159 6.99 1
Atypical_ductal_hyperplasia vs. Invasive_carcinoma 0.544 0.0115 4.52 1
Atypical_ductal_hyperplasia vs. Cancer_adjacent_normal_tissue 0.105 0.00215 0.916 0.026
Atypical_ductal_hyperplasia vs. Benign_leisons 1.35 0.0262 13.7 0.581
Atypical_ductal_hyperplasia vs. Fatty_tissue 0.0585 0.00103 0.657 0.009
DCIS vs. Invasive_carcinoma 0.700 0.268 1.74 0.531
DCIS vs. Cancer_adjacent_normal_tissue 0.132 0.0452 0.362 <0.001
DCIS vs. Benign_leisons 1.74 0.535 6.19 0.427
DCIS vs. Fatty_tissue 0.0678 0.0129 0.288 <0.001
Invasive_carcinoma vs. Cancer_adjacent_normal_tissue 0.189 0.0739 0.461 <0.001
Invasive_carcinoma vs. Benign_leisons 2.50 0.880 8.12 0.075
Invasive_carcinoma vs. Fatty_tissue 0.0951 0.0195 0.375 <0.001
Cancer_adjacent_normal_tissue vs. Benign_leisons 13.1 4.24 46.8 <0.001
Cancer_adjacent_normal_tissue vs. Fatty_tissue 0.508 0.0972 2.19 0.353
Benign_leisons vs. Fatty_tissue 0.040 0.00678 0.185 <0.001
p16 comparison Odds ratio Lower bound Upper bound p-value
Flat_epithelial_atypia vs. Atypical_ductal_hyperplasia 1.93 0.226 19.3 0.650
Flat_epithelial_atypia vs. DCIS 1 0.210 4.76 1
Flat_epithelial_atypia vs. Invasive_carcinoma 0.578 0.123 2.69 0.499
Flat_epithelial_atypia vs. Cancer_adjacent_normal_tissue 0.0984 0.0114 0.677 0.007
Flat_epithelial_atypia vs. Benign_leisons 1.36 0.285 6.49 0.740
Flat_epithelial_atypia vs. Fatty_tissue 0.289 0.0311 2.18 0.204
Atypical_ductal_hyperplasia vs. DCIS 0.504 0.0757 2.58 0.485
Atypical_ductal_hyperplasia vs. Invasive_carcinoma 0.290 0.0443 1.46 0.149
Atypical_ductal_hyperplasia vs. Cancer_adjacent_normal_tissue 0.0514 0.00503 0.373 0.001
Atypical_ductal_hyperplasia vs. Benign_leisons 0.686 0.103 3.53 0.730
Atypical_ductal_hyperplasia vs. Fatty_tissue 0.151 0.0139 1.21 0.077
DCIS vs. Invasive_carcinoma 0.577 0.294 1.12 0.085
DCIS vs. Cancer_adjacent_normal_tissue 0.0927 0.0167 0.337 <0.001
DCIS vs. Benign_leisons 1.36 0.671 2.79 0.403
DCIS vs. Fatty_tissue 0.278 0.0458 1.17 0.078
Invasive_carcinoma vs. Cancer_adjacent_normal_tissue 0.160 0.0293 0.569 0.001
Invasive_carcinoma vs. Benign_leisons 2.38 1.21 4.69 0.009
Invasive_carcinoma vs. Fatty_tissue 0.478 0.0803 1.98 0.372
Cancer_adjacent_normal_tissue vs. Benign_leisons 14.7 4.031 81.7 <0.001
Cancer_adjacent_normal_tissue vs. Fatty_tissue 2.92 0.341 25.2 0.331
Benign_leisons vs. Fatty_tissue 0.203 0.0335 0.859 0.018
Ki67 comparison Odds ratio Lower bound Upper bound p-value
Flat_epithelial_atypia vs. Atypical_ductal_hyperplasia 1.93 0.0840 132 1
Flat_epithelial_atypia vs. DCIS 0.268 0.0260 1.47 0.105
Flat_epithelial_atypia vs. Invasive_carcinoma 0.146 0.0143 0.788 0.014
Flat_epithelial_atypia vs. Cancer_adjacent_normal_tissue 0.00960 0.000166 0.113 <0.001
Flat_epithelial_atypia vs. Benign_leisons 0.0945 0.00901 0.530 0.002
Flat_epithelial_atypia vs. Fatty_tissue 0.0791 0.00533 0.668 0.011
Atypical_ductal_hyperplasia vs. DCIS 0.135 0.00290 1.09 0.040
Atypical_ductal_hyperplasia vs. Invasive_carcinoma 0.0733 0.00159 0.585 0.003
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COX 2 comparison Odds ratio Lower bound Upper bound p-value
Atypical_ductal_hyperplasia vs. Cancer_adjacent_normal_tissue 0.00576 0000899E-05 0.0826 <0.001
Atypical_ductal_hyperplasia vs. Benign_leisons 0.0477 0.00102 0.393 0.001
Atypical_ductal_hyperplasia vs. Fatty_tissue 0.0419 0.000715 0.489 0.003
DCIS vs. Invasive_carcinoma 0.545 0.278 1.06 0.066
DCIS vs. Cancer_adjacent_normal_tissue 0.0277 0.000653 0.184 <0.001
DCIS vs. Benign_leisons 0.348 0.161 0.735 0.003
DCIS vs. Fatty_tissue 0.262 0.0433 1.10 0.047
Invasive_carcinoma vs. Cancer_adjacent_normal_tissue 0.0505 0.00119 0.329 <0.001
Invasive_carcinoma vs. Benign_leisons 0.640 0.306 1.305 0.241
Invasive_carcinoma vs. Fatty_tissue 0.478 0.0803 1.98 0.372
Cancer_adjacent_normal_tissue vs. Benign_leisons 12.7 1.83 545 0.003
Cancer_adjacent_normal_tissue vs. Fatty_tissue 9.03 0.652 513 0.061
Benign_leisons vs. Fatty_tissue 0.750 0.121 3.27 1
COX_2_p16_Ki67 comparison Odds ratio Lower bound Upper bound p-value
Flat_epithelial_atypia vs. Atypical_ductal_hyperplasia 2.82 0.336 29.4 0.377
Flat_epithelial_atypia vs. DCIS 0.800 0.171 4.23 0.738
Flat_epithelial_atypia vs. Invasive_carcinoma 0.374 0.0793 1.99 0.220
Flat_epithelial_atypia vs. Cancer_adjacent_normal_tissue 0.0477 0.000855 0.582 0.007
Flat_epithelial_atypia vs. Benign_leisons 0.374 0.0760 2.05 0.218
Flat_epithelial_atypia vs. Fatty_tissue 0.266 0.0189 2.48 0.192
Atypical_ductal_hyperplasia vs. DCIS 0.271 0.0403 1.39 0.080
Atypical_ductal_hyperplasia vs. Invasive_carcinoma 0.128 0.0188 0.657 0.005
Atypical_ductal_hyperplasia vs. Cancer_adjacent_normal_tissue 0.0176 0.000311 0.203 <0.001
Atypical_ductal_hyperplasia vs. Benign_leisons 0.127 0.0183 0.681 0.006
Atypical_ductal_hyperplasia vs. Fatty_tissue 0.0961 0.00626 0.867 0.023
DCIS vs. Invasive_carcinoma 0.466 0.217 0.988 0.034
DCIS vs. Cancer_adjacent_normal_tissue 0.0548 0.00128 0.367 <0.001
DCIS vs. Benign_leisons 0.464 0.199 1.05 0.066
DCIS vs. Fatty_tissue 0.318 0.0320 1.59 0.210
Invasive_carcinoma vs. Cancer_adjacent_normal_tissue 0.118 0.00271 0.796 0.014
Invasive_carcinoma vs. Benign_leisons 0.995 0.423 2.29 1
Invasive_carcinoma vs. Fatty_tissue 0.679 0.0681 3.46 1
Cancer_adjacent_normal_tissue vs. Benign_leisons 8.49 1.19 373 0.019
Cancer_adjacent_normal_tissue vs. Fatty_tissue 5.59 0.269 353 0.187
Benign_leisons vs. Fatty_tissue 0.681 0.0667 3.64 1

Supplementary Table S3. Cotinued ...
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Supplementary Table S4. Comparison of each two particular subgroups within “sample type 2“ using the Fisher’s exact test with significant level 0.05. 
For significant values was used bold for emphasis.
COX 2 comparison Odds ratio Lower bound Upper bound p-value
Premalignant lesions vs. Invasive carcinoma 0.789 0.337 1.81 0.566
Premalignant lesions vs. Cancer_adjacent_normal_tissue 0.148 0.0557 0.379 <0.001
Premalignant lesions vs. Benign_leisons 1.96 0.662 6.60 0.232
Invasive carcinoma vs. Cancer_adjacent_normal_tissue 0.188 0.0739 0.461 <0.001
Invasive carcinoma vs. Benign_leisons 2.49 0.880 8.12 0.075
Cancer_adjacent_normal_tissue vs. Benign_leisons 13.1 4.24 46.8 <0.001
p16 comparison
Premalignant lesions vs. Invasive carcinoma 0.539 0.287 1.0038 0.040
Premalignant lesions vs. Cancer_adjacent_normal_tissue 0.0866 0.0159 0.306 <0.001
Premalignant lesions vs. Benign_leisons 1.28 0.654 2.51 0.525
Invasive carcinoma vs. Cancer_adjacent_normal_tissue 0.160 0.0293 0.569 0.001
Invasive carcinoma vs. Benign_leisons 2.37 1.21 4.69 0.008
Cancer_adjacent_normal_tissue vs. Benign_leisons 14.7 4.03 81.7 <0.001
Ki67 comparison
Premalignant lesions vs. Invasive carcinoma 0.413 0.219 0.772 0.003
Premalignant lesions vs. Cancer_adjacent_normal_tissue 0.0210 0.000501 0.136 <0.001
Premalignant lesions vs. Benign_leisons 0.264 0.126 0.538 <0.001
Invasive carcinoma vs. Cancer_adjacent_normal_tissue 0.0505 0.00119 0.329 <0.001
Invasive carcinoma vs. Benign_leisons 0.639 0.306 1.31 0.241
Cancer_adjacent_normal_tissue vs. Benign_leisons 12.6 1.83 545 0.003
COX_2_p16_Ki67 comparison
Premalignant lesions vs. Invasive carcinoma 0.413 0.219 0.772 0.003
Premalignant lesions vs. Cancer_adjacent_normal_tissue 0.0210 0.000501 0.136 <0.001
Premalignant lesions vs. Benign_leisons 0.264 0.126 0.538 <0.001
Invasive carcinoma vs. Cancer_adjacent_normal_tissue 0.051 0.00119 0.329 <0.001
Invasive carcinoma vs. Benign_leisons 0.639 0.306 1.31 0.241
Cancer_adjacent_normal_tissue vs. Benign_leisons 12.6 1.83 545 0.003


