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Abstract

CpG island hypermethylation is emerging as one of the main mechanisms for inactivation of 

cancer related genes in breast tumorigenesis. We examined the changes in methylation patterns 

during ductal breast cancer progression from atypical ductal hyperplasia to in situ and invasive 

carcinoma. Paired samples of synchronous pre invasive lesions (Atypical Ductal Hyperplasia 

and/or Ductal Carcinoma in situ) and invasive ductal breast carcinoma from 31 patients, together 

with isolated lesions from additional 24 patients were studied. Overall, 95 pathological samples 

and 20 normal breast tissues were analyzed by Quantitative Methylation Specific PCR (QMSP) on 

a panel of 9 gene promoters (ESR1, APC, CDH1, CTNNB1, GSTPI, THBS1, MGMT, TMS1 and 

TIMP3). APC, CDH1, and CTNNB1 promoter regions showed an increase in frequency of 

methylation and increased methylation levels in pathological samples when compared with normal 

breast tissues. The analysis of the syncronous paired breast lesions demonstrated also an increase 

in methylation frequency and level for APC, CDH1, and CTNNB1 genes during progression. By 

establishing a cutoff value, we were able to distinguish among -invasive and invasive lesions. 

Synchronous methylation of APC, CDH1, and CTNNB1 was associated only with invasive lesions, 

whereas simultaneous methylation of APC and CDH1 or APC and CTNNB1 were more frequent in 

ductal carcinoma in situ and invasive carcinoma. Our data point to direct involvement of APC, 

CDH1, and CTNNB1 CpG island promoter methylation in the early stages of breast cancer 
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progression, and suggest that these molecular alterations might be involved in the transition to an 

invasive phenotype.
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INTRODUCTION

Breast Cancer is the most common neoplastic disease in women with approximately 1 

million new cases diagnosed each year worldwide. Despite of early detection and better 

management, mammary tumors are still the primary cause of cancer deaths among women 

(1). The advent of mammography screening has led to an increased detection of pre-invasive 

mammary lesions, and to a better elucidation of the pathological events that precede the 

development of invasive breast carcinoma (2). Invasive breast cancer is classified into two 

main morphological subtypes; ductal carcinoma representing about 80% of breast 

malignancy, and lobular carcinoma that accounts for 8 to 14% of breast cancer. The 

remaining malignant tumors are often classified as “special types”. Among the breast lesions 

classified as pre-invasive, hyperplasia of the usual type is morphologically and 

phenotypically heterogeneous, whereas atypical ductal hyperplasia and ductal carcinoma in 

situ are homogenous in cell type and marker expression (3, 4). Retrospective studies 

indicates that 30 to 50% of the in situ carcinomas evolve into invasive tumors within 6–10 

years from the diagnosis, whereas epidemiological and clinical data are less clear about the 

role of atypical ductal hyperplasia (3). However, genetic studies based on Comparative 

Genomic Hybridization and Loss of Heterozigosity analysis, demonstrated similar 

chromosomal abnormalities in both atypical ductal hyperplasia and in situ ductal carcinoma 

suggesting that they may have a similar clonal origin (2).

Breast cancer is the result of a multistep process characterized by the accumulation of 

molecular “hits” leading to uncontrolled growth and ultimately to the acquisition of invasive 

and metastatic potential. There is now a compelling body of evidence supporting the 

importance of epigenetic mechanisms in the development and progression of cancer (5, 6). 

In recent years, an increasing number of gene CpG islands aberrantly methylated in cancer 

were identified. Such DNA methylation mapping has suggested the existence of unique 

profile of hypermethylated CpG islands that define each neoplasia (5, 6). Changes in the 

number of methylated genes as well as an increase in methylation density during tumor 

progression were described in several tumor types, but only a few studies have investigated 

promoter methylation alterations during breast cancer progression (7).

In a previous study we performed a methylation profile in a series of invasive breast cancer 

and breast benign lesions (8). A similar pattern of methylation distribution was found for all 

the genes tested with the exception of CDH1 which was found to be methylated in malignant 

tumors but not in the benign breast lesions (8). These data suggest that methylation of at 

least some genes could be directly associated with the malignant phenotype. We sought to 

characterize frequency and pattern of methylation changes during progression from normal 

Hoque et al. Page 2

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2015 May 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



breast to invasive ductal carcinoma. All the genes tested were previously identified as 

methylated in mammary tumors or breast cancer cell lines (ESR1, CDH1, APC, GSTP1, 

TIMP3, MGMT THBS1, TMS1) (7). The only exception was CTNNB1 which encodes β-

catenin and was described methylated only in metastatic gastric cancer and endometrial 

tumors (9, 10).

RESULTS

Clinical and Pathological data

We obtained pre-invasive and invasive breast lesions from 55 patients with a median age of 

48 years (IQR, Interquartile Range 42–66). Ten cases were staged as Tis (18%), 6 T1a (9%), 

10 T1b (16%), 15 T1c (27%), 13 were staged T2 (21%) and the remaining case (4%) was 

diagnosed with atypical ductal hyperplasia (ADH). Five cases displayed associated ADH, 

DCIS and IDC, 7 cases ADH and IDC, 13 cases showed associated DCIS and IDC, and 5 

cases ADH and DCIS. Among remaining cases seven patients displayed only DCIS, two 

cases only ADH and seventeen cases only IDC. In total we analyzed 20 ADH from 19 

patients (for case BP23 two separate lesion were analyzed), 32 DCIS from 29 patients (for 

case BP18 and BP22 three and two separate lesions were analyzed respectively) and 43 IDC 

from 41 patients (for case BP18 two separate lesions were analyzed). Of the 41 cases with 

invasive ductal carcinoma, 26 were negative for lymph node metastasis (63%) and 15 were 

positive (37%). Twelve cases showed pathological grade I (29%), 21 were grade II (51%), 

and 8 were grade III (40%). Six patients were diagnosed with distant metastases. The 

median values for estrogen receptor, progesterone receptor and ki67/Mib1 measured by 

immunohistochemical staining were respectively 60% (IQR 18%–90%), 20% (IQR 0%–

66%) and 15% (IQR 3%–40%). Median age for the normal breast tissue group was 56 years 

(IQR 50–63), 19 of the 20 patients were affected by breast cancer (9 pT1cN0, 7 pT1cN1b, 1 

pT1cN1a, 1 pT2N0 and 1 pT2N1b) and one patient was diagnosed with fibroadenoma.

Promoter methylation profile of breast pre-invasive and invasive lesions

ADH, DCIS and IDC were analyzed by QMSP for 9 genes including: ESR1, CDH1, APC, 

TIMP-3, CTNNB1, GSTPI, MGMT, THBS1, and TMS1. The frequency of methylation and 

the median values are listed on Table 1. Statistically significant differences in methylation 

frequency and level among NBT, ADH, DCIS and IDC were found for APC, CDH1 and 

CTNNB1 (P<0.0001, P<0.007, P=0.04). For APC, methylation levels were higher in all three 

pathological samples as compared to the control group (P<0.0001). CDH1 displayed a 

statistically significant increase in methylation levels as compared with the normal tissue 

group in DCIS (P=0.01), and IDC (P<0.001). Whereas CTNNB1 showed a statistically 

significant increase in methylation levels only in the IDC group (P=0.01). APC, CDH1 and 

CTNNB1 also showed an increase in methylation frequency in the pathological sample 

groups as compared with the normal tissue group (P<0.0001, P=0.003 and P=0.04 

respectively).

Similar methylation level and frequency were detected in both neoplastic and normal breast 

tissues for ESR1, TIMP3 and GSTP1. Methylation was not detected in either normal or 

neoplastic samples for MGMT, THBS1 and TMS1 (Table 1).
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In tumor samples no correlation was found between APC, CDH1 and CTNNB1 methylation 

level and protein levels (ER, PgR status and Mib1/Ki67) or standard clinical/pathological 

(age, stage, grade, lymph node status) parameters.

Changes in methylation during breast cancer progression

APC, CDH1 and CTNNB1 methylation levels were further analyzed in the paired pre-

invasive and invasive lesions (Figure 1). The analysis demonstrated significant differences 

in methylation frequency for CDH1 and CTNNB1 among pre-invasive and invasive lesions 

with an increased number of methylated samples in the IDC group (P<0.03 and P<0.04 

respectively). APC showed an increase in methylation frequency in IDC as compared with 

pre-invasive lesions but these differences did not reach statistical significance. The 

Wilcoxon Matched Pairs test demonstrated significantly higher levels of methylation in IDC 

as compared with DCIS for APC (P=0.03), and as compared with ADH and DCIS for 

CTNNB1 (P=0.04). No changes were demonstrated for CDH1 methylation levels. An 

example of APC, CDH1 and CTNNB1 methylation in multiple lesions from patient BP18 is 

shown in Figure 2. Although APC methylation was detected in all 5 lesions (two IDC and 

three DCIS), heterogeneity in the methylation pattern was detected for CDH1 and CTNNB1. 

Three DCIS and one of the IDC lesions displayed some level of methylation of the CDH1 

gene whereas CTNNB1 methylation was detected in only one DCIS and one IDC lesion.

APC, CDH1 and CTNNB1 methylation can distinguish pre-invasive from neoplastic breast 
lesions

The 90th percentile of the distribution in normal samples was used as cutoff value to 

distinguish among normal and pathological samples. These values were 20.73 for APC, 8.10 

for CDH1 and 2.65 for CTNNB1. Table 2 shows the distribution of the samples methylated 

above these cutoff values. Methylation in at least one of the genes was detected in 71 out of 

96 (74%) preinvasive or neoplastic samples and 3 out of 20 (15%) normal breast tissues 

(P<0.0001) (Table 2). Methylation at two or three gene loci was found in 5 ADH (25%), 9 

DCIS (28%) and 16 IDC (37%) (P=0.03). Synchronous methylation of APC, CDH1, and 

CTNNB1 promoter regions was found only in IDC (P=0.04), whereas simultaneous 

methylation of APC and CDH1 or APC and CTNNB1 was more frequent in IDC and DCIS 

(P=0.01) (Figure 3).

DISCUSSION

We have investigated the changes in methylation patterns during breast cancer progression 

in a series of pre-invasive and invasive breast lesions. The APC promoter was methylated in 

approximately two thirds of atypical hyperplasia and showed similar methylation levels in in 

situ and invasive ductal carcinomas. CDH1 and CTNNB1 methylation frequencies and levels 

increased during progression from pre-invasive to invasive tumors. Atypical ductal 

hyperplasia and in situ carcinoma showed similar methylation patterns, in agreement with 

immunophenotipic and genetic data suggesting that atypical hyperplasia should be 

considered as a well-differentiated or simply small in situ carcinoma (2).
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Reduced E-cadherin (CDH1) expression in mammary tumors correlates with loss of 

differentiation, invasiveness, increased tumor grade, metastases and overall worst prognosis 

(11). Complete loss of expression is found in 85% of the infiltrative lobular carcinomas, 

whereas variable levels of expression are found in invasive ductal carcinomas (11–15). Loss 

of heterozigosity at the E-cadherin gene locus (CDH1) is a frequent event in both ductal and 

lobular carcinomas, but inactivation of the second allele by mutation was demonstrated only 

in the lobular subtype (16, 17). Approximately 40% of breast cancers (both lobular and 

ductal type) harbored methylation at the CDH1 promoter CpG island (17,18). APC mutation 

or epigenetic inactivation play a key role in colorectal carcinogenesis and in particular in the 

early stages of disease progression (19). In breast cancer APC is mainly down regulated 

through promoter hypermethylation which is reported in 30–50% of the cases, and in breast 

cancer cell lines reduced protein expression correlated with methylation status (8, 17, 20).

Although the role of methylation in CDH1 and APC expression is well known, there are few 

data on CTNNB1 methylation. In colorectal cancer, β-catenin is activated by oncogenic 

mutation affecting the phosphorylation site resulting in a constitutively stable protein, or by 

loss of functional APC (21, 22). However, CTNNB1 methylation (and presumably 

inactivation) was recently reported in gastric and endometrial cancers (9, 10). In a series of 

primary metastatic gastric cancer and cell lines derived from metastasis, loss of expression 

of β-catenin was related to promoter methylation (9). Sequence analysis of the bisulfite 

treated DNA showed heavy CpG methylation of the CTNNB1 promoter region in a cell line 

with absent β-catenin expression and treatment with 5-deoxyazacytidine was able to restore 

β-catenin expression (9). Moreover, Whitcomb et al (10) reported methylation at the 

CTNNB1 promoter region in 17% of primary endometrial tumors.

To the best of our knowledge, our present study is the first to report CTNNB1 methylation in 

breast cancer. In mammary tumors, CTNNB1 mutations at the phosphorylation site were not 

detected, and in the majority of the cases, immunohistochemestry showed loss of β-catenin 

expression rather than protein accumulation (17, 23, 24). In lobular carcinogenesis, 

simultaneous loss of expression of E-cadherin and β-catenin seems to be an important step in 

the formation of in situ lobular carcinoma precursors (23). Moreover, Karayiannakis et al 

(24) demonstrated that qualitative and quantitative alterations of β-catenin expression occur 

not only in breast cancer of the lobular type, but also in the ductal type. In a series of 58 

ductal carcinomas, they found a heterogeneous protein staining with positive tumor cells 

interspersed with negative cells in 47 of the tumors (81%) and a complete absence of the 

staining in 4 cancers (7%) (24). In the same study the staining pattern of synchronous in situ 

carcinomas was in most of the cases the same as in the invasive carcinoma (24). An analysis 

of human breast cancer cell lines, also showed reduced or complete loss of β-catenin 

expression (25). As expected, one cell line with APC truncation displayed β-catenin 

accumulation (26).

Interestingly, APC, CDH1 and CTNNB1 gene products are functionally linked. Cadherins 

are a family of transmembrane glycoproteins that play pivotal role in the establishment and 

maintenance of normal tissue architecture (27). The E-cadherin is mainly expressed in 

epithelial tissues and in normal breast prevalently in the luminal cells. In developmental 

animal models, E-cadherin expression is temporarily down regulated when budding lobules 
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invade the stroma (28). Although the cell-to-cell adhesion properties of E-cadherin reside in 

the extracellular domain, its function depends on its interaction with catenins and in 

particular β-catenin, which is responsible for the anchorage of E-cadherin to the actin 

cytoskeleton (27). In a normal cell, β-catenin localize to the cytoplasm, and it is 

continuously degradated by phosphorylation and subsequent ubiquitination. Phosphorylation 

occurs in a multiprotein complex, which requires, among other proteins, the presence of 

APC a scaffolding protein regulated by the Wnt signalling pathway. However, this is not the 

only function of the APC protein, its terminal C-region can interact with cytoskeleton 

proteins, contributing to cell migration, proliferation and adhesion (29). Thus, APC, CDH1 

and CTNNB1 play an interaction role in the maintenance of cell-to-cell adhesion, and 

regulation of cell-extracellular matrix interactions (30). The loss of these abilities is 

necessary, although not sufficient, for the acquisition of invasive properties by cancer cells. 

A role in “invasion suppression” would be consistent with our results showing changes in 

promoter methylation in the switch from pre-invasive lesions to invasive breast cancer.

TIMP-3 ESR1, and GSTP1 methylation frequency and levels were similar in normal and 

neoplastic breast tissues from cancer patients. This finding is puzzling, but might be 

explained by the occurence of epigenetic changes in apparently normal stromal cells. Hu et 

al (31) investigated, with a whole genome analysis approach, methylation patterns of 

epithelial and myoepithelial cells, in stromal fibroblasts from normal breast tissues, as well 

as in situ and invasive breast carcinoma. The analysis showed distinct epigenetic changes in 

all three types of cells with some genes differentially methylated in normal and neoplastic 

samples and others showing the same methylation pattern in cells derived from normal and 

neoplastic tissues (31). Thus, our results could be explained by the presence of similar levels 

of methylation of TIMP-3 ESR1, and GSTP1 in stromal cells from normal and cancer 

specimens. However, these similar epigenetic patterns do not exclude that promoter 

methylation may play a role in carcinogenesis. Alterations in stromal and myoepithelial cells 

may establish an abnormal tumor microenviroment and contribute to cancer progression.

We propose a model for the timing of epigenetic modifications in breast cancer development 

APC methylation would be an early event, correlated with abnormal proliferation of the 

breast epithelia. CDH1 and CTNNB1 methylation occur later and are likely to play a more 

direct role in the loss of cell-to-cell adhesion and the acquisition of invasive properties by 

the cancer cells. The detection of breast cancer in the early stages is a key for a successful 

treatment of the disease. Our results indicate that methylation not only occurs early during 

tumor progression, but also that the analysis of specific genes may allow to distinguish 

between normal and transformed cells and even between pre-invasive and invasive 

carcinomas, thus representing a promising tool for the identification of tumor cells in 

clinical specimens. The clinical presentation of breast cancer is often a palpable breast 

nodule accompanied by cytomorphological analysis of Fine Needle Aspiration (FNA) 

biopsies for diagnostic evaluation of suspicious breast lesions. However this procedure has 

false negative rates ranging from 5 to 30%, the accuracy of the analysis also depends on the 

ability of the operator to collect the sample and the proficiency of the cytopathologist in 

performing morphological examination (32). DNA methylation has an advantage over other 

molecular detection methods (e.g. single gene mutation, microsatellite analysis etc.,) 
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because it can be detected with a very high degree of specificity even in the presence of an 

excess of unmethylated DNA (33). A number of studies have also reported the ability to 

detect breast cancer cells by DNA methylation analysis in FNAs, Nipple Aspirates or ductal 

lavages (34–38) with variable sensitivity. Our results suggest that the selection of gene 

promoter targets is critical based on their frequency and timing in breast cancer development 

and progression. Thus, it is likely that the combined detection of methylation of APC, CDH1 

and CTNNB1 could be more informative than other methylation markers in identifying 

cancer cells in cytological specimens. This approach might help the pathologist to 

distinguish definitely malignant from indolent lesions and the clinician to differentiate 

between lesions with better or worse prognosis.

Materials and Methods

Samples and DNA extraction

Tissue samples from 55 patients were obtained as paraffin embedded specimens from the 

Department of Pathology “L. Armanni”, University of Naples Italy, the Department of 

Pathology IRCCS “Casa Sollievo della Sofferenza” San Giovanni Rotondo, Italy and the 

Department of Pathology IRCCS Oncology Institute, Bari, Italy. Overall 95 pre-invasive and 

invasive lesions from 55 patients and 20 normal breast tissues from cancer patients were 

included in the study. Sections, 5-μm-thick, were cut from paraffin blocks and two 

pathologists (A. Apicella and F. Zito) reviewed each slide to identify the areas of Atypical 

Ductal Hyperplasia (ADH), Ductal Carcinoma in situ (DCIS) and Invasive Ductal 

Carcinoma (IDC), and to exclude cancer cell contamination in normal breast tissues (NBT). 

Sample specimens were then carefully dissected, under a microscope from 12-μm-thick 

sections to enrich for areas that contained ADH, DCIS or IDC. For each pathological lesion, 

6 to 12 sections were dissected depending on the dimension of the lesion. Paraffin-

embedded tissues were subsequently placed in xylene to remove the paraffin and genomic 

DNA was extracted as described previously (39).

Sodium Bisulfite Modification

DNA extracted from tumors was subjected to bisulfite treatment, as described previously 

with minor modification (40). Briefly, 2 μg of genomic DNA from each sample was 

denatured with NaOH (final concentration, 0.2 M) in a total volume of 20 μl at 50°C for 20 

minutes. The denatured DNA was diluted by adding 500 μL of a freshly prepared solution of 

10 mM hydroquinone and 3 M sodium bisulfite, and incubated at 70°C for 3 hours. 

Bisulfite-modified DNA was purified using a Wizard DNA Clean-Up System (Promega), 

treated with 0.3 M NaOH at room temperature for 10 minutes, precipitated with ethanol, 

resuspended in 120 μL of LoTE (2.5 mM EDTA, 10 mM Tris–HCl (PH 8), and stored at 

−80°C.

Quantitative Methyl Specific PCR (QMSP)

Bisulfite-modified DNA was used as template for fluorescence-based real-time PCR, as 

previously described (40). Amplification reactions were carried out in triplicate in a volume 

of 20 μL that contained 3 μL bisulfite-modified DNA, 600 nM forward and reverse primers, 

200 nM probe, 5 U of Platinum Taq polymerase (Invitrogen), 200 μM each of dATP, dCTP, 

Hoque et al. Page 7

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2015 May 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



dGTP, 200 μM dTTP and 5.5 mM MgCl2. Primers and probes were designed to specifically 

amplify the promoters of the nine genes of interest and the promoter of a reference gene, 

ACTB (primer and probe sequences and annealing temperatures are provided in 

Supplemental Table 1). Amplifications were carried out using the following conditions: one 

step at 95°C for 3 minutes, 50 cycles at 95°C for 15 seconds, and 60 °C to 62 °C for 1 

minute. Supplemental Table 2 lists the nine genes whose promoters were examined, their 

proposed functions, and the tumors in which these promoters have been shown to be 

hypermethylated. Amplification reactions were carried out in 384-well plates in a 7900 

Sequence detector (Perkin-Elmer Applied Biosystems) and were analyzed by SDS 

2.2.1software ( Applied Biosystems). Each plate included patient DNA samples, positive (in 

vitro methylated leukocyte DNA) and negative (normal leukocyte DNA or DNA from a 

known unmethylated cell line) controls, and multiple water blanks. Leukocyte DNA from a 

healthy subject was methylated in vitro with excess SssI methyltransferase (New England 

Biolabs Inc., Beverly, MA) to generate completely methylated DNA. Serial dilutions (90-.

009 ng) of this DNA were used to construct a calibration curve for each plate. All samples 

were within the assay’s range of sensitivity and reproducibility based on amplification of an 

internal reference standard (CT value for ACTB of 40 or less). The relative level of 

methylated DNA for each gene in each sample was determined as a ratio of methylation 

specific PCR-amplified gene to ACTB (reference gene) and then multiplied by 1000 for 

easier tabulation (average value of triplicates of gene of interest/average value of triplicates 

of ACTB × 1000). The samples were categorized as unmethylated or methylated based on 

the sensitivity of the assay and 90th percentile distribution of methylation levels in known 

normal (control) breast tissue DNA.

Statistical Analysis

For each gene, the frequency of methylated and unmethylated cases, as well as the median 

and interquartile range of methylation ratios was determined for the study groups. The 

Kolmogorov-Smirnov Test allowed for the examination of the appropriateness of a normal 

distribution assumption for each of the parameters, and then data were analyzed using non-

parametric tests. Differences between sample groups were determined using the Kruskal-

Wallis test followed by the Mann-Whitney U test when appropriate. For comparing 

methylation levels between paired samples, the Wilcoxon matched pairs test was performed. 

The correlation between tumor methylation ratios on the one hand, and age, pathological 

stage, ER, PgR and Ki67/Mib1 levels, were determined by calculating a Spearman’s 

correlations coefficient. The χ2 test or Fisher’s Exact test were used for comparison of 

frequency distribution of the methylated genes among the experimental groups. Statistical 

analysis was done using SPSS 10.0 software and all tests are two sided with significance at 

P≤0.05.
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Non-standard abbreviation

ADH Atypical ductal Hyperplasia

DCIS Ductal Carcinoma in situ

IDC Invasive Ductal carcinoma

ILC Invasive Lobular Carcinoma

NBT Normal Breast Tissue
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FIGURE 1. 
Distribution plots for APC (A), CDH1 (B) and CTNNB1(C) methylation levels in the paired 

breast lesions: ADH, atypical ductal hyperplasia, DCIS ductal carcinoma in situ, and IDC 

invasive ductal carcinoma, horizontal bar, median value, * samples with a ratio equal to 

zero can not be plotted correctly on a log scale and we thus plotted at baseline.
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FIGURE 2. 
The analysis of multiple breast lesions from patient BP18 displays heterogeneity in APC, 

CDH1 and CTNNB1. Slide BP18-6 shows a DCIS (A) and an IDC (B), BP18-9 displays two 

DCIS (A and B) and BP18-7 an IDC. The target gene/ACTB ratio for APC, CDH1 and 

CTNNB1 are indicated for each of the genes. APC methylation is present in all the lesions 

with ratios above the cut off of 20.73; CDH1 methylation was above the cut-off of 8.10 only 

in BP18-9 and CTNNB1 methylation levels were above the cut-off of 2.65 for BP18-9B and 

BP18-7
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FIGURE 3. 
Methylation distribution in breast tissues samples above the optimal cut-off values of 20.73 

for APC, 8.10 for CDH1 and 2.65 for CTNNB1.
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Table 2

Gene methylation patterns above the optimal cut-off value for individual lesions in breast cancer progression.

APC* CDH1* CTNN1B*

BP1 IDC M M M

BP2 IDC M M M

BP5 IDC M M M

BP8 IDC M M M

BP15 IDC M M M

B22A DCIS M M um

BP13 IDC M M um

BP21 IDC M M um

B22 IDC M M um

BP31 IDC M M um

BP32 IDC M M um

BP33 IDC M M um

BP34 IDC M M um

BP35 DCIS M M um

BP13 ADH M M um

BP6 ADH M M um

BP18-9A DCIS M M um

BP3 DCIS M M um

B22B DCIS M M um

BP23 DCIS M M um

BP18-72 IDC M um M

BP9 IDC M um M

BP12 IDC M um M

BP18-9B DCIS M um M

B25 DCIS M um M

BP31 DCIS M um M

BP9 ADH M um M

BP10 IDC um M M

BP3 ADH um M M

BP4 ADH um M M

BN10 NBT um M M

BP6 IDC um M um

BP14 IDC um M um

BP36 IDC um M um

BP37 IDC um M um

BP11 IDC um M um

BP14 DCIS um M um

BP21 DCIS um M um

BP2 ADH um M um
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APC* CDH1* CTNN1B*

BP10 ADH um M um

BP4 IDC um um M

BP7 IDC um um M

BP5 ADH um um M

BP38 IDC M um um

BP39 IDC M um um

BP40 IDC M um um

BP41 IDC M um um

BP42 IDC M um um

BP43 IDC M um um

BP44 IDC M um um

BP45 IDC M um um

BP17 IDC M um um

BP18-6 IDC M um um

BP29 IDC M um um

BP30 IDC M um um

BP39 DCIS M um um

BP9 DCIS M um um

BP12 DCIS M um um

BP15 DCIS M um um

BP17 DCIS M um um

BP18-6 DCIS M um um

BP26 DCIS M um um

BP27 DCIS M um um

BP28 DCIS M um um

BP29 DCIS M um um

BP39 ADH M um um

BP23A ADH M um um

BP23B ADH M um um

BP27 ADH M um um

BP31 ADH M um um

BP8 ADH M um um

BP16 ADH M um um

BN1 NBT M um um

BN15 NBT M um um

BP19 IDC um um um

BP24 IDC um um um

BP46 IDC um um um

BP47 IDC um um um

BP48 IDC um um um

BP49 IDC um um um

BP50 IDC um um um
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APC* CDH1* CTNN1B*

BP51 IDC um um um

BP52 IDC um um um

BP38 DCIS um um um

BP47 DCIS um um um

BP53 DCIS um um um

BP54 DCIS um um um

BP55 DCIS um um um

BP53 ADH um um um

BP46 ADH um um um

BP10 DCIS um um um

BP13 DCIS um um um

BP19 DCIS um um um

B24 DCIS um um um

BP30 DCIS um um um

BP20 DCIS um um um

BP1 ADH um um um

BP7 ADH um um um

BP11 ADH um um um

BN2 NBT um um um

BN3 NBT um um um

BN4 NBT um um um

BN5 NBT um um um

BN6 NBT um um um

BN7 NBT um um um

BN8 NBT um um um

BN9 NBT um um um

BN11 NBT um um um

BN12 NBT um um um

BN13 NBT um um um

BN14 NBT um um um

BN16 NBT um um um

BN17 NBT um um um

BN18 NBT um um um

BN19 NBT um um um

BN20 NBT um um um

*
M, methylated sample; um, unmethylated sample.
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