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Gene amplification in ductal carcinoma in situ of the breast
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Purpose: Multiple different biologically and clinically relevant genes are often amplified in invasive breast cancer, including HER2, ESR1, CCND1 and MYC. So far, little is known about their role in tumor progression. To investigate their significance for tumor invasion, we compared pure ductal carcinoma in situ (DCIS) and DCIS associated with invasive cancer with regard to the amplification of these genes.

Methods: Fluorescence in situ hybridization (FISH) was performed on a tissue microarray containing samples from 130 pure DCIS and 159 DCIS associated with invasive breast cancer. Of the latter patients, we analyzed the intraductal and invasive components separately. Additionally, lymph node metastases of 23 patients with invasive carcinoma were included.

Results: Amplification rates of pure DCIS and DCIS associated with invasive cancer did not differ significantly (pure DCIS vs. DCIS associated with invasive cancer: HER2 22.7% vs. 24.2%, ESR1 19.0% vs. 24.1%, CCND1 10.0% vs. 14.8%, MYC 11.8% vs. 6.5%; p>0.05). Furthermore, we observed a high concordance of the amplification status for all genes if in situ and invasive carcinoma of individual patients were compared. This applied also to the corresponding lymph node metastases.

Conclusions:

Our results indicate no significant differences between the gene amplification status of DCIS and invasive breast cancer concerning HER2, ESR1, CCND1 and MYC . Therefore our data suggest an early role of all analyzed gene amplifications in breast cancer development but not in the initiation of invasive tumor growth.

INTRODUCTION

Gene amplification is an important mechanism for oncogene overexpression in malignant tumors including breast cancer. HER2, EGFR, MYC, CCND1, ESR1, MDM2, AIB1, FGFR1, S6K, TOPO2A, EMS1, FGF3, AKT2 and PIP4K2 are genes for which amplification has been described in previous breast cancer studies [START_REF] Kallioniemi | ERBB2 amplification in breast cancer analyzed by fluorescence in situ hybridization[END_REF][START_REF] King | Amplification of a novel v-erbBrelated gene in a human mammary carcinoma[END_REF][START_REF] Berns | Prevalence of amplification of the oncogenes c-myc, HER2/neu, and int-2 in one thousand human breast tumours: correlation with steroid receptors[END_REF][START_REF] Rummukainen | Amplification of c-myc by fluorescence in situ hybridization in a populationbased breast cancer tissue array[END_REF][START_REF] Anzick | AIB1, a steroid receptor coactivator amplified in breast and ovarian cancer[END_REF][START_REF] Courjal | DNA amplifications at 20q13 and MDM2 define distinct subsets of evolved breast and ovarian tumours[END_REF][START_REF] Barlund | Detecting activation of ribosomal protein S6 kinase by complementary DNA and tissue microarray analysis[END_REF][START_REF] Luoh | Overexpression of the amplified Pip4k2beta gene from 17q11-12 in breast cancer cells confers proliferation advantage[END_REF][START_REF] Hui | EMS1 amplification can occur independently of CCND1 or INT-2 amplification at 11q13 and may identify different phenotypes in primary breast cancer[END_REF][START_REF] Bellacosa | Molecular alterations of the AKT2 oncogene in ovarian and breast carcinomas[END_REF][START_REF] Jarvinen | Characterization of topoisomerase II alpha gene amplification and deletion in breast cancer[END_REF][START_REF] Bautista | CCND1 and FGFR1 coamplification results in the colocalization of 11q13 and 8p12 sequences in breast tumor nuclei[END_REF][START_REF] Ro | Amplified and overexpressed epidermal growth factor receptor gene in uncultured primary human breast carcinoma[END_REF].

Some of them have established clinical significance. For example HER2 located at 17q21 is amplified in 15-25% of invasive breast carcinomas and codes for a tyrosine kinase receptor protein that is the target protein for the monoclonal antibody trastuzumab [START_REF] Slamon | Human breast cancer: correlation of relapse and survival with amplification of the HER-2/neu oncogene[END_REF][START_REF] Sauter | Guidelines for human epidermal growth factor receptor 2 testing: biologic and methodologic considerations[END_REF][START_REF] Wolff | American Society of Clinical Oncology/College of American Pathologists guideline recommendations for human epidermal growth factor receptor 2 testing in breast cancer[END_REF]. ESR1 on 6q25 codes for estrogen recep tor alpha (ER) and is amplified in 0-22% of breast cancers [START_REF] Holst | Estrogen receptor alpha (ESR1) gene amplification is frequent in breast cancer[END_REF][START_REF] Brown | ESR1 gene amplification in breast cancer: a common phenomenon?[END_REF][START_REF] Horlings | ESR1 gene amplification in breast cancer: a common phenomenon?[END_REF][START_REF] Reis-Filho | ESR1 gene amplification in breast cancer: a common phenomenon?[END_REF][START_REF] Vincent-Salomon | ESR1 gene amplification in breast cancer: a common phenomenon?[END_REF][START_REF] Adelaide | Absence of ESR1 amplification in a series of breast cancers[END_REF][START_REF] Tomita | Estrogen receptor alpha gene ESR1 amplification may predict endocrine therapy responsiveness in breast cancer patients[END_REF]. ER is the target for various endocrine therapies [START_REF] Bedard | Progress in tailoring adjuvant endocrine therapy for postmenopausal women with early breast cancer[END_REF]. MYC is amplified in 8-37% of breast cancers [START_REF] Borg | c -myc amplification is an independent prognostic factor in postmenopausal breast cancer[END_REF][START_REF] Champeme | Int-2/FGF3 amplification is a better independent predictor of relapse than c-myc and c-erbB-2/neu amplifications in primary human breast cancer[END_REF]. The gene is located at 8q24 and codes for a helix-loop-helix/leucine zipper protein. Several studies have associated MYC amplifications with unfavorable tumor phenotype and poor prognosis in breast cancer [START_REF] Chen | MYC in breast tumor progression[END_REF][START_REF] Persons | Quantitation of HER-2/neu and c-myc gene amplification in breast carcinoma using fluorescence in situ hybridization[END_REF][START_REF] Deming | C-myc amplification in breast cancer: a meta-analysis of its occurrence and prognostic relevance[END_REF][START_REF] Naidu | Protein expression and molecular analysis of c-myc gene in primary breast carcinomas using immunohistochemistry and differential polymerase chain reaction[END_REF][START_REF] Berns | c-myc amplification is a better prognostic factor than HER2/neu amplification in primary breast cancer[END_REF][START_REF] Scorilas | Determination of cmyc amplification and overexpression in breast cancer patients: evaluation of its prognostic value against c-erbB-2, cathepsin-D and clinicopathological characteristics using univariate and multivariate analysis[END_REF][START_REF] Schlotter | C-myc, not HER-2/neu, can predict recurrence and mortality of patients with nodenegative breast cancer[END_REF]. CCND1 on 11q13 codes for cyclin D1 protein, which controls cell cycle progression during G1-phase. CCND1 has been found amplified in 10-27% of invasive breast carcinomas [START_REF] Seshadri | Cyclin DI amplification is not associated with reduced overall survival in primary breast cancer but may predict early relapse in patients with features of good prognosis[END_REF][START_REF] Naidu | Expression and amplification of cyclin D1 in primary breast carcinomas: relationship with histopathological types and clinico-pathological parameters[END_REF]. Several studies have suggested that CCND1 amplification ma y be linked with good prognosis and resistance to hormonal therapy [START_REF] Seshadri | Cyclin DI amplification is not associated with reduced overall survival in primary breast cancer but may predict early relapse in patients with features of good prognosis[END_REF][START_REF] Butt | Downstream targets of growth factor and oestrogen signalling and endocrine resistance: the potential roles of c-Myc, cyclin D1 and cyclin E[END_REF].

However, the role of amplification of these genes in the progression from DCIS to invasive breast cancer is unclear. MYC amplification has been described to be absent in the in situ component of 5 MYC-amplified invasive breast cancers in a FISH study [START_REF] Robanus-Maandag | Association of C-MYC amplification with progression from the in situ to the invasive stage in C-MYC-amplified breast carcinomas[END_REF]. The authors concluded that MYC amplification has a major role in the transition to invasive tumor growth. However, Watson et al. [START_REF] Watson | Relationship of c-myc amplification to progression of breast cancer from in situ to invasive tumor and lymph node metastasis[END_REF] did not find discrepancies between the invasive and in situ components in 4 amplified tumors in another study using Southern blot and polymerase chain reaction (PCR) analysis.

Concerning HER2 alterations, pure DCIS has been reported to show higher rates of HER2 positivity than invasive breast cancer [START_REF] Lebeau | EGFR, HER-2/neu, cyclin D1, p21 and p53 in correlation to cell proliferation and steroid hormone receptor status in ductal carcinoma in situ of the breast[END_REF][START_REF] Bartkova | Immunohistochemical demonstration of c-erbB-2 protein in mammary ductal carcinoma in situ[END_REF][START_REF] Van De Vijver | Neu-protein overexpression in breast cancer. Association with comedo-type ductal carcinoma in situ and limited prognostic value in stage II breast cancer[END_REF][START_REF] Latta | The role of HER2/neu overexpression/amplification in the progression of ductal carcinoma in situ to invasive carcinoma of the breast[END_REF]. Furthermore, several early studies have suggested that HER2 overexpression is more frequent in the in situ than in the invasive component of invasive breast carcinomas [START_REF] Soomro | c -erbB-2 expression in different histological types of invasive breast carcinoma[END_REF][START_REF] Somerville | c -erbB-2 overexpression and histological type of in situ and invasive breast carcinoma[END_REF][START_REF] Allred | Overexpression of HER-2/neu and its relationship with other prognostic factors change during the progression of in situ to invasive breast cancer[END_REF].

To clarify the role of amplifications of these important genes in progression from DCIS to invasive cancer, we constructed a tissue microarray including in situ and invasive tumor samples of 159 patients with DCIS associated with invasive cancer as well as samples of 130 pure DCIS. The FISH analysis for HER2, ESR1, CCND1, and MYC demonstrated a remarkably strong concordance between the findings in DCIS and invasive cancer.

MATERIAL AND METHODS

Material. Tissue blocks were available from 289 patients with DCIS. From each of these blocks one tissue core was taken from the DCIS and placed on our tissue microarray (TMA). 130 of these patients had pure DCIS without invasive cancer. In the remaining 159 patients DCIS was associated with invasive cancer (predominantly invasive ductal carcinomas, see Table 1). In 135 of these patients sufficient invasive tumor material was available for one additional tissue punch that was taken for the TMA. Additional tissue cores were obtained from lymph node metastases of 23 patients that had axillary lymph node metastasis at the time of primary surgery. In summary, this approach resulted in a TMA composed of 130 in situ samples from according to internationally accepted grading systems [START_REF] Elston | Pathological prognostic factors in breast cancer. I. The value of histological grade in breast cancer: experience from a large study with long-term follow-up[END_REF][START_REF] Who | World Health Organization Classification of Tumours : Pathology and Genetics of Tumours of the Breast and Female Genital Organs[END_REF]. TMA construction was as described [START_REF] Sauter | Tissue microarrays in drug discovery[END_REF]. Briefly, 447 tissue cylinders with a diameter of 0.6 mm were punched from the "donor" tissue blocks using a homemade semiautomatic robotic precision instrument and brought into 2 different recipient paraffin blocks containing 360 and 87 individual samples. 4µm sections of the resulting multi-tumor TMA blocks were transferred to an adhesive coated slide system (Instrumedics Inc., Hackensack, New Jersey). An overview of an H&E stained TMA section is shown in Figure 1A.

Fluorescence in situ hybridization. TMA sections were used for dual color FISH analysis [START_REF] Kallioniemi | ERBB2 amplification in breast cancer analyzed by fluorescence in situ hybridization[END_REF]. A commercial kit was used for proteolytic slide pretreatment according to the manufacturer"s instructions (paraffin pretreatment reagent kit, Abbott Laboratories, Abbott Park, IL, USA). Commercial FISH probe kits containing both gene specific and corresponding centromere probes were utilized for copy number detection of HER2 (PathVysion probe kit, cat.# 2J0136, Abbott, USA), ESR1 (cat.# Z-2069-200, ZytoVision, Bremerhafen, Germany) and CCND1 (cat.# 5J4101, Abbott, USA). For detection of Myc amplifications a commercially available gene specific probe was used in correlation to a centromere 8 specific probe (LSI C-Myc, cat # 5J4501; CEP8 Spectrum Orange, cat # 7J20008, Abbott, USA). Hybridization and posthybridization washes were done according to the "LSI procedure" (Vysis-Abbott) for HER2, CCND1, and MYC, or according to the manufacturer"s recommendations (ESR1). Slides were then counterstained with 125 ng/ml 4",6-diamino-2-phenylindole in an antifade solution. Copy numbers of gene specific and the corresponding centromere sequences were estimated for each tissue spot as previously described [START_REF] Holst | Estrogen receptor alpha (ESR1) gene amplification is frequent in breast cancer[END_REF][START_REF] Al-Kuraya | Prognostic relevance of gene amplifications and coamplifications in breast cancer[END_REF]. A tumor was considered amplified if predominant tumor cell population had at least twice as many gene signals than centromere signals of the respective chromosome (ratio ≥2.0). All other tumors were considered non-amplified. Figure 1C+D gives examples of non-amplified and amplified tumors for different probe sets. Supplementary data. The presented results in invasive carcinomas were obtained on tumors selected for the presence of DCIS. To permit a more comprehensive comparison between DCIS and invasive carcinoma, we added a comparison of our current data with FISH data from previous studies on a breast cancer TMA [START_REF] Holst | Estrogen receptor alpha (ESR1) gene amplification is frequent in breast cancer[END_REF][START_REF] Al-Kuraya | Prognostic relevance of gene amplifications and coamplifications in breast cancer[END_REF] that contained a subset of 1552 invasive ductal carcinomas. These tumors were not selected for the presence of extensive intraductal component in contrast to the invasive carcinomas included in our current TMA. The probes and scoring criteria used in the previous FISH studies were identical except for ESR1. While FISH analysis in the previous study was performed with a digoxigenin-labeled BAC probe (BAC RP11-450E24, RZPD) containing the ESR1 gene [START_REF] Holst | Estrogen receptor alpha (ESR1) gene amplification is frequent in breast cancer[END_REF], we used a commercially available ESR1 probe in the current investigation.

Statistics. Contingency table analysis and chi square test (Likelihood) were used to study the relationship between FISH results and other parameters. SAS software (SAS Institute Inc, JMP 5.1 software (Cary, North Carolina, USA)) was used for data analysis. All significance testing was done at the 0.05 level (two -sided).

RESULTS

Technical aspects. The number of interpretable tissue spots varied between the different FISH probes on our DCIS TMA (Table 1). The number of informative samples was 71.6% for HER2, 66.4% for ESR1, 71.8% for CCND1 and 69.8% for MYC. Analysis failures were due to the absence of tissue on the TMA, lack of unequivocal tumor cells in the arrayed sample or by insufficient hybridization (no signal or too high background). Supplementary amplification data for HER2, ESR1, CCND1 and MYC were also available from 63.5% to 75.1% of 1552 invasive ductal breast cancers, representing results from previous studies [START_REF] Holst | Estrogen receptor alpha (ESR1) gene amplification is frequent in breast cancer[END_REF][START_REF] Al-Kuraya | Prognostic relevance of gene amplifications and coamplifications in breast cancer[END_REF].

Gene amplification in DCIS and invasive cancer. Amplification rates of pure DCIS

and DCIS associated with invasive cancer did not differ significantly (p>0.05; Table 2 and Figure 2). In pure DCIS as well as in DCIS associated with invasive cancer, HER2 and MYC amplifications were detected predominantly in high grade (G3) lesions. The associations proved to be statistically significant except for MYC in pure DCIS (p=0.0904).

The results of the invasive carcinomas associated with DCIS and the invasive ductal carcinomas that were not selected for the presence of DCIS did not differ significantly regarding HER2 and ESR1 (p>0.05, Table 2 and Figure 2). But MYC amplification was significantly more frequent in tumors with extensive DCIS (11.7% vs. 5.6%; p=0.034) in contrast to CCND1 amplification, that was less frequently observed in this group compared to the other (12.6% vs. 21.3 %; p=0.022). The amplification rates of all analysed genes showed significant correlation with histological grade in the previously analyzed invasive ductal carcinomas that were not selected for the presence of DCIS (p<0,05; [START_REF] Holst | Estrogen receptor alpha (ESR1) gene amplification is frequent in breast cancer[END_REF][START_REF] Al-Kuraya | Prognostic relevance of gene amplifications and coamplifications in breast cancer[END_REF]. While the frequency of amplifications increased with grade for HER2, CCND1 and MYC, it decreased for ESR 1. These correlations were also observed for HER2 and MYC but not for ESR1 and CCND1 in the group of invasive carcinomas adjacent of DCIS that were analysed in the presented study.

DCIS associated with invasive cancer: Comparison of in situ and invasive component.

A high concordance of amplification status was observed for all genes if in situ and invasive areas were compared from individual patients (Fig 3). The highest concordance rates were detected for CCND1 (97.3%) and MYC (94.4%).

Gene amplifications were detected in the in situ but not in the invasive component of 

Gene amplifications in corresponding nodal metastases: Comparison with in

situ and invasive component. Analyzable tumor tissue from in situ, invasive and lymph node metastasis was available in 12 patients. Although some variations occurred, results showed generally a relatively high concordance rate between the different stages of progression. Concordance rates for HER2, ESR1, CCND1 and MYC were 100%, 75%, 100% and 81.8%, respectively. Deviations in the amplification status were observed only in rare cases and did not occur regarding HER2 and CCND1.(Figure 4).

DISCUSSION

Ductal carcinoma in situ (DCIS) is generally considered as a precursor lesion of invasive ductal breast cancer. Up to 80% of invasive ductal breast carcinomas show at least small foci of DCIS [START_REF] Who | World Health Organization Classification of Tumours : Pathology and Genetics of Tumours of the Breast and Female Genital Organs[END_REF]. About 5% to 20% of breast tumors present as pure DCIS without any detectable invasive tumor area at the time of diagnosis [START_REF] Who | World Health Organization Classification of Tumours : Pathology and Genetics of Tumours of the Breast and Female Genital Organs[END_REF]. It is estimated, that 14% to 50% of DCIS lesions will progress to invasive breast cancer if left untreated [START_REF] Kuerer | Ductal carcinoma in situ: state of the science and roadmap to advance the field[END_REF]. Therefore, pure DCIS is of particular biological interest as its comparison with invasive breast cancer should enable the identification of molecular features driving tumor invasion. Factors needed for invasive tumor growth are likely to be absent in pure DCIS while "invasion factors" should be found in all invasive cancers and at least some of the DCIS with transition into invasive cancer. Our series of DCIS contains a representative number of pure DCIS (n=130) and DCIS associated with invasive breast cancer (n=159). Similar amplification frequencies found in pure DCIS, DCIS associated with invasive breast cancer and invasive breast cancer for HER2, ESR1, CCND1 and MYC strongly argue against a role of these genes for DCIS progression. To the best of our knowledge we present the largest study published so far.

Especially the high concordance of the amplification status between invasive cancer and associated in situ component found in this study provides a substantial argument against a role of amplification of the analyzed genes for DCIS progression. Only a few small studies have previously compared gene amplification other than HER2 between DCIS and associated invasive cancer. These ha ve found conflicting data with respect to MYC. Robanus-Maandag and co-workers described absence of MYC amplification in DCIS from 5 patients with adjacent MYC amplified ductal invasive cancer and concluded that MYC amplification may drive transition from DCIS to invasive cancer [START_REF] Robanus-Maandag | Association of C-MYC amplification with progression from the in situ to the invasive stage in C-MYC-amplified breast carcinomas[END_REF]. But these results were not confirmed by others who found high concordance rates between in situ and invasive tumor components in their small series [START_REF] Watson | Relationship of c-myc amplification to progression of breast cancer from in situ to invasive tumor and lymph node metastasis[END_REF][START_REF] Glockner | Amplification of growth regulatory genes in intraductal breast cancer is associated with higher nuclear grade but not with the progression to invasiveness[END_REF]. Our result of a concordant MYC amplification in 94.3 % of the cases virtually rules out a role of MYC amplification for DCIS progression.

In the current study, HER2 status was concordant in 94.6% of the cases when we analyzed HER2 amplification in the in situ and invasive components of the individual tumors concurrently. A number of early immunohistochemical studies have reported that HER2 overexpression is more frequently observed in the intraductal component of invasive ductal cancers [START_REF] Soomro | c -erbB-2 expression in different histological types of invasive breast carcinoma[END_REF][START_REF] Somerville | c -erbB-2 overexpression and histological type of in situ and invasive breast carcinoma[END_REF][START_REF] Allred | Overexpression of HER-2/neu and its relationship with other prognostic factors change during the progression of in situ to invasive breast cancer[END_REF]. Since then these results have been widely accepted by the scientific community. For example, the guidelines of the American Society of Clinical Oncology (ASCO) and the College of American Pathologists (CAP) on HER2 testing in breast cancer specifically mention the need to avoid unwanted analysis of HER2 positive DCIS included in an otherwise HER2 negative invasive carcinoma [START_REF] Wolff | American Society of Clinical Oncology/College of American Pathologists guideline recommendations for human epidermal growth factor receptor 2 testing in breast cancer[END_REF]. Our study, however, confirms the data of other investigators who analyzed HER2 status by FISH and did not find significant differences between in situ and invasive tumor components [START_REF] Latta | The role of HER2/neu overexpression/amplification in the progression of ductal carcinoma in situ to invasive carcinoma of the breast[END_REF][START_REF] Park | HER2 status in pure ductal carcinoma in situ and in the intraductal and invasive components of invasive ductal carcinoma determined by fluorescence in situ hybridization and immunohistochemistry[END_REF]. It seems possible, that inherent IHC problems and the absence of interpretation guidelines might have contributed to the discrepant results of the early IHC studies [START_REF] Soomro | c -erbB-2 expression in different histological types of invasive breast carcinoma[END_REF][START_REF] Somerville | c -erbB-2 overexpression and histological type of in situ and invasive breast carcinoma[END_REF][START_REF] Allred | Overexpression of HER-2/neu and its relationship with other prognostic factors change during the progression of in situ to invasive breast cancer[END_REF]. Somewhat surprising is the relatively low HER2 amplification rate of 22.7% in pure DCIS in our current study.

The amplification and overexpression of HER2 has been reported in up to 50% of pure DCIS cases [START_REF] Lebeau | EGFR, HER-2/neu, cyclin D1, p21 and p53 in correlation to cell proliferation and steroid hormone receptor status in ductal carcinoma in situ of the breast[END_REF][START_REF] Bartkova | Immunohistochemical demonstration of c-erbB-2 protein in mammary ductal carcinoma in situ[END_REF][START_REF] Park | HER2 status in pure ductal carcinoma in situ and in the intraductal and invasive components of invasive ductal carcinoma determined by fluorescence in situ hybridization and immunohistochemistry[END_REF]. Since HER2 amplification and overexpression is significantly correlated to grade, the relatively high number of non-high grade DCIS analyzed in our study might have contributed to the difference.

A close relationship between DCIS and adjacent invasive breast cancer is also supported by results from other studies showing matching molecular features in DCIS and adjacent invasive cancers. For example Done and co-workers found identical p53 mutations in 8 DCIS and their corresponding invasive breast cancer [START_REF] Done | p53 mutations in mammary ductal carcinoma in situ but not in epithelial hyperplasias[END_REF]. Van der Groep et. al. showed similar expression rates of different markers (ER, PR, HER2, CK5/6, CK14, EGFR and Ki67) in 22 DCIS and their invasive counterparts from patients carrying BRCA1 and BRCA 2 mutations [START_REF] Van Der Groep | Molecular profile of ductal carcinoma in situ of the breast in BRCA1 and BRCA2 germline mutation carriers[END_REF]. The expression of COX-2 in invasive breast cancer and associated in situ components was significantly correlated in the investigation of Half et. al. [START_REF] Half | Cyclooxygenase-2 expression in human breast cancers and adjacent ductal carcinoma in situ[END_REF]. Three PITX2 methylation positive invasive ductal carcinoma examined for methylation markers by Dietrich et. al. showed highly methylated PITX2 and RASSF1A in both their invasive and their intraductal components [START_REF] Dietrich | Multiplexed methylation analysis--a new technology to analyse the methylation pattern of laser microdissected cells of normal breast tissue, DCIS and invasive ductal carcinoma of the breast[END_REF].

Discrepancies concerning the amplification status between DCIS and associated invasive cancer were rare in this study.

Gene amplifications in only 6 cases were restricted to the invasive component and not accompanied by similar alterations in their individual DCIS precursors (ESR1: n=4, CCND1: n=2,). These exceptional cases suggest that "late amplification development" may occur in far less than 10% of patients with transition from DCIS to invasive ductal cancer. Amplification in DCIS but not in adjacent invasive cancers was found for HER2 (n=4), ESR1 (n=6) and MYC (n=4). That tumor cells loose gene amplification at the transition from intraductal to invasive growth in vivo is hardly conceivable. So far, loss of gene amplification has exclusively been described in cell line experiments as a consequence of specific therapeutic manipulations [START_REF] Hoff | Elimination of extrachromosomally amplified MYC genes from human tumor cells reduces their tumo rigenicity[END_REF]. Hydroxyurea treatment induced reduction of extrachromosomal amplification of MYC in cell lines of four different tissues. However, the mechanisms of loosing gene copy number are not completely clarified by now. Another potential explanation for the discrepancies is genetic heterogeneity within DCIS. Accordingly, non-amplified invasive cancer would develop on the basis of nonamplified DCIS areas that were not sampled in the TMA. Alter natively, one might speculate that the results reflect the Sontag-Axelrod "parallel" model of progression of DCIS and invasive ductal carcinoma [START_REF] Sontag | Evaluation of pathways for progression of heterogeneous breast tumors[END_REF]. In contrast to the traditional linear model of breast carcinogenesis, the "parallel" pathway describes DCIS and invasive breast cancer as diverging from a common progenitor cell and progressing through different grades in parallel. This model is provocative because it calls into question the utility of the current strategy of treating DCIS to prevent invasive ductal cancer [START_REF] Kuerer | Ductal carcinoma in situ: state of the science and roadmap to advance the field[END_REF]. But Sontag and Axelrod have found by complex computer simulation and mathematic modeling that the parallel model produced the most robust correspondence with histological grades of DCIS and invasive cancer reported to occur together in heterogeneous tumors [START_REF] Sontag | Evaluation of pathways for progression of heterogeneous breast tumors[END_REF]. However, for the majority of DCIS the observed high concordance between invasive carcinoma and associated DCIS as well as the similar relationship between gene amplifications and histological grade in DCIS and invasive cancer supports the linear concept. According to that, low grade carcinomas evolve from low grade DCIS while high grade carcinomas evolve from high grade DCIS [START_REF] Singletary | A working model for the time sequence of genetic changes in breast tumorigenesis[END_REF].

Moreover, discrepancies between multiple samples from one patient can either represent true genetic heterogeneity or assessment variability. Scoring variations can easily produce discrepant categorization of samples with borderline FISH results.

Especially for ESR1, which is typically amplified at low-level, FISH scoring is subject to interobserver variability [START_REF] Holst | Reply to "ESR1 gene amplification in breast cancer: a common phenomenon?[END_REF]. It is therefore not surprising, that ESR1 showed the largest number of variations between DCIS and adjacent invasive cancer in this study. We assume that some of the observed intra-individual discrepancies for ESR1 amplifications are technically induced.

Most of the invasive carcinomas included in our DCIS TMA are of ductal type. These tumors represent a highly selected group of carcinomas because all tumors have an extensive in situ component that is large enough to be utilized for TMA manufacturing. To exclude a bias from this selection, we compared the current results with former amplification data from another set of invasive ductal carcinomas that were not selected for the presence of DCIS [START_REF] Holst | Estrogen receptor alpha (ESR1) gene amplification is frequent in breast cancer[END_REF][START_REF] Al-Kuraya | Prognostic relevance of gene amplifications and coamplifications in breast cancer[END_REF]. The comparison revealed almost identical amplification rates for HER2 and ESR1. In contrast, MYC amplification was significantly more frequent in tumors with extensive DCIS (11.7% vs. 5.6%; p=0,034), while CCND1 amplification rate was increased in the unselected group of invasive breast carcinomas (21.3% vs. 12.6%; p=0,022). Prima facie these results suggest a preferred biological role of MYC for invasive breast cancers evolving slowly from DCIS and a relevance of CCND1 for tumors rapidly progressing.

But we are currently not aware of any functional MYC or CCND1 data that could support such hypotheses. With regard to clinical data it is also unlikely that MYC triggers slow tumor progression. MYC amplification has been correlated with aggressive tumor phenotype and poor clinical outcome [START_REF] Chen | MYC in breast tumor progression[END_REF]. Accordingly, MYC amplification was significantly associated with high tumor grade in the presented invasive tumor sets. Because differences in grade composition between the two groups of invasive tumors were not evident, and the similar associations of gene amplifications with histological grade in both sets argue for a consistent grading performed in both, it seems most likely that the variable size of the sample sets might have contributed to the supposed difference. However, the observed overall frequencies of gene amplifications of MYC and CCND1 from both cohorts are in good accordance with published ranges [START_REF] Borg | c -myc amplification is an independent prognostic factor in postmenopausal breast cancer[END_REF][START_REF] Champeme | Int-2/FGF3 amplification is a better independent predictor of relapse than c-myc and c-erbB-2/neu amplifications in primary human breast cancer[END_REF][START_REF] Seshadri | Cyclin DI amplification is not associated with reduced overall survival in primary breast cancer but may predict early relapse in patients with features of good prognosis[END_REF][START_REF] Naidu | Expression and amplification of cyclin D1 in primary breast carcinomas: relationship with histopathological types and clinico-pathological parameters[END_REF].

In summary, our data show almost identical amplification status for HER2, MYC, CCND1 and ESR1 in non-invasive and invasive breast cancer. They demonstrate that these amplifications occur early in breast cancer development and are unrelated to invasive tumor phenotype. 

TABLES

  130 patients with pure DCIS, 159 in situ samples and 135 invasive samples from 159 patients with DCIS and associated invasive cancer, rounded by 23 samples from matched lymph node metastases. All tissues were collec ted from the archive of the Department of Pathology of the University Medical Center Hamburg-Eppendorf. All tumor tissues were reviewed and graded by experienced pathologists (AL, TG)

  4 cases concerning HER2 as well as MYC and 6 cases regarding ESR1. In contrast, gene amplifications of the invasive but not the corresponding DCIS were observed in 4 cases concerning ESR1, and two cases regarding CCND1. Reanalysis of all discrepant cases confirmed the initial findings. In one of the four discrepant cases concerning HER2 amplification, the review verified HER2 gene amplification in the DCIS and revealed a borderline HER2 FISH result i n the invasive component. In situ tumor cells showed 3 chromosome 17 and 15 HER2 signals on average (ratio: 5) while a mean number of 2 centromere and 3.5 HER2 signals where counted in the invasive tumor cells (ratio: 1,75).
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 1 Figure 1: Overview of an H&E-stained DCIS TMA section (A). DCIS in one H&E-
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 234 Figure 2: Amplification frequencies related to histological grade for A) HER2, B)
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 12 Figure 1: Overview of an H&E-stained DCIS TMA section (A). DCIS in one HE stained spot (B) Examples of HER2-nonamplified (C) and -amplified (D) DCIS. (C): The tumor cell nuclei contain 2 centomere 17 and 2 HER2 gene signals per nucleus . (D): The cancer cells show 2 centromere 17 and clusters of HER2 gene signals per nucleus .
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 34 Figure 3: Concordance of amplification status in DCIS and associated invasive cancer *= N analyzable

Table 1 :

 1 Patients age and pathological features of the DCIS and invasive breast cancers represented on the TMA

	Characteristics	No. of patients	%
	Pure DCIS	130	100
	Age, years		
	Median	60.4	
	Range	34-81	
	Histological grade [47]		
	Low grade	19	14.6
	Intermediate grade	45	34.6
	High grade	66	50.8
	DCIS associated with invasive cancer	159	100
	Age, years		
	Median	56.5	
	Range	28-89	
	Histological grade of DCIS [47]		
	Low grade	8	5.0
	Intermediate grade	77	48.4
	High grade	74	56.5
	Histological Type of invasive cancer [47]		
	Invasive ductal	132	83.0
	Invasive lobular	15	9.4
	Invasive tubular	8	5.0
	Invasive mucinous	4	2.5
	Histological grade of invasive cancer [46]		
	G1	25	15.7
	G2	66	41.5
	G3	50	31.4
	GX	18	11.3
	pT		
	pT1	115	72.3
	pT2	38	23.9
	pT3	3	1.9
	pT4	3	1.9
	pN		
	pN0	115	72.3
	pN1	25	15.7
	pN2	4	2.5
	pN3	3	1.9
	pNX	12	7.5

Table 2 :

 2 Gene amplification frequencies in DCIS and invasive cancer[START_REF] Holst | Estrogen receptor alpha (ESR1) gene amplification is frequent in breast cancer[END_REF][START_REF] Al-Kuraya | Prognostic relevance of gene amplifications and coamplifications in breast cancer[END_REF] 

				Pure DCIS		DCIS associated with invasive cancer	Invasive breast cancer
								In situ component	Invasive component	[17,49]
	Gene		total G1 G2 G3	p-value total G1 G2 G3	p-value total G1 G2 G3	p-value total G1 G2 G3 p-value
	n N*	97	13 35	49	95	6	46	43		112 20	52	40	1044 231 395 418
		%												
	HER2	am plified 22.7	0.0 8.6 38.8 0.0001 24.2 0.0 8.7 44.2 0.0002 18.8 0.0 5.77 45.0 <0.001 20.4 5.6 16.0 32.8 <0.0001
		N*	82	8	30	44	91	6	43	42		108 18	51	39	1136 260 443	433
		%												
	ESR1	am plified 19.0 25.0 26.7 13.6 0.3497 24.1 16.7 37.2 11.9 0.0601 21.3 11.1 29.4 15.4 0.1340 21,3 25,8 22,1 17,8 0,0394
		N*	100 14	36	50	94	6	46	42		111 20	51	40	1166 262 440 464
		%												
	CCND1	am plified 10.0 0.0 13.9 10.0 0.1741 14.8 0.0 19.6 11.9 0.2251 12.6 5.0 23.5 2.5 0.0037 21.3 13.7 22.7 24.4 0.0016
		N*	93	13	34	46	92	6	44	42		111 20	51	40	986 210 375 401
		%												
	MYC	am plified 11.8 0.0 8.8 17.4 0.0904 6.5 0.0 0.0 14.3 0.0070 11.7 0.0 9.8 20.0 0.0244 5.6	0.5	3.7 10.2 <0.0001

* Number of tumors that were successfully analyzed
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