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Clinical relevance of the putative stem cell marker p63 in breast cancer
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P63 is a member of the p53 family. This protein is crucial for the maintenance of a stem cell population in the human epithelium and necessary for the normal development of all epithelial tissues including mammary glands. In normal breast tissue, the p63 seems to be a specific myoepithelial cell marker. P63 expression has been described in highly aggressive ER negative basal-like breast tumors. The value of p63 expression in ER positive disease is less clear. The expression levels of p63 mRNA by Affymetrix microarray analysis in a combined cohort of 2,158 ER positive breast cancers and its prognostic and predictive impact were analyzed. Tumor samples containing large amounts of benign breast tissue, which will interfere with p63 measurement, were excluded prior to the analysis. Survival analysis revealed a better prognosis of ER positive breast cancer expressing p63 (n = 410; P \ 0.036). No correlation of p63 with standard parameters was observed. In a subgroup analysis, endocrine-treated patients with high p63 expression showed a better prognosis than low p63 expression (P = 0.06; n = 186). In untreated patients, this effect was less clear (n = 148; P = 0.5). P63 is a positive prognostic factor in endocrinetreated ER positive breast cancer and might influence responsiveness to endocrine treatment. Thus, p63 could be helpful as a predictive factor for endocrine therapy.

Introduction

The protein 63 (p63) represents a member of the p53 family (p53/p63/p73) located on chromosome 3q27 [START_REF] Mckeon | Fog of war: the emerging p53 family[END_REF]. This gene family seems to play an important role in the carcinogenesis and may act at least in parts as oncogenes or tumor suppressor genes [START_REF] Mckeon | Fog of war: the emerging p53 family[END_REF][START_REF] Finlan | p63: the phantom of the tumor suppressor[END_REF]. The p63 is the recent member of this family and few is known about this member. The human p63 gene expresses at least six mRNA variants which encode for six different p63 protein isoforms (TAp63a, TAp63b, TAp63c, DNp63a, DNp63b and DNp63c) [START_REF] King | p63: defining roles in morphogenesis, homeostasis, and neoplasia of the epidermis[END_REF][START_REF] Yang | p63, a p53 homolog at 3q27-29, encodes multiple products with transactivating, death-inducing, and dominant-negative activities[END_REF]. These consist of three alternatively spliced C-terminal isoforms (a, b, c) and can be classified in two groups generated by alternative promoter usage: The transactivating isoforms (TAp63) and the N-terminal truncated p63 isoforms (DNp63), which lack the transactivating N-terminal region [START_REF] Bourdon | p53 and its isoforms in cancer[END_REF][START_REF] Flores | p63 and p73 are required for p53-dependent apoptosis in response to DNA damage[END_REF][START_REF] Irwin | Role of the newer p53 family proteins in malignancy[END_REF]. The translational products of p63 are crucial for the maintenance of a stem cell population in the human epithelium [START_REF] Yang | p63 is essential for regenerative proliferation in limb, craniofacial and epithelial development[END_REF] and are necessary for the normal development of all epithelial tissues [START_REF] Mckeon | p63 and the epithelial stem cell: more than status quo?[END_REF], including mammary glands [START_REF] Barbareschi | p63, a p53 homologue, is a selective nuclear marker of myoepithelial cells of the human breast[END_REF][START_REF] Direnzo | Growth factor requirements and basal phenotype of an immortalized mammary epithelial cell line[END_REF]. The critical contribution to epithelial morphogenesis could be shown in mice null for p63, which presented with severe abnormalities at birth, i.e., truncation of the limbs, craniofascial malformations, and an absence of epidermis [START_REF] Yang | p63 is essential for regenerative proliferation in limb, craniofacial and epithelial development[END_REF][START_REF] Mills | p63 is a p53 homologue required for limb and epidermal morphogenesis[END_REF]. Furthermore, p63 is expressed in the basal epithelial cells of the skin, the cervix, and the prostate as well as in the myoepithelial layer of normal breast ducts and lobules [START_REF] Barbareschi | p63, a p53 homologue, is a selective nuclear marker of myoepithelial cells of the human breast[END_REF][START_REF] Direnzo | Growth factor requirements and basal phenotype of an immortalized mammary epithelial cell line[END_REF].

Only a few authors described p63 expression in the mammary glands. For example, this protein was found in a subset of highly aggressive ER negative breast cancers that represent a basal and myoepithelial phenotype and have a poor clinical outcome [START_REF] Matos | p63, cytokeratin 5, and P-cadherin: three molecular markers to distinguish basal phenotype in breast carcinomas[END_REF][START_REF] Sorlie | Gene expression patterns of breast carcinomas distinguish tumor subclasses with clinical implications[END_REF]. In normal breast tissue, p63 seems to be a specific myoepithelial cell marker [START_REF] Ribeiro-Silva | The relationship between p63 and p53 expression in normal and neoplastic breast tissue[END_REF]. Some authors were able to identify p63 and other myoepithelial cell markers in matrix-producing and metaplastic carcinomas of the breast, suggesting that these tumors have in common a myoepithelial cell differentiation [START_REF] Reis-Filho | Novel and classic myoepithelial/stem cell markers in metaplastic carcinomas of the breast[END_REF]. Ribereiro-Silva et al. confirmed p63 as a specific myoepithelial marker in normal breast tissue which is rarely overexpressed in grade 3 invasive ductal carcinomas [START_REF] Ribeiro-Silva | The relationship between p63 and p53 expression in normal and neoplastic breast tissue[END_REF].

Nevertheless, the role of p63 in neoplasia, especially in breast cancer, is not clearly described. The potential role of p63 as a tumor suppressor gene or as an oncogene has been discussed. There are conflicting results of two independent studies with p63 deficient mice. In the study of Flores et al., these mice were found to have a tendency to develop a tumor formation and metastasis [START_REF] Flores | Tumor predisposition in mice mutant for p63 and p73: evidence for broader tumor suppressor functions for the p53 family[END_REF]. On the other hand, Keyes et al. showed no evidence of a predisposition to tumor growth in mice null for p63 [START_REF] Keyes | p63 heterozygous mutant mice are not prone to spontaneous or chemically induced tumors[END_REF]. Although there is an abundance of reports of p63 overexpression in many different tumors, above all in squamous cell carcinoma like head and neck cancer [START_REF] Yamaguchi | Frequent gain of the p40/p51/p63 gene locus in primary head and neck squamous cell carcinoma[END_REF], lung cancers [START_REF] Uramoto | Expression of the p53 family in lung cancer[END_REF], cutaneous tumors [START_REF] Takeuchi | Immunohistochemical analyses of p63 expression in cutaneous tumours[END_REF], uterine tumors [START_REF] Lin | DeltaNp63 protein expression in uterine cervical and endometrial cancers[END_REF][START_REF] Quade | Expression of the p53 homologue p63 in early cervical neoplasia[END_REF], and breast cancer [START_REF] Ribeiro-Silva | The relationship between p63 and p53 expression in normal and neoplastic breast tissue[END_REF][START_REF] Reis-Filho | p63 expression in sarcomatoid/ metaplastic carcinomas of the breast[END_REF][START_REF] Wang | p63 expression in normal, hyperplastic and malignant breast tissues[END_REF], it seems to be clear that p63 is very rarely mutated in cancers [START_REF] Mills | p63 oncogene or tumor suppressor?[END_REF].

Here, we investigated the expression levels of p63 mRNA by Affymetrix microarray analysis in a combined cohort of 2,158 ER positive breast cancers and its prognostic and predictive impact. We observed no correlation of p63 expression with age, tumor size, histological grading as well as progesterone receptor, and HER2 status in the ER positive subgroup of patients. Our findings indicate a better prognosis for patients with higher expression of p63. Moreover, the analysis of treated and untreated patients points to a role of p63 in endocrine responsiveness.

Materials and methods

Breast cancer samples

Tissue samples of invasive breast cancer cases were obtained with IRB approval and informed consent from consecutive patients undergoing surgical resection between December 1996 and July 2007 at the Department of Gynecology and Obstetrics at the Goethe-University in Frankfurt. All tissue samples were stored in liquid nitrogen. Samples were characterized according to the standard pathology including the estrogen receptor status by ligandbinding assays or immunohistochemistry.

Microarray data

A database of n = 3030 Affymetrix HG-U133A microarrays from treatment-naı ¨ve primary breast cancer samples was established, as we have recently described [START_REF] Karn | Data driven derivation of cutoffs from a pool of 3,030 Affymetrix arrays to stratify distinct clinical types of breast cancer[END_REF]. We included 238 of our own samples (datasets Frankfurt, Frankfurt-2, and Frankfurt-3) which have been described previously [START_REF] Ahr | Identification of high risk breast-cancer patients by gene expression profiling[END_REF][START_REF] Rody | Poor outcome in estrogen receptor-positive breast cancers predicted by loss of plexin B1[END_REF][START_REF] Rody | Loss of Plexin B1 is highly prognostic in low proliferating ER positive breast cancers-results of a large scale microarray analysis[END_REF][START_REF] Rody | The erbB2? cluster of the intrinsic gene set predicts tumor response of breast cancer patients receiving neoadjuvant chemotherapy with docetaxel, doxorubicin and cyclophosphamide within the GEPARTRIO trial[END_REF][START_REF] Ruckhaberle | Microarray analysis of altered sphingolipid metabolism reveals prognostic significance of sphingosine kinase 1 in breast cancer[END_REF] as well as 2,792 samples from 22 different publicly available datasets (Supplementary Table S1) . Affymetrix expression data were analyzed by using the MAS5.0 [START_REF] Affymetrix | Statistical algorithms reference guide[END_REF] algorithm of the affy package [START_REF] Gautier | affyanalysis of Affymetrix GeneChip data at the probe level[END_REF] of the Bioconductor software project [START_REF] Gentleman | Bioconductor: open software development for computational biology and bioinformatics[END_REF] (http://www. bioconductor.org/). Subsequently data were log 2 transformed and median centered. To adapt different datasets the expression values of all the genes on the array were multiplied by a scale factor S so that the magnitude (sum of the squares of the values) is equal for each array. The clinical characteristics of the patients in the different datasets are also summarized in Supplementary Table S1. The ER status, PgR status, and HER2 status was determined by microarray as described previously [START_REF] Karn | Data driven derivation of cutoffs from a pool of 3,030 Affymetrix arrays to stratify distinct clinical types of breast cancer[END_REF]. The subset of 2,158 ER positive tumors was selected for this study from the complete database of 3,030 samples. For comparison, data from n = 140 normal breast biopsies were also used [START_REF] Chen | Proliferative genes dominate malignancy-risk gene signature in histologically-normal breast tissue[END_REF].

P63 is indicated by six different probe sets on the Affymetrix HGU133A microarray. These different sets represent the p63 isoforms in various grades, but are not able to discriminate between them (Fig. 1a). Only two of these probe sets, 209863_s_at and 211194_s_at, both detecting the same p63 isoforms, strongly hybridized to mRNA from breast tumor samples. In addition, published data from p63 knockdown experiments through RNAi in several cell lines [START_REF] Barbieri | Loss of p63 leads to increased cell migration and up-regulation of genes involved in invasion and metastasis[END_REF][START_REF] Yang | Relationships between p63 binding, DNA sequence, transcription activity, and biological function in human cells[END_REF] demonstrate that the largest fold change is observed for probeset 209863_s_at (Fig. 1b). Since this probeset also had the highest dynamic range in breast cancers, it was chosen for all further analysis.

Statistical analyses

All analyses were performed following the REMARK recommendations for tumor marker studies [START_REF] Mcshane | REporting recommendations for tumor MAR-Ker prognostic studies (REMARK)[END_REF]. Follow-up data were available for 1,548 of the 2,158 ER positive samples (11 datasets without follow-up, see Supplementary Table 1). For nine datasets relapse free survival (RFS) was used as an endpoint (n = 919), while for five dataset only distant metastasis free survival (DMFS) was available (n = 630). Thus, any local recurrence events are missing from these five datasets. However, as we have previously demonstrated no significant difference in relative survival was found when comparing the samples where only the DMFS endpoint was available to those using the RFS endpoint in this dataset [START_REF] Karn | Data driven derivation of cutoffs from a pool of 3,030 Affymetrix arrays to stratify distinct clinical types of breast cancer[END_REF]. Hence, we used in the context of this study either the RFS endpoint as disease-free survival (DFS) or the DMFS endpoint if RFS was not available. All samples were censored as of the last follow-up date or at 120 months. We constructed Kaplan-Meier curves and used the log rank test to determine the univariate significance of the variables. A Cox proportional-hazards regression model was used to examine simultaneously the effects of multiple covariates on survival. The effect of each variable was assessed with the use of the Wald test and described by the hazard ratio, with a 95% confidence interval. Subjects with missing values were excluded from the analyses, and all reported P values are two sided. P values of less than 0.05 were considered to indicate a significant result. All analyses were performed using the R software environment (http://www.r-project.org/) and SPSS version 17.0 (SPSS Inc., Chicago, IL).

Immunohistochemistry

Paraffin sections (2 mm) were mounted on SuperfrostPlus slides, dewaxed in xylene, and rehydrated through graduated ethanol to water. Antigens were retrieved by microwaving sections in 10 mM citrate buffer (pH 6.0) for 20 min at 800 W. Blocking was performed using antibody dilution buffer (DCS Diagnostics,Hamburg, Germany) at the room temperature for 15 min. Subsequently, antibodies were diluted 1:100 individually in this buffer. Sections were incubated with antibodies for 1 h at room temperature. For negative controls, the primary antibodies were replaced with phosphate-buffered saline. For secondary antibody incubations and detection, the Dako REAL Detection System Alkaline Phosphatase/RED (Dako, Glostrup, Denmark) was used following the protocol of the supplier and sections were counterstained with Mayer's hematoxylin. Antibodies used in this work were: P63 (Dako, Glostrup, Denmark, clone 4a4 code, M7247), ER (Novo Castra, Clone 6F11, NCL-ER-6F11), KRT14 (Thermo scientific, clone LL002, Ms-115-P0), Cav1 (Cell Signalling, cat 3238), AQP1 (Chemicon, cat AB3065). Secondary goat anti-rabbit antibody (FAST-RED) was purchased from Dianova (Hamburg, Germany).

Results

Analysis of p63 Affymetrix expression data in a combined cohort of 2158 ER positive breast cancers P63 expression has been described in ER negative basallike breast tumors. The value of p63 expression in ER positive disease is less clear. To study the role of p63 in ER positive breast cancer, we first selected all n = 2,158 ER positive samples from a combined database of n = 3,030 Affymetrix U133 microarrays of primary breast cancers. Since p63 expression is also found in the normal cells of the basal/myoepithelial cell layer of breast tissue, we expected that our p63 microarray expression data could be strongly confounded by normal cells in samples contaminated with benign tissue. We therefore intended to exclude all those samples from our analyses which are presumed to contain large amounts of such tissue. A scatter plot comparing the expression of cytokeratins 5 (KRT5) and 14 (KRT14) was used to identify tumor samples containing measurable amounts of normal breast tissue. Both KRT5 and KRT14 are markers for normal basal cells of the breast [START_REF] Debus | Monoclonal cytokeratin antibodies that distinguish simple from stratified squamous epithelia: characterization on human tissues[END_REF][START_REF] Nagle | Characterization of breast carcinomas by two monoclonal antibodies distinguishing myoepithelial from luminal epithelial cells[END_REF] and were found to be expressed in less than 10 percent of ER positive breast cancers [START_REF] El-Rehim | Expression of luminal and basal cytokeratins in human breast carcinoma[END_REF]. As shown in Fig. 2, correlation between KRT5 and KRT14 is most stringent for samples displaying KRT14 values above zero (cutoff ''A'' in Fig. 2; median-centered log 2 expression values), suggesting that those tumors contain certain amounts of benign tissue. Thus, in this article, we henceforth refer to the samples with low KRT14 expression as ''pure tumor samples'' while those samples with high KRT14 values are referred to as ''mixed tumor tissue samples''. To estimate the amount of non-malignant breast tissue in tumor samples, we included data from n = 140 normal breast biopsies [START_REF] Chen | Proliferative genes dominate malignancy-risk gene signature in histologically-normal breast tissue[END_REF] in the scatter plot analysis. Most of these normal breast samples displayed KRT14 values above cutoff C in Fig. 2. When assuming a linear relationship between KRT14 expression values and the proportion of benign breast tissue one could estimate less than 6.25% contaminating normal tissue for samples below cutoff A. The intermediate cutoff B in Fig. 2 would correspond to roughly 25% contaminating normal tissue in the biopsy. This approximation would be in line with the observation that more than three quarters of those samples which were obtained by fine needle biopsies (FNA) fall below cutoff B (Fig. 2). Since it is known that this sample collection method generally produces tumor specimens containing [90% tumor cells [START_REF] Hess | Pharmacogenomic predictor of sensitivity to preoperative chemotherapy with paclitaxel and fluorouracil, doxorubicin, and cyclophosphamide in breast cancer[END_REF].

To analyse p63 expression in tumors without confounding by contaminating benign tissue, we first used the most stringent cutoff A from Fig. 2 to split the total collective. 612 (28.4%) of the 2,158 samples had KRT14 expression values below this cutoff (see also Supplementary Figure S1 for detailed sample numbers of all analyses). Further support for the cutoff value came from the observation that among the ''mixed tumor tissue samples'' (KRT14 C cutoff A) a strong correlation of p63 and KRT5 was demonstrated by scatter plot analysis suggesting that benign tissue is the source of expression of both markers in these samples. In contrast, this correlation was lost in the ''pure tumor samples'' (Supplementary Figure S2). Importantly, despite this loss of correlation a significant expression of p63 was detectable in a subset of the ''pure tumor samples''. To analyze whether carcinoma cells are the source of p63 expression in the samples, we next stained breast tumors from the Frankfurt cohort by immunohistochemistry. Exemplary results from immunohistochemistry of a tumor sample classified as ''pure'' by KRT14 below cutoff A are depicted in Fig. 3. Strong nuclear staining of p63 in tumor cells was observed in both samples while antibodies against myoepithelial markers like KRT14, KRT5, CAV1, and AQP1 failed to react suggesting the absence of normal basal cells.

Prognostic and predictive impact of p63 expression in ER positive cancers

To analyze whether the differences in p63 expression among these n = 612 ER positive ''pure tumor samples'' (KRT14 \ 0, most stringent cutoff A) are associated with a different clinical course of disease Kaplan-Meier analyses were performed. For 410 of the 612 samples, follow-up was available (Supplementary Figure S1). As shown in Fig. 4a, we observed a better prognosis for those patients with high expression of p63 (P = 0.036) using the median split. In contrast, when we performed the same analysis using the ''mixed tumor tissue samples'' (KRT14 C cutoff A) with available follow-up (n = 1,138) no difference in prognosis was found (Fig. 4b). These results suggest that the differences in p63 expression among those ''mixed tumor tissue samples'' simply represent a confounding effect by tissue composition of the respective samples. It should be noted that other reports on p63 in breast cancer [START_REF] Ribeiro-Silva | p63 correlates with both BRCA1 and cytokeratin 5 in invasive breast carcinomas: further evidence for the pathogenesis of the basal phenotype of breast cancer[END_REF][START_REF] Reis-Filho | Distribution of p63, cytokeratins 5/6 and cytokeratin 14 in 51 normal and 400 neoplastic human tissue samples using TARP-4 multi-tumor tissue microarray[END_REF] suggest that only a small fraction of samples (\10%) express the gene. Thus, a median splitting as performed in our analyses would obviously overestimate the number of true p63 positive samples. However, as depicted in Supplementary Figure S3, reducing the number of p63 positive samples by using the upper quartile did not change its prognostic relevance. The observed differences in prognosis according to p63 expression in the subset of ''pure tumor samples'' might represent a true prognostic or rather a predictive effect since many of the ER positive patients are treated with endocrine therapy. Thus, we further stratified the patients according to their systemic treatment. For 334 of the 612 samples (KRT14 below cutoff A), both treatment information and follow-up data were available (see Supplementary Figure S1). 148 of the patients were untreated, while 186 received endocrine treatment only. Interestingly, a better prognosis of those samples with high p63 expression was only found in the group of endocrine treated patients (trend P = 0.06, Fig. 5a). In contrast the difference in prognosis was smaller in the untreated population (P = 0.5, Fig. 5b) suggesting a predictive value of p63 expression for endocrine treatment. We repeated this analysis by using the less stringent cutoff B and cutoff C Fig. 3 P63 immunohistochemistry of ''pure tumor samples'' Breast cancer samples devoid of KRT14 expression as judged by microarray analyses (''pure tumor samples'', cutoff A from Fig. 2) were stained with antibodies against p63 and ER. Two serial sections stained for p63 (a) and ER (b), respectively, are given. In c, a higher magnification of a second sample stained for p63 is shown to demonstrate that the p63 antigen is detected in the nucleus. In line with microarray results, the phenotype of the tumors as determined by IHC was KRT14 -/KRT5 -/CAV1 -/AQP1 -, indicating the absence of normal myoepithelial cells. Counterstain: Mayer's hematoxylin from Fig. 2 thus including n = 674 and n = 1,045 samples, respectively (see Supplementary Figure S1). The results of Cox regression analysis according to p63 and standard parameters in endocrine-treated ER positive breast cancers are summarized in Table 1. Data are shown for ''pure tumor samples'' with low KRT14 expression according to all three cutoff values (Fig. 2a-c). In both of the larger cohorts, p63 expression displayed a predictive value in the endocrine treated group (P = 0.023 and P = 0.043 for cutoff B and C, respectively) but no significant prognostic value among the untreated samples (not shown). In contrast to these results from ''pure tumor samples'', analyzing the ''mixed tumor tissue samples'' using either KRT14 cutoff A, B, or C did not show differences in disease-free survival (Supplementary Figure S4A andB).

Correlation of p63 expression with standard clinical characteristics in ER positive breast cancers

We next analyzed whether p63 expression simply represents a surrogate marker for well known clinical parameters. ER positive ''pure tumor samples'' were stratified according to high or low p63 expression using a simple median split. This analysis was performed for all three cohorts corresponding to the KRT14 cutoffs A, B, and C. The clinical characteristics of the respective patients are given in Table 2. In the cohort of 612 breast cancers (KRT14 \ 0; cutoff A), no significant correlations were observed. In the larger cohorts, (Cutoff B and C for KRT14) high p63 expression was observed more frequently among younger patients (P \ 0.001) and HER2 positive patients (P \ 0.001). However, these associations would not explain the observed positive predictive value of p63.

Discussion

In this study, we have evaluated the role of p63 mRNA expression in ER positive breast cancer in a large scale microarray analysis. We found that ''contaminating'' benign tissue in ''mixed tumor tissue samples'' confounded the measurement of p63 expression. However, when restricting the analyses to the subset of ''pure tumor samples'' defined by low expression of KRT14, we were able to identify a subset of ER positive tumors still expressing p63. These tumors are characterized by a better prognosis than those without p63 expression among endocrine-treated patients (Table 1), while no prognostic value was observed for untreated patients. These clinical differences were not seen when the analyses were performed on the ''mixed tumor tissue samples'' suggesting that the confounding p63 expression in benign tissue in those samples precludes the correct identification of p63 expressing tumor cells.

In contrast to our results, studies of different solid tumor entities have shown that an overexpression of p63 is associated with poor clinical outcome. For instance, Iczkowski et al. demonstrated in the adenoid cystic/basal cell carcinoma of the prostate that p63 is highly overexpressed and linked to poor prognosis [START_REF] Czkowski | Adenoid cystic/basal cell carcinoma of the prostate: clinicopathologic findings in 19 cases[END_REF]. Moreover, p63 expression was found in highly aggressive ER negative basal-like breast cancer [START_REF] Sorlie | Gene expression patterns of breast carcinomas distinguish tumor subclasses with clinical implications[END_REF]. By analysis of various p63 isoforms, a few authors did demonstrate an overexpression of DNp63 in different cancers [START_REF] Hibi | AIS is an oncogene amplified in squamous cell carcinoma[END_REF][START_REF] Senoo | Transcriptional dysregulation of the p73L/p63/p51/p40/KET gene in human squamous cell carcinomas: expression of Delta Np73L, a novel dominant-negative isoform, and loss of expression of the potential tumour suppressor p51[END_REF]. The results of tumorigenicity assays indicate, that overexpression of DNp63 led to increased colony formation in vitro and increased tumor formation in nude mice [START_REF] Hibi | AIS is an oncogene amplified in squamous cell carcinoma[END_REF], suggesting an oncogenic role of this transcript variant [START_REF] Lin | DeltaNp63 protein expression in uterine cervical and endometrial cancers[END_REF][START_REF] Hibi | AIS is an oncogene amplified in squamous cell carcinoma[END_REF][START_REF] Senoo | Transcriptional dysregulation of the p73L/p63/p51/p40/KET gene in human squamous cell carcinomas: expression of Delta Np73L, a novel dominant-negative isoform, and loss of expression of the potential tumour suppressor p51[END_REF]. In contrast to these findings, a decreased TAp63 level was reported to be associated with poor clinical outcome in ductal and laryngeal squamous cell carcinomas [START_REF] Pruneri | p63 in laryngeal squamous cell carcinoma: evidence for a role of TA-p63 down-regulation in tumorigenesis and lack of prognostic implications of p63 immunoreactivity[END_REF][START_REF] Chen | Expression of p63 (TA and deltaN isoforms) in human primary well differentiated buccal carcinomas[END_REF]. In addition, Wang et al. were able to demonstrate an association between loss of p63 expression and progression of breast ductal carcinoma [START_REF] Wang | p63 expression in normal, hyperplastic and malignant breast tissues[END_REF]. Thus, our findings are more in agreement with these latter data on p63. Furthermore, the analyses presented here indicate a predictive rather than a prognostic value of p63. Thus, it could be suggested that the protein is involved in apoptotic response to anticancer drugs. Immunohistochemistry of various breast cancer samples positive for p63 expression reveals that only a The total numbers of patients with information on specific parameters differ subset of the tumor cells express the gene. Therefore, a direct implication of p63 in endocrine responsiveness of breast cancer cells is unlikely. An explanation for the predictive value of p63 might be that the scattered p63 positive tumor cells represent immature precursors. The further differentiation of these precursor cells into a p63 negative phenotype could be affected by endocrine treatment. Those cells with an impaired differentiation may than underwent apoptosis. In line with the assumption, that p63 is linked to an immature phenotype are a number of reports, suggesting that loss of p63 expression is required for the transition from a basal to a luminal differentiation [START_REF] Ribeiro-Silva | p63 correlates with both BRCA1 and cytokeratin 5 in invasive breast carcinomas: further evidence for the pathogenesis of the basal phenotype of breast cancer[END_REF]. Moreover, p63 knockout mice are not viable and have several developmental defects such as a lack of limbs, teeth and mammary glands, structures which emerge upon epidermal-mesenchymal interactions during embryonic development [START_REF] Mills | p63 is a p53 homologue required for limb and epidermal morphogenesis[END_REF].

Although the precise oncogenic potential of p63 remains to be elucidated, our data suggest that a prognostic value of p63 in ER positive breast cancers is only observed in endocrine treated samples. To date, the predictive importance of p63 has been analyzed only in a limited number of studies. Zangen et al. found, that high levels of DNp63 in primary tumors accurately predicted response to platinumbased chemotherapy and a favorable outcome in head and neck cancer patients [START_REF] Zangen | DeltaNp63alpha levels correlate with clinical tumor response to cisplatin[END_REF]. Previous studies have shown, that DNp63 isoforms acts as negative regulators of proapoptotic p53/p73-pathways [START_REF] Rocco | p63 mediates survival in squamous cell carcinoma by suppression of p73-dependent apoptosis[END_REF][START_REF] Deyoung | Tumor-specific p73 up-regulation mediates p63 dpendence in squamous cell carcinoma[END_REF][START_REF] Leong | The p63/p73 network mediates chemosensitivity to cisplatin in a biologically defined subset of primary breast cancers[END_REF]. The finding of a better prognosis of patients showing high p63 expression in our study seems not to be consistent with a model of an antiapoptotic function of p63. However, high p63 expression may indicate the presence of the p53/p73-pathway, which is subsequently engaged during antiestrogenic treatment. Future studies are needed to further clarify the role of p63 in predicting response to anticancer therapy.

Fig. 1

 1 Fig.1P63 isoforms and corresponding Affymetrix probesets. a Six different probesets for p63 are available on the Affymetrix U133A microarray. On the left side, for each probeset a '?' sign marks the respective p63 isoforms which are detected by the specific probeset. On the right side, the hybridization intensity of each probeset is shown in a panel of 1,600 breast cancer samples. The color bar indicates expression strength of targed sequences (in online color
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 45 Fig.4Prognostic value of p63 in ER positive of breast cancer ER positive breast cancer samples from the combined dataset were first categorized in ''pure tumor sample'' (KRT14 \ 0) or ''mixed tumor tissue samples'' (KRT14 C 0) as described above (cutoff A from Fig.2). The prognostic value of p63 in these subgroups was analyzed

  

Table 1

 1 Univariate cox regression analysis of DFS according to p63 and standard parameters in endocrine-treated ER positive breast cancers

	Breast Cancer Res Treat (2010) 122:765-775				
	Marker KRT14 \ cutoff A a KRT14 \ cutoff B KRT14 \ cutoff C	n b HR 95% CI P value* n b HR 95% CI P value* n b HR 95% CI P value*	Age [50 vs. B 50 109 vs. 4 0.81 0.19-3.33 0.76 223 vs. 13 0.76 0.30-1.87 0.88 335 vs. 23 0.66 0.33-1.31 0.24	Tumor size \2 cm vs. C 2 cm 34 vs. 79 0.56 0.29-1.25 0.17 71 vs. 164 0.43 0.24-0.79 0.006 131 vs. 226 0.39 0.24-0.64 <0.001	0.006 Lymph node status LNN vs. N1 92 vs. 64 0.66 0.38-1.15 0.14 192 vs. 125 0.56 0.37-0.84 0.005 283 vs. 188 0.61 0.42-0.87	0.043 Histological grading G3 vs. G1,G2 41 vs. 81 0.93 0.48-1.79 0.83 84 vs. 163 1.24 0.78-1.97 0.37 101 vs. 261 1.52 1.01-2.29	0.043 p63 Low vs. high 123 vs. 63 1.80 0.97-3.35 0.06 244 vs. 120 1.47 1.08-2.68 0.023 346 vs. 188 1.49 1.01-2.18	0.027 PgR Pos. vs. neg. 131 vs. 55 0.81 0.46-1.42 0.46 255 vs. 109 0.81 0.54-1.22 0.315 387 vs. 147 0.67 0.47-0.96	0.001 2.63 1.45-4.76 HER2 Pos. vs. neg 7 vs. 179 1.10 0.27-4.54 0.89 19 vs. 345 2.43 1.27-4.67 0.008 24 vs. 510	Among n = 186, n = 364, and n = 534 ''pure tumor samples'' with follow-up, respectively, identified using different cutoffs for low KRT14 expression)	a KRT14 cutoff according to Fig. 2	b Information on specific parameters was missing for different subsets of patients	* Significant P values are given in bold

Table 2

 2 Clinical characteristics of ER positive breast cancers according to high and low p63 expression

		P value			n.s.			n.s.			n.s.			\0.001			\0.001			n.s.			n.s.			
		p63 high			199	291		445	188		370	131		157 (55.3%)	292 (40.8%)		84 (65.6%)	811 (48.8%)		627	268		231	44		
	cutoff C	p63 low			219	414		502	247		429	179		127 (44.7%)	423 (59.2%)		44 (34.4%)	850 (51.2%)		613	281		168	39		
	Parameter a KRT14 \ cutoff A KRT14 \ cutoff B KRT14 \	Total p63 high P value Total p63 low p63 high P value Total p63 low	n = 963 n = 1789 n = 612	Tumor size	39 n.s. 229 131 98 n.s. 418 B2 cm 104 65	99 487 295 192 692 [2 cm 247 148	Lymph node status	136 n.s. 600 323 277 n.s. 947 LNN 290 154	60 300 181 119 435 N1 156 96	Grading	90 n.s. 480 282 198 n.s. 799 G1,2 239 149	44 234 138 96 310 G3 107 63	Age	31 n.s. 171 82 (48.0%) 89 (52.0%) 0.001 284 B50 70 39	99 476 298 (62.6%) 178 (37.4%) 715 [50 254 155	HER2	24 n.s. 87 33 (5.5%) 54 (9.0%) 0.025 128 Positive 42 18	282 1108 564 (50.9%) 544 (49.1%) 1661 Negative 570 288	PgR	185 n.s. 787 414 (52.6%) 373 (47.4%) 0.012 1240 Positive 392 207	121 408 183 (44.9%) 228 (55.1%) 549 Negative 220 99	Histology	93 n.s. 267 98 169 n.s. 399 Ductal 148 55	15 55 25 30 83 16 31 Non-ductal	= 1789 ''pure tumor samples'', respectively, identified using different cutoffs for low KRT14 expression = 963, and n = 612, n Among n	a
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