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A genetic variant in the pre-miR-27a oncogene is associated with a reduced familial breast cancer risk
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Introduction

MicroRNAs (miRNAs) are an abundant class of small endogenous noncoding RNAs (20-22 nt) that negatively regulate the target gene transcription through hybridization to incomplete complementary sequences in the 3 0 untranslated region of their target mRNAs. It results in either the degradation of target messenger RNAs or repression of their translation [START_REF] Bartel | MicroRNAs: genomics, biogenesis, mechanism, and function[END_REF][START_REF]The functions of animal microRNAs[END_REF]. MicroRNAs are initially transcribed from genomic DNA to long primary transcripts (pri-miRNAs) and then are cleaved by nuclear Drosha into 60-70 nt hairpin-shaped precursor RNAs (pre-miRNAs) [START_REF] Lee | MicroRNA maturation: stepwise processing and subcellular localization[END_REF][START_REF] Lee | The nuclear RNase III Drosha initiates microRNA processing[END_REF]. Pre-miRNAs are exported to the cytoplasm by Exportin-5 and are further processed into *22 nt mature miRNA duplexes by the cleavage of Dicer [START_REF] Lund | Nuclear export of microRNA precursors[END_REF][START_REF] Hutvagner | A cellular function for the RNA-interference enzyme Dicer in the maturation of the let-7 small temporal RNA[END_REF][START_REF] Ketting | Dicer functions in RNA interference and in synthesis of small RNA involved in developmental timing in C. elegans[END_REF]. In association with RNA-induced silencing complex (RISC), one strand of the miRNA duplex matches target mRNA sequence in the 3 0 un-translated regions. This binding finally leads to the degradation of the mRNAs or the inhibition of their translation and consequently down-regulates the expression of the protein [START_REF] Martinez | Single-stranded antisense siRNAs guide target RNA cleavage in RNAi[END_REF][START_REF] Schwarz | Evidence that siRNAs function as guides, not primers, in the Drosophila and human RNAi pathways[END_REF]. As miRNAs can regulate multiple target mRNAs, they have been identified to be crucial in the process of immune system regulation, hematopoiesis, angiogenesis, cell development, cell proliferation, differentiation, and apoptosis [START_REF] Baltimore | MicroRNAs: new regulators of immune cell development and function[END_REF][START_REF] Brennecke | Bantam encodes a developmentally regulated microRNA that controls cell proliferation and regulates the proapoptotic gene hid in Drosophila[END_REF][START_REF] Chang | Transactivation of miR-34a by p53 broadly influences gene expression and promotes apoptosis[END_REF][START_REF] Calin | MiR-15a and miR-16-1 cluster functions in human leukemia[END_REF][START_REF] Dews | Augmentation of tumor angiogenesis by a Myc-activated micr-oRNA cluster[END_REF][START_REF] Xiao | MicroRNA control in the immune system: basic principles[END_REF]. Elevated or decreased expression of miRNAs has been found in various tumor types. Some miRNAs thereby have been considered as tumor suppressors or oncogenes [START_REF] Johnson | RAS is regulated by the let-7 microRNA family[END_REF][START_REF] He | A microRNA polycistron as a potential human oncogene[END_REF][START_REF] O'donnell | c-Myc-regulated microRNAs modulate E2F1 expression[END_REF]. They are shown to be involved in cancer initiation and progression by suppression and the expression of cancerrelated genes [START_REF] Esquela-Kerscher | Oncomirs-microRNAs with a role in cancer[END_REF]. Furthermore, miRNA expression profiles can be molecular markers for cancer diagnosis and therapy [START_REF] Calin | MicroRNA signatures in human cancers[END_REF][START_REF] Lu | MicroRNA expression profiles classify human cancers[END_REF].

Breast cancer is the leading cause of cancer-related death in women and next to lung cancer, the second most common cancer in the world [START_REF] Parkin | Global cancer statistics, 2002[END_REF]. Up to 10% of women, who are diagnosed with breast cancer, report a family history [START_REF] Hopper | Genetic epidemiology of female breast cancer[END_REF][START_REF] Narod | Modifiers of risk of hereditary breast and ovarian cancer[END_REF]. According to the polygenic model of inherited breast cancer, unfavorable combinations of polymorphic genetic variants in low-penetrance susceptibility genes contribute to the excess familial breast cancer risk. Most of these susceptibility genes have not been discovered yet [25,[START_REF] Pharoah | Polygenic susceptibility to breast cancer and implications for prevention[END_REF].

It is suggested that miRNA mutations or mis-expressions correlate with various human cancer risks [START_REF] Esquela-Kerscher | Oncomirs-microRNAs with a role in cancer[END_REF]. Although the single nucleotide polymorphisms (SNPs) in miRNAs target sites have been studied [START_REF] Tchatchou | A variant affecting a putative miRNA target site in estrogen receptor (ESR) 1 is associated with breast cancer risk in premenopausal women[END_REF][START_REF] Landi | Polymorphisms within micro-RNA-binding sites and risk of sporadic colorectal cancer[END_REF][START_REF] Kapeller | First evidence for an association of a functional variant in the microRNA-510 target site of the serotonin receptortype 3E gene with diarrhea predominant irritable bowel syndrome[END_REF], the effects of SNPs in miRNAs remain largely unknown. It motivated us to explore polymorphisms in the breast cancer-related miRNA genes and investigate their associations with familial breast cancer risk.

In our study, we selected 11 miRNAs from the literature (miR-373, miR-520c, miR-126, miR-335, miR-10b, let-7a-1, let-7a-2, let-7a-3, miR-27a, miR-21, and miR-145). All the 11 miRNAs have been reported to be associated with breast cancer initiation, progression, and metastasis and with known mechanisms [START_REF] Tavazoie | Endogenous human microRNAs that suppress breast cancer metastasis[END_REF][START_REF] Ma | Tumour invasion and metastasis initiated by microRNA-10b in breast cancer[END_REF][START_REF] Yu | let-7 regulates self renewal and tumorigenicity of breast cancer cells[END_REF][START_REF] Huang | The microRNAs miR-373 and miR-520c promote tumour invasion and metastasis[END_REF][START_REF] Lu | Hypermethylation of let-7a-3 in epithelial ovarian cancer is associated with low insulin-like growth factor-II expression and favorable prognosis[END_REF][START_REF] Sempere | Altered microRNA expression confined to specific epithelial cell subpopulations in breast cancer[END_REF][START_REF] Mertens-Talcott | The oncogenic microRNA-27a targets genes that regulate specificity protein transcription factors and the G2-M checkpoint in MDA-MB-231 breast cancer cells[END_REF][START_REF] Frankel | Programmed cell death 4 (PDCD4) is an important functional target of the microRNA miR-21 in breast cancer cells[END_REF]. We systematically scanned for SNPs located in these breast cancer-relevant miRNA genes (including pre-miRNAs and about ±200 bp flanking regions) by sequencing these regions, and then investigated the four most promising SNPs which were selected according to the defined criteria in a large German familial study cohort. Our analysis revealed that the [G] allele of SNP rs895819, located in pre-miR-27a oncogene, has a significant association with a reduced familial breast cancer risk.

Materials and methods

Study population

Our study cohort contains 1,217 German familial breast cancer (BC) patients and 1,422 unrelated healthy German women. The breast cancer index cases were tested BRCA1/2 mutation-negative by applying mutational screening on all exons with denaturing high performance liquid chromatography (DHPLC), and followed by direct sequencing of conspicuous exons [START_REF] Meindl | Comprehensive analysis of 989 patients with breast or ovarian cancer provides BRCA1 and BRCA2 mutation profiles and frequencies for the German population[END_REF]. All the 1,217 familial breast cancer cases are BRCA1 and BRCA2 mutation negative. In the case group, 115 patients had bilateral breast cancer and were considered as a subgroup. The BC samples were collected during the years 1997-2007 by seven centers of the German Consortium for Hereditary Breast and Ovarian Cancer (centres of Heidelberg, Wu ¨rzburg, Cologne, Kiel, Du ¨sseldorf, Munich, and Berlin, see authors' affiliations). German index patients were first diagnosed with breast cancer and then referred to a family registry. The informed consent for the study was given to all the breast cancer patients. About 3% of patients refused to donate their blood samples for research purposes.

The control population included unrelated healthy female blood donors collected by the German Red Cross Blood Service of Baden-Wuerttemberg-Hessia and Institute of Transfusion Medicine and Immunology (Mannheim), sharing the same ethnic background with the breast cancer patients (Caucasian/German population). All of the control population are healthy when they donated their blood, and none of them has a reported familial history of breast cancer. Age distributions in controls and breast cancer cases were similar (controls: mean age 45.8 years, median age 49 years, range from 18 to 68 years; cases: mean age 46.2 years, median age 46 years, range from 19 to 87 years). The controls were randomly selected during the years 2004-2007 for this study, and no further inclusion criteria were applied during recruitment. This study was approved by the Ethics Committee of the University of Heidelberg (Heidelberg, Germany). According to the German guidelines for blood donation, all blood donors were examined by a standard questionnaire. The informed consent for this study was given to all the participants. About 5% of blood donors refused to use their blood samples for research purposes.

SNP verification and sequencing

Breast cancer-related 11 miRNA genes were selected from the literature. In order to verify annotated single SNPs from the SNP database (NCBI) and to identify potential new SNPs, 11 miRNA genes, including pre-miRNAs and about ±200 bp flanking regions, were amplified by the standard PCR (in order to unfold the secondary structure of miR-NAs, 5% DMSO was added to the PCR buffer). Owing to high homology with other genomic regions, specific primer design was not possible for miR-520c. Thus, miR-520c was not further analyzed. PCR products were purified with the ExoSAP-IT purification kit (USB Corp.) and were then sequenced in one of the directions by the 3130XL Genetic Analyzer (Applied Biosystems). Sequencing results were analyzed with Sequencing Analysis 5.2 software (Applied Biosystems). As a result, 10 SNPs were verified in these segments. Sequences of primers are available upon request.

Genotyping

According to our defined criteria, five out of 10 SNPs (rs12983273 located 127 bp upstream of pre-miR-373, rs4636297 located 12 bp downstream of miR-126, rs7310 85 located 63 bp downstream of pre-let-7a-3, rs3807348 located 62 bp downstream of pre-miR-335, and rs895819 in the pre-miR-27a, Table 1) were selected for further investigation for their putative influence on breast cancer risk. The three SNPs, rs12883273, rs731085, and rs3807348 were analyzed by the method of TaqMan allelic discrimination. However, the TaqMan assay performance of rs4636297 in miR-126 could not be improved even when adding DMSO, formamide, or alternating the temperature profile. The SNP rs895819 could not be analyzed by TagMan assay due to failed primer and probe design. As rs895819 is the only SNP located within the pre-miRNA, which we were especially interested in, we genotyped this SNP by sequencing as describe above. Primers and Taq-Man MGB probes were purchased from Applied Biosystems (Foster City, CA). Genomic DNA of 5 ng was used for each reaction. PCR cycling conditions were as follows: 50°C for 2 min, 95°C for 10 min, and 45-50 cycles of (92°C, 15 s, and 60°C, 60 s). Samples were analyzed with SDS 1.2 software (Applied Biosystems) in ABI Prism 7900HT detection system. The TaqMan SNP assay results were validated by regenotyping 10% of all the samples. The concordance rate was 100%. Sequences of primers and probes are available upon request.

Statistical analysis

Hardy-Weinberg equilibrium test was undertaken using the chi-square ''goodness-of-fit'' test by a tool from the Institute of Human Genetics, Technical University Munich, Munich, Germany (http://ihg.gsf.de/cgi-bin/hw/hwa1.pl). Genotypespecific odds ratios (OR), 95% confidence intervals (CI), and P values were computed by unconditional logistic regression with SAS version 9.1 (SAS Institute Inc., Cary, NC). Age, treated as a continuous variable was included in the regression as covariate. P values were calculated using two-sided chi-square test. The power (a = 0.05) was calculated using the power and sample size calculation software PS version 2.1.31 (http://www.mc.vanderbilt.edu/prev med/ps/index.htm) [START_REF] Dupont | Power and sample size calculations for studies involving linear regression[END_REF]. SNPs linked with all the 10 SNPs (Table 1) with r 2 C 0.8 and block definition were identified using HaploView version 3.32 (http://www.broad.mit.edu/ mpg/haploview). The linked SNPs' breast cancer associations were further verified whether they had been analyzed by the Cancer Genetic Markers of Susceptibility genome wide association study (CGEMS) (https://caintegrator.nci. nih.gov/cgems/browseSetup.do).

Results

We performed a systematic literature and database search in NCBI and found 11 miRNAs (miR-373, miR-520c, miR-126, miR-335, miR-10b, let-7a-1, let-7a-2, let-7a-3, miR-27a, miR-21, miR-145) to be involved in breast cancer with known mechanisms [START_REF] Tavazoie | Endogenous human microRNAs that suppress breast cancer metastasis[END_REF][START_REF] Ma | Tumour invasion and metastasis initiated by microRNA-10b in breast cancer[END_REF][START_REF] Yu | let-7 regulates self renewal and tumorigenicity of breast cancer cells[END_REF][START_REF] Huang | The microRNAs miR-373 and miR-520c promote tumour invasion and metastasis[END_REF][START_REF] Lu | Hypermethylation of let-7a-3 in epithelial ovarian cancer is associated with low insulin-like growth factor-II expression and favorable prognosis[END_REF][START_REF] Sempere | Altered microRNA expression confined to specific epithelial cell subpopulations in breast cancer[END_REF][START_REF] Mertens-Talcott | The oncogenic microRNA-27a targets genes that regulate specificity protein transcription factors and the G2-M checkpoint in MDA-MB-231 breast cancer cells[END_REF][START_REF] Frankel | Programmed cell death 4 (PDCD4) is an important functional target of the microRNA miR-21 in breast cancer cells[END_REF]. In order to identify potential new SNPs as well as to verify the annotated SNPs from the NCBI SNP database in these segments, we sequenced these 10 pre-miRNA genes in a sample set of more than 100 randomly chosen familial breast cancer cases. We found 10 SNPs in six pre-miRNAs or their flanking regions (miR-373, miR-226, miR-335, miR-10b, let-7a-3, and miR-27a, Table 1); evaluation of miR-520c failed because of high homology with other genomic regions making specific primer design impossible. No SNPs were found in the other four pre-miRNAs or their flanking regions (miR-21, miR-145, let-7a-1, and let-7a-2, Table 1).

In order to determine the most interesting candidates for the investigation of breast cancer risk, we analyzed 200 kb flanking regions of all the 10 SNPs, including the haplotype blocks of these SNPs by HaploView. We further investigated whether the SNPs themselves and their linkage SNPs (r 2 C 0.8) had been analyzed, so far, by the Cancer CGEMS. The CGEMS is a whole-genome association study conducted by the National Cancer Institute (NCI) enterprise to identify breast cancer susceptibility genes using Illumina HumanHap550 assays on approximately 1,200 breast cancer patients and 1,200 control subjects. If the SNPs or their linkage SNPs (r 2 C 0.8) have been analyzed in CGEMS and didn't show any indication for a possible association with breast cancer (P value of allele or genotype comparison between cases and controls is larger than 0.2), they were excluded from further analysis. This was the case for SNP rs1867863. Furthermore, SNPs with a rare homozygote frequency of less than 1% were also excluded due to the limited power of the study. Base on these criteria, 5 SNPs (rs12983273 located 127 bp upstream of pre-miR-373, rs4636297 located 12 bp downstream of miR-126, rs731085 located 63 bp downstream of pre-let-7a-3, rs3807348 located 62 bp downstream of pre-miR-335 and rs895819 in the pre-miR-27a) were identified (Table 1).

Genotype analysis of these SNPs was performed first on genomic DNA of a subset of our study cohort, which contains BRCA1/2 mutation-negative index patients from 797 German breast cancer families with a mean age of 45.8 years, and 758 unrelated German control individuals with a mean age of 48 years. The TaqMan assay performance of rs4636297 in miR-126 failed and could not be improved even with adding DMSO, formamide or alternating the temperature profile, and thus, was not considered for further investigation. All of the samples sequenced previously were genotyped again by the TaqMan assay and attained concordance rates of 100%. As rs895819 showed a significant association with familial breast cancer, this SNP was further analyzed on an enlarged sample set (in total 1,217 familial breast cancer cases versus 1,422 controls; see materials and methods). In the investigation of rs895819 on the whole sample set, we reached a 97.7% callrate in cases (1,189) and a 99.5% callrate in controls [START_REF] Bartel | MicroRNAs: genomics, biogenesis, mechanism, and function[END_REF]416). Genotype distributions in controls and cases were consistent with the Hardy-Weinberg equilibrium (HWE). In all the SNPs analyzed, the P value is larger than 0.05. The TaqMan assay results were validated by regenotyping 10% of all the samples attaining concordance rates of more than 99.5% for all the investigated SNPs.

Genotype frequencies of rs12983273, rs731085, and rs3807348 were similar between familial breast cancer cases and control samples, showing no association with familial breast cancer (Table 2). The analysis of the polymorphism rs895819, which is the only SNP located in the pre-miRNA, revealed a significant association with familial breast cancer. The rare G-variant allele was less frequent in cases than in controls ([G] vs. [A]: OR = 0.88, 95% CI 0.78-0.99, P = 0.0287; P trend = 0.0288, Table 2).

The age stratification (age \ 50 years and C50 years) showed that the protective effect of the [G] allele of rs895819 was mainly in the younger age group (\50 years of age) with slightly more decreased risk ([G] vs. [A]: OR = 0.83, 95% CI 0.70-0.98, P = 0.0314; P trend = 0.0336, Table 3). In contrast, in the older age group (C50 years of age), the genotype frequencies of rs895819 showed no significant association with familial breast cancer (Table 3). In the subgroup of bilateral familial breast cancer cases, the protective effect was even slightly stronger ([G] vs. [A]: OR = 0.70, 95% CI 0.52-0.95, P = 0.0238; P trend = 0.0215, Table 3).

Discussion

In recent studies, increasing evidences suggest that miR-NAs are crucial factors in cancer progress as oncogenes or tumor suppressors by degradation of the target mRNAs and/or inhibition of their translation [START_REF] Zhang | MicroRNAs as oncogenes and tumor suppressors[END_REF]. MicroRNAs are also considered to be potential biomarkers and therapeutic targets in human cancers [START_REF] Osaki | MicroRNAs as biomarkers and therapeutic drugs in human cancer[END_REF]. Variations in expression of miRNAs have been reported to be related to many tumors including breast cancer [START_REF] Calin | MicroRNA signatures in human cancers[END_REF][START_REF] Lu | MicroRNA expression profiles classify human cancers[END_REF], and miRNAs are also involved in breast cancer progress [START_REF] Verghese | Small is beautiful: microRNAs and breast cancer-where are we now?[END_REF]. Differential miR-NA expression could be caused by sequence variations, such as mutations and SNPs. So far, SNPs in the miRNA target sites have been widely studied [START_REF] Tchatchou | A variant affecting a putative miRNA target site in estrogen receptor (ESR) 1 is associated with breast cancer risk in premenopausal women[END_REF][START_REF] Landi | Polymorphisms within micro-RNA-binding sites and risk of sporadic colorectal cancer[END_REF][START_REF] Kapeller | First evidence for an association of a functional variant in the microRNA-510 target site of the serotonin receptortype 3E gene with diarrhea predominant irritable bowel syndrome[END_REF], but the association between SNPs in miRNAs and familial breast cancer risk remains still largely unknown.

Our study is focused on the SNPs in the breast cancerrelated miRNAs. In addition to affecting the target hybridization [START_REF] Tchatchou | A variant affecting a putative miRNA target site in estrogen receptor (ESR) 1 is associated with breast cancer risk in premenopausal women[END_REF], a mutation or a SNP in a miRNA gene may also have an impact on the transcription and/or procession of the pri-and pre-miRNAs [START_REF] Wu | Genetic variations of microRNAs in human cancer and their effects on the expression of miRNAs[END_REF]. Thus, we took the pre-miRNAs and their flanking regions (about ±200 bp) into consideration. Furthermore, as the mutations in BRCA1 and BRCA2 account for approximately 30% of familial breast cancer cases in Germany [START_REF] Meindl | Comprehensive analysis of 989 patients with breast or ovarian cancer provides BRCA1 and BRCA2 mutation profiles and frequencies for the German population[END_REF], only BRCA1/2 mutation-negative familial breast cancer cases were included in our study to rule out the influence of the disease-associated mutations. Given our sample size, we obtained a power of 80% (a = 0.05) to detect an OR of 0.80 for SNP rs895819, not considering the usage of familial cases. The power of an association study based on familial cases was even about two times higher than that of unselected cases [START_REF] Houlston | The future of association studies of common cancers[END_REF][START_REF] Antoniou | Polygenic inheritance of breast cancer: implications for design of association studies[END_REF].

The three SNPs located in the pre-miRNA flanking regions (rs12983273 located 127 bp upstream of pre-miR-373, rs731085 located 63 bp downstream of pre-let-7a-3, rs3807348 located 62 bp downstream of pre-miR-335, rs895819 in the pre-miR-27a, Table 1), did not show a significant association with familial breast cancer. However, the [G] allele of rs895819 in the pre-miR-27a oncogene was associated with a decreased breast cancer risk. This effect was even stronger in the subgroup of \50 years of age and in bilateral familial breast cancer cases with slightly decreased respective ORs, whereas no significant effect was observed in the C50 years of age group. The potential age-or hormone-related effect is discussed later in this section. In bilateral breast cancer cases (a second primary tumor in the contralateral breast), it is believed that the underlying ''mutation'' is not limited to the epithelial cells of one breast but rather systemic variation [START_REF] Weitzel | A comparison of bilateral breast cancers in BRCA carriers[END_REF]. Bilateral breast cancer is considered to have a strong genetic background [START_REF] Greene | Genetics of breast cancer[END_REF]. Thus, the SNP effect is expected to be stronger in this subgroup. However, due to the limited samples size of bilateral cases, it is also possible that the association of rs895819 with reduced bilateral breast cancer risk was detected by chance. The SNP rs895819 is located in the loop of pre-miR-27a. In order to investigate whether this variation might alter the secondary structure of the pre-miR-27a, we used the RNAfold program [START_REF] Markham | DINAMelt web server for nucleic acid melting prediction[END_REF] (http://www.bioinfo.rpi.edu/ applications/hybrid/) to predict the most stable secondary structure of both wild-type and variant. According to the prediction of the RNAfold program, the [G] variant of rs895819 affected neither the pre-miR-27a's conformation nor the free energy (data not shown). It has been suggested that a mutation causing structural change in the crucial region of miRNA could affect the maturation and the process of miRNA [START_REF] Jazdzewski | Common SNP in pre-miR-146a decreases mature miR expression and predisposes to papillary thyroid carcinoma[END_REF][START_REF] Hu | Genetic variants of miRNA sequences and non-small cell lung cancer survival[END_REF][START_REF] Duan | Single nucleotide polymorphism associated with mature miR-125a alters the processing of pri-miRNA[END_REF]. Furthermore, Wu et al. found that even some SNPs with no influence on miRNA secondary structure can affect the expression of miRNA through some unclear mechanism, suggesting that the processing and maturation of miRNA is more complex and subtle than predicted [START_REF] Wu | Genetic variations of microRNAs in human cancer and their effects on the expression of miRNAs[END_REF]. Zeng et al. suggested that Drosha selectively cleaves RNA hairpins bearing a large terminal loop. When the loop is shortened by mutation or deletions, the maturation process will be harmed [START_REF] Zeng | Recognition and cleavage of primary microRNA precursors by the nuclear processing enzyme Drosha[END_REF]. In their study, an A-G mutation was introduced to the terminal loop of miR-27a. As a result, reduced productions of both pre-miRNA-27a and mature miRNA-27a were observed when the size of the terminal loop was reduced by the new bonds formed by mutations [START_REF] Zeng | Recognition and cleavage of primary microRNA precursors by the nuclear processing enzyme Drosha[END_REF]. According to the predicted structure of miR-27a, rs895819 is located in the center of the terminal loop. The [A]-[G] variant of rs895819 may result in an additional C-G binding with a [C] allele in the loop, which will probably reduce the size of the loop. Consequently the cleavage by Drosha would be blocked, and the maturation process is thereby inhibited. Piskounova et al. showed that some Drosha inhibitors such as Lin28, selectively bind to the terminal loop region of miRNA precursors and mediate the miRNA procession [START_REF] Piskounova | Determinants of microRNA processing inhibition by the developmentally regulated RNAbinding protein Lin28[END_REF][START_REF] Newman | Lin-28 interaction with the Let-7 precursor loop mediates regulated microRNA processing[END_REF]. Thus, it is also possible that the [A]-[G] variant changes the binding affinity of some Drosha inhibitors and consequently affects the processing of miR-27a. In conclusion, we hypothesize that rs895819 may play an important role in the maturation of miR-27a. However, this hypothesis needs to be tested.

By means of the mRNA target gene prediction database (http://microrna.sanger.ac.uk/), we found more than 1,000 target genes of miR-27a, including some cancer-related genes, such as aspartate-specific cysteine protease (CASP8) [START_REF] Sun | A six-nucleotide insertion-deletion polymorphism in the CASP8 promoter is associated with susceptibility to multiple cancers[END_REF], mutL homolog 1(MLH1), vascular endothelial growth factor C (VEGFC), and BCL2-associated X protein (BAX). Scott et al. found that the transcription of ZBTB10 is upregulated after miR-27a antisense transfection [START_REF] Scott | Rapid alteration of microRNA levels by histone deacetylase inhibition[END_REF]. In consistence with this result, Mertens-Talcott et al. [START_REF] Mertens-Talcott | The oncogenic microRNA-27a targets genes that regulate specificity protein transcription factors and the G2-M checkpoint in MDA-MB-231 breast cancer cells[END_REF] suggested that transfection of antisense miR-27a results in increased expression of ZBTB10 mRNA (a SP1 suppressor) and consequently decreases the expression of specificity proteins, SP1, SP3 and SP4, which are overexpressed in tumors and contribute to the proliferative and angiogenic phenotype of cancer cells. Moreover, the transfection of antisense miR-27a was also accompanied by decreased expression of Sp-dependent survival and angiogenic genes, such as survivin, vascular endothelial growth factor (VEGF), and VEGF receptor 1 (VEGFR1) [START_REF] Mertens-Talcott | The oncogenic microRNA-27a targets genes that regulate specificity protein transcription factors and the G2-M checkpoint in MDA-MB-231 breast cancer cells[END_REF]. Mertens-Talcott et al. [START_REF] Mertens-Talcott | The oncogenic microRNA-27a targets genes that regulate specificity protein transcription factors and the G2-M checkpoint in MDA-MB-231 breast cancer cells[END_REF] also found the transfection of antisense miR-27a increases Myt-1 mRNA levels and enhances phosphorylation of cdc2. Thus, the percentage of cells in G 2 -M was consequently increased. Other studies also found that the suppression of miR-27a can inhibit gastric cancer cell growth [START_REF] Liu | MicroRNA-27a functions as an oncogene in gastric adenocarcinoma by targeting prohibitin[END_REF] and overexpression of miR-27a increases the fat accumulation and cell proliferation of Hepatic stellate cells [START_REF] Ji | Overexpressed microRNA-27a and 27b influence fat accumulation and cell proliferation during rat hepatic stellate cell activation[END_REF]. Therefore, miR-27a is considered as an oncogene. Our results consistently, showed that the wild genotype [AA] had higher frequency in cases than in controls, whereas the variant [G] allele reduced the risk of miR-27a. We propose that the [G] allele of rs895819 attenuates the maturation process of oncogenic miR-27a.

Several reports demonstrated that SP1 and other Sp proteins play an important role in regulation of 17b-estradiol (E 2 )-dependent genes in breast cancer cell lines and in many other cell-types [START_REF] Safe | Sp transcription factor family and its role in cancer[END_REF][START_REF] Safe | Nuclear receptor-mediated transactivation through interaction with Sp proteins[END_REF]. The 17b-estradiol (E 2 )dependent interaction of estrogen receptor (ER) and Sp proteins modulates the activation of a cluster of genes [START_REF] Stoner | Estrogen regulation of vascular endothelial growth factor gene expression in ZR-75 breast cancer cells through interaction of estrogen receptor alpha and SP proteins[END_REF][START_REF] Porter | Functional synergy between the transcription factor Sp1 and the estrogen receptor[END_REF], for example, c-fos, IGF-binding protein 4 (IGFBP-4), B-cell lymphoma 2 (Bcl2), E2F transcription factor 1 (E2F1), vascular endothelial growth factor (VEGF) and cyclin D1 [START_REF] Safe | Non-classical genomic estrogen receptor (ER)/specificity protein and ER/activating protein-1 signaling pathways[END_REF]. A recent study reported that Sp proteins are involved in the estrogen-induced transcription of BRCA1 [START_REF] Hockings | Involvement of a specificity proteins-binding element in regulation of basal and estrogen-induced transcription activity of the BRCA1 gene[END_REF]. As the expression of Sp proteins is regulated by miR-27a [START_REF] Mertens-Talcott | The oncogenic microRNA-27a targets genes that regulate specificity protein transcription factors and the G2-M checkpoint in MDA-MB-231 breast cancer cells[END_REF], it may explain why the protective impact of the rs895819 variant in pre-miR-27a was predominantly observed in premenopausal woman.

Furthermore, the expression of P-glycoprotein and MDR1 mRNA is decreased by the treatment of multidrug resistant (MDR) cancer cell lines with the antago-miRs of miR-27a, which is accompanied by enhanced intracellular accumulation of cytotoxic drugs that are transported by P-glycoprotein [START_REF] Zhu | Role of microRNA miR-27a and miR-451 in the regulation of MDR1/P-glycoprotein expression in human cancer cells[END_REF]. It suggests that the rs895819 variant might influence the therapeutic outcome. A report from Japan found the frequency of [G] allele of rs895819 to be increased in males with peptic ulcer or severe mucosal atrophy compared to control individuals [START_REF] Arisawa | A polymorphism of microRNA 27a genome region is associated with the development of gastric mucosal atrophy in Japanese male subjects[END_REF], which is the opposite direction we have observed in our study. The study showed no significant association in the whole study population and female subgroup, whereas a borderline significant was found in the male subgroup [START_REF] Arisawa | A polymorphism of microRNA 27a genome region is associated with the development of gastric mucosal atrophy in Japanese male subjects[END_REF].As their investigated sample set was small (23 male controls and 91 male cases), their detected genotype frequency might not be representative. On the contrary, their result suggested a difference between male and female and indicated the possible gender specific effect of rs895819. It is the same as we hypothesized that miR-27a might be involved in the estrogen dependent pathway.

Our study systematically focused on SNPs located in breast cancer-related miRNAs. Recent studies have found more miRNAs involved in progression of breast cancer [START_REF] Wu | Suppression of cell growth and invasion by miR-205 in breast cancer[END_REF][START_REF] Shen | Novel genetic variants in microRNA genes and familial breast cancer[END_REF]. Under strong selections, hundreds of miRNA genes have been found in various species, and many miRNA genes are highly conserved [START_REF]The functions of animal microRNAs[END_REF]. Thus, SNPs, especially SNPs with allele frequency larger than 5% are underrepresented in miRNAs. Because of the limited sample size of our study, we only investigated SNPs with an allele frequency [ 5%. As the miRNAs have important biological functions, it would be of great relevance to investigate the SNPs in the miRNAs. Although some of the very rare mutations or SNPs are more likely to be already deleterious in earlier disease, it would be also interesting to investigate all SNPs and mutations within miRNAs, especially the ones in the miRNA 'seed' regions, for a putative effect on cancer risk. Owing to the rare frequency of these variants within miRNAs, very large study populations are required, which can only be achieved in multicenter collaborations.

In summary, we found that the [G] allele of rs895819, located in the terminal loop of in pre-miR-27a oncogene, is associated with reduced familial breast cancer risk. However, large studies from multicenter studies will be necessary to verify the association.

Table 1

 1 Searching for SNPs in breast cancer-related miRNAs in German familial breast cancer cases by sequencing

	SNP a	Genotypes Sequencing	Distance to the	Genotype	CGEMS data d	Linkage SNPs
			results (%) b	pre-miRNA (bp)	frequencies		in 200 kb
					in NCBI c		flanking region
	rs12983273 miR-373 GG	Not sequenced -127	GG = 0.76	Not investigated No linkage SNPs
		GA			GA = 0.37		with r 2 [ 0.8
		AA			AA = 0.08		
	rs10425222 miR-373 CC	116 (93.5)	?172	CC = 0.93	Not investigated rs4619513, r 2 = 1.0
		AC AA	8 (6.5) 0 (0)		AC = 0.07		not been investigated by CGEMS
	New SNP miR-373	CC	115 (92.7)	?114	*	Not investigated *
		CT	9 (7.3)				
		TT	0 (0)				
	rs4636297 miR-126	GG	50 (43.9)	?12	*	Not investigated *
		GA	45 (39.5)				
		AA	19 (16.7)				
	rs3807348 miR-335	AA	60 (40.3)	?62	*	Not investigated *
		AG	57 (38.3)				
		GG	32 (21.5)				
	rs41272366 miR-335 TT	145 (97.3)	?20	*	Not investigated *
		TA	4 (2.7)				
		AA	0 (0)				
	rs1867863 miR-10b	GG	51 (36.7)	-61	GG = 0.41	Not investigated rs4972806, r 2 = 0.89,
		GT	66 (47.5)		GT = 0.47		P = 0.31 by CGEMS
		TT	22 (15.8)		TT = 0.12		
	rs731085 let-7a-3	CC	45 (39.1)	?63	No Caucasian data Not investigated *
		CG	53 (46.1)				
		GG	17 (14.8)				
	rs895819 miR-27a	AA	53 (49.5)	In pre-miRNA-27a GG = 0.55	Not investigated *
		AG	40 (37.4)		AG = 0.37		
		GG	14 (13.1)		AA = 0.08		
	rs11671784 miR-27a	CC	102 (95.3)	In pre-miRNA-27a *	Not investigated *
		CT	5 (4.7)				
		TT	0				
	miR-21	*	100	*	*	*	*
	miR-145	*	117	*	*	*	*
	let-7a-1	*	144	*	*	*	*
	let-7a-2	*	97	*	*	*	*

Table 2

 2 Genotype frequencies of SNPs in selected miRNAs in German study population

	SNP	Genotypes	Case (%)	Control (%)	OR	95% CI	P
	miR-373 rs12983273	CC	566 (73.7)	540 (73.3)	1.000		
		CT	184 (24.0)	175 (23.7)	1.008	0.794-1.280	0.9477
		TT	18 (2.3)	22 (3.0)	0.854	0.451-1.619	0.6295
		[T] vs. [C]			0.947	0.795-1.193	0.7969
							P trend = 0.8009 a
	miR-335 rs3807348	AA	257 (32.9)	234 (31.8)	1.000		
		AG	373 (47.8)	368 (50.0)	0.917	0.729-1.153	0.4564
		GG	150 (19.2)	134 (18.2)	1.015	0.756-1.361	0.9224
		[G] vs. [A]			0.994	0.860-1.149	0.9372
							P trend = 0.9374 a
	let 7a-3 rs731085	GG	306 (39.2)	308 (42.2)	1.000		
		GC	365 (46.7)	324 (44.4)	1.125	0.904-1.400	0.2911
		CC	110 (14.1)	97 (13.3)	1.152	0.839-1.583	0.3827
		[C] vs. [G]			1.087	0.936-1.261	0.2741
							P trend = 0.2780 a
	miR-27a rs895919	AA	576 (48.4)	605 (42.7)	1.000		
		AG	486 (40.9)	660 (46.6)	0.774	0.657-0.911	0.0021
		GG	127 (10.7)	151 (10.7)	0.883	0.680-1.148	0.3543
		[G] vs. [A]			0.878	0.781-0.987	0.0287
							P trend = 0.0288

a Adjusted for age; all analyses done with SAS Version 9.1 Proc Logistic a Chi-square test for trend

Table 3

 3 Genotype frequencies of rs895819 within pre-miRNA-27a in familial breast cancer subgroups

	SNP	Genotypes	Case (%)	Control (%)	OR	95% CI	P
	miR-27a rs895919 age C 50	AA	173 (45.4)	302 (43.5)	1.000		
		AG	167 (43.8)	319 (46.0)	0.915	0.701-1.193	0.5106
		GG	41 (10.8)	73 (10.5)	0.984	0.642-1.507	0.9397
		[G] vs. [A]			0.965	0.799-1.165	0.7099
							P trend = 0.7072 a
	miR-27a rs895919 age \ 50	AA	403 (49.9)	303 (42.0)	1.000		
		AG	319 (39.5)	341 (47.2)	0.735	0.579-0.932	0.0109
		GG	86 (10.6)	78 (10.8)	0.785	0.536-1.149	0.2132
		[G] vs. [A]			0.830	0.701-0.984	0.0314
							P trend = 0.0336 a
	miR-27a rs895919 bilateral	AA	61 (54.0)	605 (42.7)	1.000		
		AG	44 (38.9)	660 (46.6)	0.662	0.442-0.991	0.0448
		GG	8 (7.1)	151 (10.7)	0.525	0.246-1.121	0.0961
		[G] vs. [A]			0.703	0.518-0.954	0.0238
							P trend = 0.0215 a
	Adjusted for age; all analyses done with SAS Version 9.1 Proc Logistic				
	a Chi-square test for trend						

a All SNPs located in breast cancer-related miRNA or their flanking regions (±200 bp). The SNPs used in further investigation shown in bold letters b The miRNA genes (including the pre-miRNA and ±200 bp flanking regions) were sequenced in a sample set of more than 100 familial breast cancer cases (the number of each genotype is given and percentage is given in bracket) c All the genotype frequencies listed here are Caucasian data from NCBI (http://www.ncbi.nlm.nih.gov/) d Data from cancer genetic markers of susceptibility genome wide association study (CGEMS) (https://caintegrator.nci.nih.gov/cgems/ browseSetup.do)
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