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mutations and other rare mutations at ATM, BRIP1, CHEK and PALB2 are causative for hereditary breast cancers [START_REF] Easton | Genome-wide association study identifies novel breast cancer susceptibility loci[END_REF][START_REF] Ford | Genetic heterogeneity and penetrance analysis of the BRCA1 and BRCA2 genes in breast cancer families. The Breast Cancer Linkage Consortium[END_REF][START_REF] Narod | Genetic heterogeneity of breast-ovarian cancer revisited. Breast Cancer Linkage Consortium[END_REF], and among common variants the cell signaling and cell growth factor FGFR2 polymorphism rs2981582 is the most prominent genetic risk [START_REF] Easton | Genome-wide association study identifies novel breast cancer susceptibility loci[END_REF]. While the search for breast cancer susceptibility genes has been extended to whole genome approach and continues at fast pace, breast cancer risks remains a complex phenomenon contributed by a plethora of epidemiological factors (e.g. age, early age at menarche, family history of breast cancer) [START_REF] Easton | Genome-wide association study identifies novel breast cancer susceptibility loci[END_REF][START_REF] Hulka | Breast cancer: hormones and other risk factors[END_REF][START_REF] Kelsey | The epidemiology of breast cancer[END_REF], and stressful life events are considered as a contributor [START_REF] Kruk | Psychological stress and the risk of breast cancer: a case-control study[END_REF][START_REF] Lillberg | Stressful life events and risk of breast cancer in 10,808 women: a cohort study[END_REF][START_REF] Steptoe | What the experts think: a European survey of expert opinion about the influence of lifestyle on health[END_REF]. This is plausible because stress has been appreciated as a known risk for several physical disorders including migraines, asthma, high blood pressure and cardiovascular diseases [START_REF] Chorot | Life events and stress reactivity as predictors of cancer, coronary heart disease and anxiety disorders[END_REF][START_REF] Ginsberg | Life events and the risk of breast cancer: a case-control study[END_REF][START_REF] Rahe | Subjects' recent life changes and coronary heart disease in Finland[END_REF]. Whether and how stress contributes to cancer, in particularly breast cancer, remains elusive [START_REF] Cohen | Psychologic stress, immunity, and cancer[END_REF][START_REF] Garssen | On the role of immunological factors as mediators between psychosocial factors and cancer progression[END_REF][START_REF] Mcgee | Are life events related to the onset of breast cancer[END_REF].

Moreover, whether there is an interaction of stressful life events with genetic variations in breast cancer risk has not been explored. The most suitable incisive life event is the loss of a significant other (death of a husband or divorce) rather than other events such as loss of a job, change in residence or financial problems that have been shown to be subject to selective remembering in the time of breast cancer diagnosis [START_REF] Lillberg | Stressful life events and risk of breast cancer in 10,808 women: a cohort study[END_REF][START_REF] Funch | Measuring life stress: factors affecting fall-off in the reporting of life events[END_REF]. Following the strategy of testing the association between stressful life events and other factors such as genetic variation, we employed a population-based case control study as recommended by Levav et al. [START_REF] Levav | Cancer incidence and survival following bereavement[END_REF]. We investigated a potential impact of genetic polymorphisms located in the UDP glucuronosyl transferases 1A1 and 1A6 (UGT1A1 and UGT1A6) on breast cancer risk of women who reported divorce/separation or death of a husband.

UGTs are suggested to play a critical role in breast carcinogenesis because they are key enzymes of the metabolism of endogenous and exogenous compounds including steroid hormones, xenobiotics and drugs [START_REF] Mackenzie | The UDP glycosyltransferase gene superfamily: recommended nomenclature update based on evolutionary divergence[END_REF][START_REF] Riedmaier | UDP-glucuronosyltransferase (UGT) polymorphisms affect atorvastatin lactonization in vitro and in vivo[END_REF]. Several polymorphisms have been described in UGT genes and some genetic variations are known to affect expression and activity of the encoded enzymes [START_REF] Riedmaier | UDP-glucuronosyltransferase (UGT) polymorphisms affect atorvastatin lactonization in vitro and in vivo[END_REF][START_REF] Miners | Drug glucuronidation in humans[END_REF][START_REF] Miners | Genetic polymorphisms of UDPglucuronosyltransferases and their functional significance[END_REF]. In the present study we selected one promoter polymorphism in UGT1A1 (UGT1A1_(TA) n TAA repeat, UGT1A1*28) and two non-synonymous polymorphisms in UGT1A6 (UGT1A6_19_T>G, UGT1A6*2, Ser 7 Ala, rs6759892 and UGT1A6_541_A>G, UGT1A6*2, Thr 181 Ala, rs2070959, UGT1A6*2). These polymorphism are linked to each other and the variant alleles are suggested to lead to a decreased expression of UGT1A1 and UGT1A6 [START_REF] Beutler | Racial variability in the UDPglucuronosyltransferase 1 (UGT1A1) promoter: a balanced polymorphism for regulation of bilirubin metabolism?[END_REF][START_REF] Ciotti | Genetic polymorphism in the human UGT1A6 (planar phenol) UDP-glucuronosyltransferase: pharmacological implications[END_REF][START_REF] Kohle | Frequent co-occurrence of the TATA box mutation associated with Gilbert's syndrome (UGT1A1*28) with other polymorphisms of the UDP-glucuronosyltransferase-1 locus (UGT1A6*2 and UGT1A7*3) in Caucasians and Egyptians[END_REF]. Moreover, a possible reduction of side effects detoxification, increase of unwanted side effects of drugs and susceptibility of some diseases such as hepatocellular or breast carcinoma have been discussed for the variant alleles [START_REF] Kohle | Frequent co-occurrence of the TATA box mutation associated with Gilbert's syndrome (UGT1A1*28) with other polymorphisms of the UDP-glucuronosyltransferase-1 locus (UGT1A6*2 and UGT1A7*3) in Caucasians and Egyptians[END_REF][START_REF]The MARIE-GENICA Consortium on Genetic Susceptibility for Menopausal Hormone Therapy Related Breast Cancer Risk (2010) Genetic polymorphisms in phase I and phase II enzymes and breast cancer risk associated with menopausal hormone therapy in postmenopausal women[END_REF][START_REF] Vogel | Genetic link of hepatocellular carcinoma with polymorphisms of the UDPglucuronosyltransferase UGT1A7 gene[END_REF].

Accordingly, there is a possibility that these genetic variants may be involved in the metabolic dysregulation of known and putative endogenous and exogenous breast carcinogens potentially provoked by stressful events.

We analyzed the UGT1A1*28 and UGT1A6*2 polymorphisms in 1021 breast cancer cases and 1015 controls of the GENICA collection, a German age-matched population-based case control study [START_REF] Justenhoven | The CYP1B1_1358_GG genotype is associated with estrogen receptor-negative breast cancer[END_REF][START_REF] Pesch | Factors modifying the association between hormone-replacement therapy and breast cancer risk[END_REF]. The GENICA study was approved by the Ethic´s Committee of the University of Bonn. All study participants gave written informed consent. The UGT1A1_(TA) n TAA repeat was genotyped using MegaBACE 1000 DNA Analyzer (GE Health Care Biosciences Corp. Piscata Way, NY, USA) and UGT1A6_19_T>G as well as UGT1A6_541_A>G were genotyped by matrix assisted laser desorption/ionization mass spectrometry (MALDI-TOF MS; Sequenom, San Diego, CA) as described previously [START_REF]The MARIE-GENICA Consortium on Genetic Susceptibility for Menopausal Hormone Therapy Related Breast Cancer Risk (2010) Genetic polymorphisms in phase I and phase II enzymes and breast cancer risk associated with menopausal hormone therapy in postmenopausal women[END_REF]. In case of the UGT1A1_(TA) n TAA repeat carriers of 5/6 or 6/6 repeats were designated as homozygous *1, carriers of 5/7, 6/7 or 6/8 repeats were designated heterozygous *1/*28 as well as carriers of 7/7 or 7/8 repeats were designated homozygous *28. In case of UGT1A6 carriers of the UGT1A6_19_TT and UGT1A6_541_AA genotypes were designated homozygous *1 and carriers of the variant UGT1A6_19_GG and UGT1A6_541_GG genotypes were designates homozygous *2. All women homozygous for UGT1A1*1 and UGT1A6*1 (+) as well as all women homozygous for UGT1A1*28 and UGT1A6*2 (-) were included in the statistical analysis. The following subgroups were used in the association analysis: (i) women who reported to be unmated (never lived with a partner or husband), (ii) women which currently life with a partner or husband, and (iii) women that reported separation/divorce/death of husband. Associations between the combined UGT1A1 and UGT1A6 genotypes and breast cancer risk were analyzed by logistic regression conditional on age (5-year groups) and adjusted for six epidemiological breast cancer risk factors (i.e. menopausal status, family history of breast cancer, use of oral co ntraceptives, use of hormone therapy, body mass index, and smoking). Statistical analyses were performed using SAS v9.1.3 (SAS Institute Inc., Cary, NC, USA). At baseline, there was no risk association with stressful live events (Table 1). However, we observed a significantly increased breast cancer risk for women carrying the UGT1A1*28 and UGT1A6*2 variant genotype (-) as compared to women carrying the common UGT1A1*1 and UGT1A6*1 genotype (+) with an odds ratio (OR) of 1.51 (95% confidence interval [CI]: 1.10-2.09, p = 0.012; Table 1).

When we performed a combined analysis for UGT genotypes and life events we observed an elevated breast cancer risk with an OR of 2.61 (95% CI: 1.29-5.29, p = 0.008; Table 1) for women carrying the UGT variant genotype (-) and reporting separation/divorce/death of husband. Since UGTs are involved in the elimination of sex hormones from the circulation any lower activity, e.g. due to the background of UGT1A1*28 and UGT1A6*2 genotypes (-), expected to increase estrogen levels [START_REF] Beutler | Racial variability in the UDPglucuronosyltransferase 1 (UGT1A1) promoter: a balanced polymorphism for regulation of bilirubin metabolism?[END_REF][START_REF] Ciotti | Genetic polymorphism in the human UGT1A6 (planar phenol) UDP-glucuronosyltransferase: pharmacological implications[END_REF][START_REF] Kohle | Frequent co-occurrence of the TATA box mutation associated with Gilbert's syndrome (UGT1A1*28) with other polymorphisms of the UDP-glucuronosyltransferase-1 locus (UGT1A6*2 and UGT1A7*3) in Caucasians and Egyptians[END_REF]. It is of note because elevated estrogen levels are known to be critical for carcinogenesis of breast tumors [START_REF] Key | Endogenous sex hormones and breast cancer in postmenopausal women: reanalysis of nine prospective studies[END_REF]. This effect can be promoted by stressful events that may further impact on the dysregulation of the metabolism of hormone related carcinogens. In the absence of a baseline risk of stress events, our results suggest, that a small breast cancer risk conveyed by UGT1A1 and UGT1A6 variants may be further amplified by the experience of persisting stressful events. To challenge this hypothesis our findings should be followed up in larger patient cohorts. 

  Abbreviations: CI = confidence interval, OR = odds ratio, UGT = UDP glucuronosyltransferases

Table 1 .

 1 Frequencies and estimated risks of stressful life events as well as combined UGT1A1 and UGT1A6 a genotypes in breast cancer cases and controls UGT1A6_19_T>G and UGT1A6_541_A>G genotypes were combined according to their known effect on gene expression, women homozygous for the reference alleles UGT1A1*1/*1, UGT1A6_19_TT and UGT_541_AA leading to increased gene expression are designated (+); women homozygous for the variant alleles UGT1A1*28/*28, UGT1A6_19_GG and UGT1A6_541_GG leading to decreased gene expression are designated (-) b OR conditional on age in 5-year classes, adjusted for menopausal status, family history of breast cancer, use of oral contraceptives, use of hormone therapy, body mass index, and smoking c Reference
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