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            Abstract
Oestrogen receptor-Î± (ER) is the defining and driving transcription factor in the majority of breast cancers and its target genes dictate cell growth and endocrine response, yet genomic understanding of ER function has been restricted to model systems1,2,3. Here we map genome-wide ER-binding events, by chromatin immunoprecipitation followed by high-throughput sequencing (ChIP-seq), in primary breast cancers from patients with different clinical outcomes and in distant ER-positive metastases. We find that drug-resistant cancers still recruit ER to the chromatin, but that ER binding is a dynamic process, with the acquisition of unique ER-binding regions in tumours from patients that are likely to relapse. The acquired ER regulatory regions associated with poor clinical outcome observed in primary tumours reveal gene signatures that predict clinical outcome in ER-positive disease exclusively. We find that the differential ER-binding programme observed in tumours from patients with poor outcome is not due to the selection of a rare subpopulation of cells, but is due to the FOXA1-mediated reprogramming of ER binding on a rapid timescale. The parallel redistribution of ER and FOXA1 binding events in drug-resistant cellular contexts is supported by histological co-expression of ER and FOXA1 in metastatic samples. By establishing transcription-factor mapping in primary tumour material, we show that there is plasticity in ER-binding capacity, with distinct combinations of cis-regulatory elements linked with the different clinical outcomes.
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                    Figure 1: 
                        A subset of ER-binding events is conserved in primary breast tumours and distant metastases.
                      [image: ]


Figure 2: 
                        ER-binding profiles can discriminate between tumours from patients with different clinical outcomes.
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Figure 3: 
                        Identification of a tamoxifen-resistant ER-binding profile.
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Figure 4: 
                        ER and FOXA1 binding is dynamic and their expression correlates in metastases.
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        Editorial Summary
Clinical outcome in ER+ tumours
Most breast tumours express the oestrogen receptor-Î± (ER), and this transcription factor is seen as an important drug target for the treatment of breast cancer. Jason Carroll and colleagues have mapped ER binding sites in solid primary cancers for the first time, and find distinct ER-binding profiles that are mediated in part by the FoxA1 DNA-binding protein and are associated with better or worse clinical outcome. As well as providing a potentially useful method of prognosis, this work may help to answer one of the major questions in breast cancer biology: how some ER+ tumours become drug resistant.
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