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            Abstract
Characterization of the prostate cancer transcriptome and genome has identified chromosomal rearrangements and copy number gains and losses, including ETS gene family fusions, PTEN loss and androgen receptor (AR) amplification, which drive prostate cancer development and progression to lethal, metastatic castration-resistant prostate cancer (CRPC)1. However, less is known about the role of mutations2,3,4. Here we sequenced the exomes of 50 lethal, heavily pre-treated metastatic CRPCs obtained at rapid autopsy (including three different foci from the same patient) and 11 treatment-naive, high-grade localized prostate cancers. We identified low overall mutation rates even in heavily treated CRPCs (2.00 per megabase) and confirmed the monoclonal origin of lethal CRPC. Integrating exome copy number analysis identified disruptions of CHD1 that define a subtype of ETS gene family fusion-negative prostate cancer. Similarly, we demonstrate that ETS2, which is deleted in approximately one-third of CRPCs (commonly through TMPRSS2:ERG fusions), is also deregulated through mutation. Furthermore, we identified recurrent mutations in multiple chromatin- and histone-modifying genes, including MLL2 (mutated in 8.6% of prostate cancers), and demonstrate interaction of the MLL complex with the AR, which is required for AR-mediated signalling. We also identified novel recurrent mutations in the AR collaborating factor FOXA1, which is mutated in 5 of 147 (3.4%) prostate cancers (both untreated localized prostate cancer and CRPC), and showed that mutated FOXA1 represses androgen signalling and increases tumour growth. Proteins that physically interact with the AR, such as the ERG gene fusion product, FOXA1, MLL2, UTX (also known as KDM6A) and ASXL1 were found to be mutated in CRPC. In summary, we describe the mutational landscape of a heavily treated metastatic cancer, identify novel mechanisms of AR signalling deregulated in prostate cancer, and prioritize candidates for future study.
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                    Figure 1: 
                        Integrated mutational landscape of lethal metastatic CRPC.
                      [image: ]


Figure 2: Integrated exome sequencing and copy number analysis highlights novel aspects of ETS genes in prostate cancer biology: deregulation of  CHD1  and  ETS2. [image: ]


Figure 3: 
                        CRPC harbours mutational aberrations in chromatin/histone modifiers that physically interact with the AR.
                      [image: ]


Figure 4: 
                        Recurrent mutations in the AR collaborating factor 
                        FOXA1
                         promote tumour growth and affect AR signalling.
                      [image: ]
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Mutations in aggressive prostate cancer
Great strides have been made in the treatment of localized prostate cancer, but the metastatic disease and its progression to castration-resistant prostate cancer (CRPC) are commonly lethal. This study uses whole-exome sequencing of 132 samples comprising tumour and matched germ line from 50 patients with heavily treated CRPC, and 11 untreated high-grade localized prostate cancers. Although the overall mutation rate is low, the authors find recurrent mutations in multiple chromatin/histone-modifying genes, as well as in the gene encoding the androgen receptor. They identify a diverse series of potentially driving mutations and copy-number alterations in both known and novel genes and pathways, including FOXA1.
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