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            Abstract
The molecular pathogenesis of renal cell carcinoma (RCC) is poorly understood. Whole-genome and exome sequencing followed by innovative tumorgraft analyses (to accurately determine mutant allele ratios) identified several putative two-hit tumor suppressor genes, including BAP1. The BAP1 protein, a nuclear deubiquitinase, is inactivated in 15% of clear cell RCCs. BAP1 cofractionates with and binds to HCF-1 in tumorgrafts. Mutations disrupting the HCF-1 binding motif impair BAP1-mediated suppression of cell proliferation but not deubiquitination of monoubiquitinated histone 2A lysine 119 (H2AK119ub1). BAP1 loss sensitizes RCC cells in vitro to genotoxic stress. Notably, mutations in BAP1 and PBRM1 anticorrelate in tumors (P = 3 × 10−5), and combined loss of BAP1 and PBRM1 in a few RCCs was associated with rhabdoid features (q = 0.0007). BAP1 and PBRM1 regulate seemingly different gene expression programs, and BAP1 loss was associated with high tumor grade (q = 0.0005). Our results establish the foundation for an integrated pathological and molecular genetic classification of RCC, paving the way for subtype-specific treatments exploiting genetic vulnerabilities.
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                    Figure 1: Integrative mutation and DNA copy-number analyses in a tumor and tumorgraft from the index subject.[image: ]


Figure 2: BAP1 is a tumor suppressor in ccRCC.[image: ]


Figure 3: HCF-1–dependent suppression of cell proliferation by BAP1.[image: ]


Figure 4: BAP1 binds to and elutes with HCF-1 in tumorgrafts.[image: ]


Figure 5: Loss of BAP1 and PBRM1 form the basis of a molecular genetic classification system for ccRCCs.[image: ]
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Change history
	21 June 2012
In the version of this article initially published, the P value given in the abstract for the anticorrelation between BAP1 and PBRM1 mutations was given incorrectly as 9 × 10−6 instead of 3 × 10−5. The definition of mutant allele ratios (MARs) in the text on p. 1 of the PDF has been corrected. The titles and legends of Figure 1 and Table 1 incorrectly stated that data were presented from multiple tumors and tumorgrafts; these have been corrected to reflect that data came from one index subject. The title of Figure 2 originally referred to mutated residues; this has now been corrected to state that alterations in BAP1 are shown. On p. 7 of the PDF the text has been corrected to state that "a few tumors had loss of both BAP1 and PBRM," whereas the text originally incorrectly cited somatic mutations in both genes. The errors have been corrected in the HTML and PDF versions of the article.


	29 August 2012
An Erratum to this paper has been published: https://doi.org/10.1038/ng0912-1072b
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