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            Abstract
Esophageal squamous cell carcinoma (ESCC) is one of the deadliest cancers1. We performed exome sequencing on 113 tumor-normal pairs, yielding a mean of 82 non-silent mutations per tumor, and 8 cell lines. The mutational profile of ESCC closely resembles those of squamous cell carcinomas of other tissues but differs from that of esophageal adenocarcinoma. Genes involved in cell cycle and apoptosis regulation were mutated in 99% of cases by somatic alterations of TP53 (93%), CCND1 (33%), CDKN2A (20%), NFE2L2 (10%) and RB1 (9%). Histone modifier genes were frequently mutated, including KMT2D (also called MLL2; 19%), KMT2C (MLL3; 6%), KDM6A (7%), EP300 (10%) and CREBBP (6%). EP300 mutations were associated with poor survival. The Hippo and Notch pathways were dysregulated by mutations in FAT1, FAT2, FAT3 or FAT4 (27%) or AJUBA (JUB; 7%) and NOTCH1, NOTCH2 or NOTCH3 (22%) or FBXW7 (5%), respectively. These results define the mutational landscape of ESCC and highlight mutations in epigenetic modulators with prognostic and potentially therapeutic implications.
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                    Figure 1: Genome-wide mutational landscape of ESCC identified by whole-exome sequencing.[image: ]


Figure 2: Recurrent histone modifier gene mutations in ESCC.[image: ]


Figure 3: Alterations of Hippo pathway regulators in AJUBA.[image: ]


Figure 4: Somatically altered pathways in ESCC.[image: ]
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	11 September 2014
In the version of this article initially published online, the word "alternations" in the abstract should have been "alterations," in Figure 1c "30" should have been "33," in the legend to Figure 1 "MIR458K" should have been "MIR548K," labels in Figure 2h were in the wrong position, and in the 'DNA constructs and mutagenesis' section in the Online Methods "BamHI" should have been "EcoRV" and the penultimate sentence should have been deleted. These errors have been corrected for the print, PDF and HTML versions of this article.





References
	Enzinger, P.C. & Mayer, R.J. Esophageal cancer. N. Engl. J. Med. 349, 2241â€“2252 (2003).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Jemal, A. et al. Global cancer statistics. CA Cancer J. Clin. 61, 69â€“90 (2011).
ArticleÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Ferlay, J. et al. Estimates of worldwide burden of cancer in 2008: GLOBOCAN 2008. Int. J. Cancer 127, 2893â€“2917 (2010).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Okines, A., Cunningham, D. & Chau, I. Targeting the human EGFR family in esophagogastric cancer. Nat. Rev. Clin. Oncol. 8, 492â€“503 (2011).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Engel, L.S. et al. Population attributable risks of esophageal and gastric cancers. J. Natl. Cancer Inst. 95, 1404â€“1413 (2003).
PubMedÂ 
    
                    Google ScholarÂ 
                

	Wang, J.B. et al. Attributable causes of esophageal cancer incidence and mortality in China. PLoS ONE 7, e42281 (2012).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Wang, L.D. et al. Genome-wide association study of esophageal squamous cell carcinoma in Chinese subjects identifies susceptibility loci at PLCE1 and C20orf54. Nat. Genet. 42, 759â€“763 (2010).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Abnet, C.C. et al. A shared susceptibility locus in PLCE1 at 10q23 for gastric adenocarcinoma and esophageal squamous cell carcinoma. Nat. Genet. 42, 764â€“767 (2010).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Wu, C. et al. Genome-wide association study identifies three new susceptibility loci for esophageal squamous-cell carcinoma in Chinese populations. Nat. Genet. 43, 679â€“684 (2011).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Wu, C. et al. Genome-wide association analyses of esophageal squamous cell carcinoma in Chinese identify multiple susceptibility loci and gene-environment interactions. Nat. Genet. 44, 1090â€“1097 (2012).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Tran, G.D. et al. Prospective study of risk factors for esophageal and gastric cancers in the Linxian general population trial cohort in China. Int. J. Cancer 113, 456â€“463 (2005).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Agrawal, N. et al. Comparative genomic analysis of esophageal adenocarcinoma and squamous cell carcinoma. Cancer Discov. 2, 899â€“905 (2012).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Song, Y.M. et al. Identification of genomic alterations in oesophageal squamous cell cancer. Nature 509, 91â€“95 (2014).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Shimada, Y. et al. Characterization of 21 newly established esophageal cancer cell lines. Cancer 69, 277â€“284 (1992).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Stoner, G.D. et al. Establishment and characterization of SV40 T-antigen immortalized human esophageal epithelial cells. Cancer Res. 51, 365â€“371 (1991).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Vogelstein, B. et al. Cancer genome landscapes. Science 339, 1546â€“1558 (2013).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Lawrence, M.S. et al. Discovery and saturation analysis of cancer genes across 21 tumour types. Nature 505, 495â€“501 (2014).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Barnes, D.E. & Lindahl, T. Repair and genetic consequences of endogenous DNA base damage in mammalian cells. Annu. Rev. Genet. 38, 445â€“476 (2004).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Dulak, A.M. et al. Exome and whole-genome sequencing of esophageal adenocarcinoma identifies recurrent driver events and mutational complexity. Nat. Genet. 45, 478â€“486 (2013).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Pleasance, E.D. et al. A small-cell lung cancer genome with complex signatures of tobacco exposure. Nature 463, 184â€“190 (2010).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Peifer, M. et al. Integrative genome analyses identify key somatic driver mutations of small-cell lung cancer. Nat. Genet. 44, 1104â€“1110 (2012).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Rudin, C.M. et al. Comprehensive genomic analysis identifies SOX2 as a frequently amplified gene in small-cell lung cancer. Nat. Genet. 44, 1111â€“1116 (2012).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Kim, Y. et al. Integrative and comparative genomic analysis of lung squamous cell carcinomas in East Asian patients. J. Clin. Oncol. 32, 121â€“128 (2014).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Lee, W. et al. The mutation spectrum revealed by paired genome sequences from a lung cancer patient. Nature 465, 473â€“477 (2010).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Imielinski, M. et al. Mapping the hallmarks of lung adenocarcinoma with massively parallel sequencing. Cell 150, 1107â€“1120 (2012).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Govindan, R. et al. Genomic landscape of non-small cell lung cancer in smokers and never-smokers. Cell 150, 1121â€“1134 (2012).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Seo, J.S. et al. The transcriptional landscape and mutational profile of lung adenocarcinoma. Genome Res. 22, 2109â€“2119 (2012).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Liu, J. et al. Genome and transcriptome sequencing of lung cancers reveal diverse mutational and splicing events. Genome Res. 22, 2315â€“2327 (2012).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Maesawa, C. et al. Mutations in the human homologue of the Drosophila patched gene in esophageal squamous cell carcinoma. Genes Chromosom. Cancer 21, 276â€“279 (1998).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Hu, N. et al. Infrequent mutation in the BRCA2 gene in esophageal squamous cell carcinoma. Clin. Cancer Res. 8, 1121â€“1126 (2002).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Lawrence, M.S. et al. Mutational heterogeneity in cancer and the search for new cancer-associated genes. Nature 499, 214â€“218 (2013).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Shen, H. & Laird, P.W. Interplay between the cancer genome and epigenome. Cell 153, 38â€“55 (2013).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Kouzarides, T. Chromatin modifications and their function. Cell 128, 693â€“705 (2007).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Ogryzko, V.V., Schiltz, R.L., Russanova, V., Howard, B.H. & Nakatani, Y. The transcriptional coactivators p300 and CBP are histone acetyltransferases. Cell 87, 953â€“959 (1996).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Liu, X. et al. The structural basis of protein acetylation by the p300/CBP transcriptional coactivator. Nature 451, 846â€“850 (2008).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Choi, Y., Sims, G.E., Murphy, S., Miller, J.R. & Chan, A.P. Predicting the functional effect of amino acid substitutions and indels. PLoS ONE 7, e46688 (2012).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Arany, Z., Sellers, W.R., Livingston, D.M. & Eckner, R. E1A-associated p300 and CREB-associated CBP belong to a conserved family of coactivators. Cell 77, 799â€“800 (1994).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Kamei, Y. et al. A CBP integrator complex mediates transcriptional activation and AP-1 inhibition by nuclear receptors. Cell 85, 403â€“414 (1996).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Goodman, R.H. & Smolik, S. CBP/p300 in cell growth, transformation, and development. Genes Dev. 14, 1553â€“1577 (2000).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Bedford, D.C., Kasper, L.H., Fukuyama, T. & Brindle, P.K. Target gene context influences the transcriptional requirement for the KAT3 family of CBP and p300 histone acetyltransferases. Epigenetics 5, 9â€“15 (2010).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Gayther, S.A. et al. Mutations truncating the EP300 acetylase in human cancers. Nat. Genet. 24, 300â€“303 (2000).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Pasqualucci, L. et al. Inactivating mutations of acetyltransferase genes in B-cell lymphoma. Nature 471, 189â€“195 (2011).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Mullighan, C.G. et al. CREBBP mutations in relapsed acute lymphoblastic leukaemia. Nature 471, 235â€“239 (2011).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Gui, Y. et al. Frequent mutations of chromatin remodeling genes in transitional cell carcinoma of the bladder. Nat. Genet. 43, 875â€“878 (2011).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Ojesina, A.I. et al. Landscape of genomic alterations in cervical carcinomas. Nature 506, 371â€“375 (2014).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Rice, T.W. et al. Cancer of the esophagus and esophagogastric junction: data-driven staging for the seventh edition of the American Joint Committee on Cancer/International Union Against Cancer Cancer Staging Manuals. Cancer 116, 3763â€“3773 (2010).
PubMedÂ 
    
                    Google ScholarÂ 
                

	Wu, I.C. et al. Substance use (alcohol, areca nut and cigarette) is associated with poor prognosis of esophageal squamous cell carcinoma. PLoS ONE 8, e55834 (2013).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Chen, S.B. et al. Prognostic factors and outcome for patients with esophageal squamous cell carcinoma underwent surgical resection alone: evaluation of the seventh edition of the American Joint Committee on Cancer staging system for esophageal squamous cell carcinoma. J. Thorac. Oncol. 8, 495â€“501 (2013).
PubMedÂ 
    
                    Google ScholarÂ 
                

	Li, Y. et al. High expression of p300 has an unfavorable impact on survival in resectable esophageal squamous cell carcinoma. Ann. Thorac. Surg. 91, 1531â€“1538 (2011).
PubMedÂ 
    
                    Google ScholarÂ 
                

	Levine, A.J. & Oren, M. The first 30 years of p53: growing ever more complex. Nat. Rev. Cancer 9, 749â€“758 (2009).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Morgan, M.A. & Shilatifard, A. Drosophila SETs its sights on cancer: Trr/MLL3/4 COMPASS-like complexes in development and disease. Mol. Cell. Biol. 33, 1698â€“1701 (2013).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Parsons, D.W. et al. The genetic landscape of the childhood cancer medulloblastoma. Science 331, 435â€“439 (2011).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Morin, R.D. et al. Frequent mutation of histone-modifying genes in non-Hodgkin lymphoma. Nature 476, 298â€“303 (2011).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Pasqualucci, L. et al. Analysis of the coding genome of diffuse large B-cell lymphoma. Nat. Genet. 43, 830â€“837 (2011).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Ong, C.K. et al. Exome sequencing of liver flukeâ€“associated cholangiocarcinoma. Nat. Genet. 44, 690â€“693 (2012).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Ellis, M.J. et al. Whole-genome analysis informs breast cancer response to aromatase inhibition. Nature 486, 353â€“360 (2012).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Wiegand, K.C. et al. ARID1A mutations in endometriosis-associated ovarian carcinomas. N. Engl. J. Med. 363, 1532â€“1543 (2010).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Cancer Genome Atlas Research Network. Integrated genomic analyses of ovarian carcinoma. Nature 474, 609â€“615 (2011).

	Le Gallo, M. et al. Exome sequencing of serous endometrial tumors identifies recurrent somatic mutations in chromatin-remodeling and ubiquitin ligase complex genes. Nat. Genet. 44, 1310â€“1315 (2012).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Cancer Genome Atlas Research Network. Comprehensive molecular characterization of urothelial bladder carcinoma. Nature 507, 315â€“322 (2014).

	Varela, I. et al. Exome sequencing identifies frequent mutation of the SWI/SNF complex gene PBRM1 in renal carcinoma. Nature 469, 539â€“542 (2011).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Sausen, M. et al. Integrated genomic analyses identify ARID1A and ARID1B alterations in the childhood cancer neuroblastoma. Nat. Genet. 45, 12â€“17 (2013).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Harvey, K.F., Zhang, X. & Thomas, D.M. The Hippo pathway and human cancer. Nat. Rev. Cancer 13, 246â€“257 (2013).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Goyal, R.K. et al. Ajuba, a novel LIM protein, interacts with Grb2, augments mitogen-activated protein kinase activity in fibroblasts, and promotes meiotic maturation of Xenopus oocytes in a Grb2- and Ras-dependent manner. Mol. Cell. Biol. 19, 4379â€“4389 (1999).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Hirota, T. et al. Aurora-A and an interacting activator, the LIM protein Ajuba, are required for mitotic commitment in human cells. Cell 114, 585â€“598 (2003).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Das Thakur, M. et al. Ajuba LIM proteins are negative regulators of the Hippo signaling pathway. Curr. Biol. 20, 657â€“662 (2010).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Sun, G. & Irvine, K.D. Ajuba family proteins link JNK to Hippo signaling. Sci. Signal. 6, ra81 (2013).
PubMedÂ 
    
                    Google ScholarÂ 
                

	Cho, E. et al. Delineation of a Fat tumor suppressor pathway. Nat. Genet. 38, 1142â€“1150 (2006).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Morris, L.G. et al. Recurrent somatic mutation of FAT1 in multiple human cancers leads to aberrant Wnt activation. Nat. Genet. 45, 253â€“261 (2013).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Zang, Z.J. et al. Exome sequencing of gastric adenocarcinoma identifies recurrent somatic mutations in cell adhesion and chromatin remodeling genes. Nat. Genet. 44, 570â€“574 (2012).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Nikolaev, S.I. et al. Exome sequencing identifies recurrent somatic MAP2K1 and MAP2K2 mutations in melanoma. Nat. Genet. 44, 133â€“139 (2012).
CASÂ 
    
                    Google ScholarÂ 
                

	Cancer Genome Atlas Research Network. Comprehensive genomic characterization of squamous cell lung cancers. Nature 489, 519â€“525 (2012).

	Sporn, M.B. & Liby, K.T. NRF2 and cancer: the good, the bad and the importance of context. Nat. Rev. Cancer 12, 564â€“571 (2012).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Lo, S.C., Li, X., Henzl, M.T., Beamer, L.J. & Hannink, M. Structure of the Keap1:Nrf2 interface provides mechanistic insight into Nrf2 signaling. EMBO J. 25, 3605â€“3617 (2006).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Manning, A.L. & Dyson, N.J. RB: mitotic implications of a tumour suppressor. Nat. Rev. Cancer 12, 220â€“226 (2012).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Ravindra, K.C. et al. Inhibition of lysine acetyltransferase KAT3B/p300 activity by a naturally occurring hydroxynaphthoquinone, plumbagin. J. Biol. Chem. 284, 24453â€“24464 (2009).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Liu-Chittenden, Y. et al. Genetic and pharmacological disruption of the TEAD-YAP complex suppresses the oncogenic activity of YAP. Genes Dev. 26, 1300â€“1305 (2012).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Salmon Hillbertz, N.H. et al. Duplication of FGF3, FGF4, FGF19 and ORAOV1 causes hair ridge and predisposition to dermoid sinus in Ridgeback dogs. Nat. Genet. 39, 1318â€“1320 (2007).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Pettersen, E.F. et al. UCSF Chimeraâ€”a visualization system for exploratory research and analysis. J. Comput. Chem. 25, 1605â€“1612 (2004).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Jones, S. et al. Frequent mutations of chromatin remodeling gene ARID1A in ovarian clear cell carcinoma. Science 330, 228â€“231 (2010).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	SjÃ¶blom, T. et al. The consensus coding sequences of human breast and colorectal cancers. Science 314, 268â€“274 (2006).
PubMedÂ 
    
                    Google ScholarÂ 
                

	Li, H. & Durbin, R. Fast and accurate short read alignment with Burrows-Wheeler transform. Bioinformatics 25, 1754â€“1760 (2009).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	McKenna, A. et al. The Genome Analysis Toolkit: a MapReduce framework for analyzing next-generation DNA sequencing data. Genome Res. 20, 1297â€“1303 (2010).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	DePristo, M.A. et al. A framework for variation discovery and genotyping using next-generation DNA sequencing data. Nat. Genet. 43, 491â€“498 (2011).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Li, G. et al. The YH database: the first Asian diploid genome database. Nucleic Acids Res. 37 (suppl. 1), D1025â€“D1028 (2009).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	1000 Genomes Project Consortium. An integrated map of genetic variation from 1,092 human genomes. Nature 491, 56â€“65 (2012).

	Sherry, S.T. et al. dbSNP: the NCBI database of genetic variation. Nucleic Acids Res. 29, 308â€“311 (2001).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Li, J. et al. LncRNA profile study reveals a three-lncRNA signature associated with the survival of patients with oesophageal squamous cell carcinoma. Gut 10.1136/gutjnl-2013-305806 (12 February 2014).

	Li, B.Z. et al. Increased expression of Paxillin is found in human oesophageal squamous cell carcinoma: a tissue microarray study. J. Int. Med. Res. 36, 273â€“278 (2008).
PubMedÂ 
    
                    Google ScholarÂ 
                


Download references




Acknowledgements
We thank M.-H. Xiong and all the staff and assistants in the Lab and Tumor Bank of the Department of Thoracic Surgery for their support in collecting and processing samples. This work was supported by the National High-Tech Research and Development Program of China (2012AA02A503), the National Natural Science Foundation of China (81172336, 81372219, 81301851 and U1302223), the Program for Changjiang Scholars and Innovative Research Team in University of China (IRT13006) and the Beijing Municipal Natural Science Foundation (7141011).


Author information
Authors and Affiliations
	Department of Thoracic Surgery, Cancer Institute and Hospital Chinese Academy of Medical Sciences, Beijing, China
Yi-Bo Gao,Â Zhao-Li Chen,Â Jia-Gen Li,Â Xue-Da Hu,Â Xue-Jiao Shi,Â Zeng-Miao Sun,Â Fan Zhang,Â Zi-Yuan Liu,Â Yu-Da Zhao,Â Jian Sun,Â Cheng-Cheng Zhou,Â Ran Yao,Â Su-Ya Wang,Â Nan Sun,Â Bai-Hua Zhang,Â Jing-Si Dong,Â Yue Yu,Â Mei Luo,Â Fang Zhou,Â Feng-Wei Tan,Â Bin Qiu,Â Ning Li,Â Kang Shao,Â Qi Xue,Â Shu-Geng GaoÂ &Â Jie He

	Department of Clinical Medicine, Peking Union Medical College and Chinese Academy of Medical Sciences, Beijing, China
Zi-Ran Zhao,Â Zi-Tong LiÂ &Â Pan Wang

	Department of Pathology, Cancer Institute and Hospital Chinese Academy of Medical Sciences, Beijing, China
Xiao-Li FengÂ &Â Su-Sheng Shi

	Department of Thoracic Surgery, Peking University Cancer Hospital, Beijing, China
Li-Jian Zhang

	Department of Thoracic Surgery, Sun Yat-Sen University Cancer Center, Guangzhou, China
Lan-Jun Zhang


Authors	Yi-Bo GaoView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Zhao-Li ChenView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Jia-Gen LiView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Xue-Da HuView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Xue-Jiao ShiView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Zeng-Miao SunView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Fan ZhangView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Zi-Ran ZhaoView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Zi-Tong LiView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Zi-Yuan LiuView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Yu-Da ZhaoView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Jian SunView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Cheng-Cheng ZhouView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Ran YaoView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Su-Ya WangView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Pan WangView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Nan SunView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Bai-Hua ZhangView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Jing-Si DongView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Yue YuView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Mei LuoView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Xiao-Li FengView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Su-Sheng ShiView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Fang ZhouView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Feng-Wei TanView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Bin QiuView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Ning LiView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Kang ShaoView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Li-Jian ZhangView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Lan-Jun ZhangView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Qi XueView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Shu-Geng GaoView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Jie HeView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Contributions
J.H. devised and supervised this project. J.H. and Y.-B.G. designed the study and wrote the manuscript. J.H., F.-W.T., B.Q., N.L., K.S., Li-Jian Zhang, Lan-Jun Zhang, Q.X. and S.-G.G. contributed clinical samples and information. X.-L.F. and S.-S.S. performed pathological review. Y.-B.G., Z.-L.C., J.-G.L., Y.-D.Z., J.S., C.-C.Z., R.Y., S.-Y.W., P.W., N.S., B.-H.Z., J.-S.D., Y.Y., M.L. and F. Zhou processed the samples and performed the experiments. Y.-B.G. and Y.-D.Z. performed EP300 HAT domain sequencing. Y.-B.G. and X.-D.H. performed bioinformatic and statistical analyses. F. Zhang, Z.-R.Z., Z.-T.L., Y.-D.Z. and S.-Y.W. validated genetic variations. X.-J.S., Z.-M.S. and Z.-Y.L. performed cellular biology experiments. Y.-B.G., Z.-L.C., J.-G.L., X.-D.H., X.-J.S. and J.H. analyzed and discussed the data.
Corresponding author
Correspondence to
                Jie He.


Ethics declarations

              
                Competing interests

                The authors declare no competing financial interests.

              
            

Integrated supplementary information

Supplementary Figure 1 Distribution of somatic mutations detected by exome sequencing in the ESCC patient cohort.
The average, median and range of mutation numbers in each category are shown.


Supplementary Figure 2 Landscape of somatic copy number alterations detected by exome sequencing in the ESCC patient cohort.
Chromosomes are arranged circularly end to end, with the cytobands frequently affected marked in the outer rim. The inner space displays copy number data inferred from whole-exome sequencing, with red dots indicating copy number gains and blue dots indicating copy number losses. Amplifications are arranged as inward radiations in proportion to the fold change.


Supplementary Figure 3 Substitution composition of smokers and non-smokers in the ESCC exome.
(a) Comparison of the average substitution rates at non-CpG dinucleotides and at CpG dinucleotides between smokers and non-smokers. Most of the excessive substitution of C>T over C>A/G occurred at CpG dinucleotides. (b) Comparison of the average rates of all possible single-base substitutions between ESCC smokers (n = 77) and non-smokers (n = 36). Error bars indicate s.e.m. No significant difference was found between smokers and non-smokers.


Supplementary Figure 4 Distribution of non-silent mutations or SCNAs of known cancer genes.
(a) Mapping of cancer signaling pathways in ESCC, indicated by the number of mutations per capita and by the fraction of tumors carrying at least one mutation in the corresponding pathway. (b) Fraction of tumors carrying mutations in known oncogenes and tumor suppressor genes (TSGs). Pathway definition and gene classification are as shown in Supplementary Table 14.


Supplementary Figure 5 Recurrently mutated COSMIC Cancer Census genes in ESCC cell lines.

Supplementary Figure 6 Somatic alterations of RB1, NOTCH1, CCND1 and MIR548K correlate with clinical features.
(a) Mutation spectrum of RB1 (n = 10). (b) RB1 mutation was associated with younger age of onset of ESCC (P = 0.010, Studentâ€™s t test, two-tailed). (c) Mutation spectrum of NOTCH1 (n = 16). (d) NOTCH1 mutation was associated with older age of onset of ESCC (P = 0.001, Studentâ€™s t test, two-tailed). Amplifications of (e) CCND1 and (f) MIR548K were associated with poor overall survival (P = 0.006 and P = 0.022, log-rank test).


Supplementary Figure 7 Western blot confirmation of p300 knockdown efficiency in KYSE-150 and KYSE-450 cells.

Supplementary Figure 8 Representative fields of immunohistochemistry results.
The proteins of interest are designated in rows. Immunoreactivity scores are listed above. p-YAP1, phosphorylated YAP1.


Supplementary Figure 9 Somatic alterations in the PI3K-Ras and Notch pathways in ESCC.
Genes are shown along with the percentage of samples with alterations, including somatic mutations (blue), homozygous deletions (green) and amplifications (red).
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